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Abstract 

PRC2 (Polycomb repressive complex-2), is a well-studied chromatin modulator which is 

associated with the methylation of histone H3 lysine 27 (H3K27). PRC2 is formed by three 

major classes of proteins; the functional enzymatic component of the PRC2, Enhancer of 

Zeste Homolog-2 (EZH2); SUZ12, a PRC2 subunit and a scaffolding protein, EED which 

assembles and stabilizes the PRC2 complex. The major subunit EZH2 is responsible for 

regulating the epigenetic process through the catalysis of repressive H3K27me3 marks in 

endothelial cells (EC) and its importance in different disease outcomes including its role 

in chronic diseases is well studied. 

NO, a versatile bio-active molecule modulates cellular function through diverse 

mechanisms including S-nitrosylation of proteins. However, the role of this post-

translational modification in regulating epigenetic pathways is not explored. Herein, we 

report that NO causes S-nitrosylation of selected cysteine residues of EZH2 in EC 

resulting in diminished nuclear localization, disassembly of PRC2 complex, and 

interplaying with EZH2 protein stability. We detected a significant reduction in H3K27me3 

upon exposure to NO as contributed by early dissociation of SUZ12 from the PRC2 

complex. Longer exposure to NO donors caused EZH2 ubiquitination and its degradation 

primarily through autophagosome-lysosome pathway. Moreover, endogenous induction 

of NO production through agonist bradykinin in EC also manifested the same effect as 

observed with NO donor while quenching NO in such a setting reversed its effect on EZH2 

and H3K27me3. Through in silico S-nitrosylation prediction analysis, we identified three 

cysteine residues namely at locations 260, 329, and 700 in EZH2 that exhibited the highest 

probability of being S-nitrosylated. We next generated mutants through site-directed 

mutagenesis of these residues by converting the codon to code for cysteine to serine. 
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Overexpression of these mutants in HEK-293 cells followed by NO exposure revealed that 

cysteine residue at locations 329 and 700 played the most critical role in the NO-

dependent effect on EZH2’s stability and catalytic activity respectively.  Furthermore, by 

reinforcing H3K27me3 in NO-exposed EC through the use of an inhibitor of H3K27me3 

demethylase, we confirmed a significant contribution of the EZH2-H3K27me3 axis in 

defining NO-mediated regulation of endothelial gene expression and migration. A 

molecular dynamics simulation study revealed SUZ12’s inability to efficiently bind to the 

SAL domain of EZH2 upon S-nitrosylation of C329 and C700. Taken together, our study 

for the first-time reports that S-nitrosylation-dependent regulation of EZH2 and its 

associated PRC2 complex influences endothelial homeostasis and identifies new 

mechanisms targeting the role of EZH2 in endothelial dysfunction for better therapeutic 

outcome. 
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1. INTRODUCTION: 

Chromatin regulation is a complex and dynamic process essential for the control of gene 

expression and various chromatin-associated functions such as gene regulation, DNA 

repair, and the maintenance of genome stability.  The chromatin structure governs the 

alteration in gene expression both in lineage specification during development as well as 

during the onset and progression of diseases. Chromatin structure can be altered by 

covalent modifications made to DNA or histone proteins which are attributed by diverse 

families of DNA- and chromatin-modifying complexes, including enzymes.  For eg. - DNA 

modifications can occur through DNA methylation which occurs at CpG dinucleotides that 

can regulate chromatin structure as well as the recruitment of transcriptional regulators1. 

Histone modifications occur through processes such as acetylation, methylation, 

phosphorylation, ubiquitination, SUMOylation etc, which can influence chromatin structure 

and gene expression changes2.  Apart from the above-mentioned examples, various 

classes of non-coding RNAs, like microRNAs (miRNAs) and long non-coding RNAs 

(lncRNAs), work through mechanisms like RNA interference and chromatin remodeling at 

the transcriptional and post-transcriptional levels and are involved in chromatin regulation 

by modulating gene expression3. The understanding of the mechanisms involved in 

chromatin regulation is important for the unwinding of fundamental biological processes 

and in the development of novel therapeutic interventions for diseases associated with 

chromatin dysregulation. 
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1.1 Chromatin Regulation via Polycomb group (PcG) of proteins 

 

Polycomb group (PcG) of proteins is one family of chromatin-modifying enzymes that work 

as repressors of gene expression. PcG proteins are components of multiprotein 

complexes that can be categorized into PRC 1 and 24. 

PcG-driven gene silencing is thought to rely mostly on the regulation of chromatin 

structure, in part through post-translational modification (PTM) of histones. Hence, the 

PRC2 complex is responsible for the methylation (di- and tri-) of Lys 27 of histone H3 

(H3K27me2/3)5,6, thereby causing repression of gene expression through its enzymatic 

subunits EZH1 and EZH2. PRC1 is chromatin modifier with histone H2A E3 ligase activity 

where PRC1 complex monoubiquitylates Lys 119 of histone H2A (H2AK119ub) via the 

ubiquitin ligases RING1A and RING1B. In addition, some PRC1 complexes can regulate 

gene expression by compacting chromatin in a manner independent of enzymatic activity7. 

The PRC1 component Pc (known as CBX in mammals) binds specifically to the product 

of PRC2 catalysis, H3K27me3, leading to the hypothesis that PRC1 functions downstream 

of PRC2. Although this premise is still cited in the literature, its operational status is 

equivocal as there are genes targeted by PRC2 that lack H2AK119ub8 and genes 

targeted by PRC1 in the absence of PRC28,9. Nonetheless, PRC2 and PRC1 are often 

required to maintain gene repression10. 

 

1.2 Structure and functions of Polycomb Repressive Complex-2 

1.2.1 Functional Components of PRC2; role of EZH2 

The core of PRC2, which is conserved from Drosophila to mammals, comprises four 

components: EZH1/2, SUZ12, EED and additional subunit RbAp46/48 (also known as 

RBBP7/4). The presence of PRC2 in various unicellular eukaryotes led to the suggestion 
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that it existed in the last common unicellular ancestor, but it was lost at times during 

evolution as exemplified by the cases of Schizosaccharomyces pombe and 

Saccharomyces cerevisiae, in which PRC2 is absent 11 Notably, the PRC2 components 

underwent little duplication in mammals, with vertebrates containing two copies of 

Enhancer of Zeste homolog, EZH1 and EZH211. EZH1 is present in both dividing and 

differentiated cells, whereas EZH2 is found only in actively dividing cells. Also, PRC2 

complexes containing EZH1 (PRC2–EZH1) instead of EZH2 have low methyltransferase 

activity compared with PRC2–EZH212. This indicates that PRC2–EZH2 establishes 

cellular H3K27me2/3 levels through its EZH2-mediated methyltransferase activity and that 

PRC2–EZH1 restores H3K27me2/3 that could have been lost after histone exchange or 

through demethylase activity. Moreover, PRC2–EZH1 and PRC2–EZH2 have distinct 

chromatin-binding properties, as illustrated by the specific chromatin-compaction property 

of PRC2-EZH110.  

 

The human PRC2 is formed by three major classes of proteins; the functional enzymatic 

component of the PRC2, EZH2; SUZ12, a PRC2 subunit and a scaffolding protein, EED 

which assembles and stabilizes the PRC2 complex. Along with that it also comprises of 

the subunit RbAp46/48 and cofactors such as AeBP2 and JARID213,14.  
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Figure 1.2.1.1- PRC2 complex and its association with Histone 3 

 

The subunit EZH2 is divided into several domains such as CXC, MCSS, SANT2, SANT1, 

SRM, SAL, BAM, EBD, and SBD, etc. which are responsible for performing different roles. 

For e.g.-CXC domain of EZH2 is the region where the unmodified nucleosome attaches 

to EZH2 to undergo modifications14,15. The nucleosome that has H3K27me3 marks 

interacts with the SBD domain as it acts as the primary binding site for the nucleosome 

along with the subunit EED. The SET domain is the region where the catalytic activity of 

PRC2 complex resides which catalyzes the deposition of methylation marks on H3K27 

along with the subunits EED which stimulates the methyltransferase activity of PRC2 

along with SUZ1213. 

SUZ12 helps in the integration of the PRC2 complex and also acts as a docking platform 

for binding AEBP2 and JARID2 as AEBP2 sits on RBAP48 and SUZ12. Along with this, 

the VEFS domain of SUZ12 participates in the functional regulation of the PRC2 complex. 
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The subunit RBAP48 is responsible for maintaing the stability of the PRC2 complex and 

enhancing its methyltransferase activity. It is also responsible for the interaction between 

the subunits of PRC2 and chromosomes14.  The subunit RBAP48 interacts with the 

cofactor AEBP2, which in turn stimulates the HMT activity of the PRC2 complex. The 

cofactor Jarid2, is trimethylated at K116 by PRC2, which results in further stimulating the 

methyltransferase activity of the complex. Basically, the cofactors AEBP2 and JARID2 are 

capable of mimicking role of histone H3 which can contribute to the deposition of 

methylation marks on H3K27 at specific gene loci14,16.  

 

1.3 Role of EZH2 in Cytosol 

Although EZH2, through forming the PRC2 complex, is well known for its role in regulating 

epigenetic processes through histone methylation, EZH2 also mediates cytosolic function 

by driving methylation of actin cytoskeleton remodeling proteins. A pioneering study 

indicated that cytosolic EZH2 works via the regulation of methylation of proteins such as 

small GTPase17  and Talin18 that essentially controls actin cytoskeleton remodeling. The 

majority of these studies indicated that even in the cytosol, EZH2 still forms an active 

PRC2 complex, which essentially works as methyltransferase of non-histone protein18,19, 

thereby regulating their downstream function. However, how EZH2 changes its location 

and catalytic substrate based on the location is remained to be elusive. There are limited 

studies describing such regulation of EZH2 through post-translational modification, 

especially in the context of its methyltransferase activity and localization. 

Till now, the main role of EZH2 was thought to be intranuclear, but recent studies have 

identified its cytosolic localization pertaining to various types of cancer cells such as in 

fibroblasts, T lymphocytes, breast cancer20, and prostate cancer cells21,22.  Recent 
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research has also concluded the non-canonical methyltransferase-independent role of 

EZH223,24.  

Cytosolic EZH2 is associated with repression of transcriptional genes linked to tumor 

suppression25, cell cycle inhibition, cell differentiation and antigen processing and 

presentation pathways or with the activation of the oncogenes26,27. The importance of 

EZH2 in regulating glucose, lipid28, and amino acid metabolism and in turn affecting the 

development and progression of various types of tumours has also been identified29. 

 

1.4 Importance of EZH2 in Development and Diseases 

EZH2, a SET-domain-containing protein is closely associated with several other subunits 

and is key for the catalytic function of the PRC2 complex. Genetic ablation of EZH2, is 

shown to result in lethality at the early stages of mouse development30. EZH2 mutant mice 

either cease developing after implantation or initiate but fail to complete gastrulation. 

Moreover, EZH2-deficient blastocysts display an impaired potential for outgrowth, 

preventing the establishment of EZH2-null embryonic stem cells. In contrast, EZH2 has 

been shown to be responsible for cancer progression and metastasis, as well as the 

pathogenesis of different other diseases31,32. Many studies have been published depicting 

the importance of EZH2 in different disease outcomes, including its role in chronic kidney 

diseases. The same studies indicated that EZH2 and its associated H3K27me3 mark are 

essential for the physiological functioning of specific kidney cells and any loss in EZH2 

and H3K27me3 level is responsible for onset and progression of chronic kidney 

disease33,34. These reported studies highlighted the importance of EZH2 as a key mediator 

of cellular differentiation during both development and diseases35. In contrast, studies 

have also shown the importance of EZH2 in different disease outcomes36. 
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1.5 Association of Cancer progression with EZH2 

The PRC2 dependent and independent roles of EZH2 in regulating tumorigenesis and 

cancer are well studied. Impaired EZH2 regulation results in altered gene expression and 

functions leading to cancer development and progression37. 

EZH2 has a known role in promoting cancer onset and progression via canonical 

pathway38. It occurs either by the activation of several oncogenes or inactivation of certain 

tumour suppressor genes via deposition of repressive trimethylation marks on lysine 27 

of histone H3 (H3K27me3)39. 

The non-canonical and histone methyltransferase independent role of EZH2 has been 

found to be associated with the onset and progression of various kinds of cancers. It acts 

as a transcriptional activator/coactivator via non-canonical pathway. It also has a GTP-

dependent function in the tumorigenesis and metastasis of melanoma cancer40. Mutations 

leading to overexpression of EZH2 has been observed in various cancer types such as 

prostrate, breast, melanoma, colon, lung, liver, endometrial cancer etc41. Overexpressed 

EZH2 is associated with disturbed migration, invasion, cell proliferation and apoptosis. 

Mutations leading to loss of function of EZH2 acts as tumor suppressor genes in various 

cancer types such as human T‐cell acute lymphoblastic leukaemia (T‐ALL)42–44 and 

myeloproliferative neoplasms (MPN)45 etc. 

 

1.6 Regulation of EZH2 via different PTMs 

Post-translational modifications (PTMs) of EZH2 contribute to its functional diversity and 

epigenetic regulatory mechanisms. Some of the known post-translational modifications on 
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EZH2 include Phosphorylation, Acetylation, methylation, Ubiquitination, SUMOylation and 

O-Glc NAcylation etc.- 

 

 

 

 

1.6.1 Phosphorylation   

Phosphorylation is a critical post-translational modification (PTM) occurring at serine 

(S)/threonine (T) sites on EZH2 which regulates its function as an epigenetic regulator. 

EZH2 has been shown to be phosphorylated by Akt46 and AMPK47, which leads to 

Figure 1.6.1- Role of different post-translational modifications on EZH2 
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suppression of its methyltransferase activity. Phosphorylation of EZH2 at Thr311 occurs 

by AMPK which affect its interaction with SUZ12 thereby abrogating its enzymatic activity 

that is related to increased activation of the TSGs and in turn hampering its oncogenic 

function47. Phosphorylation at serine21 of EZH2 by AKT accompanies with tumor 

recurrence and poor survival48. P38 mediated phosphorylation of EZH2 at T367 is also 

associated with its increased cytosolic translocation and further promoting metastasis 

during breast cancer 20.  

 It is reported that phosphorylation of EZH2 at threonine residues 34549,50 and 48750 by 

CDK1 is associated with ubiquitination followed by proteasome pathway degradation of 

the EZH2, that has an important role in regulating cell proliferation in several cancer types 

such as cervical and prostate cancer. Phosphorylation at these residues is responsible for 

maintaining different functions in different cell types. Apart from these residues 

phosphorylation at threonine positions T350, T372, T419, and T492 help in the association 

of the EZH2 with E3 ligase smurf2 marking it for its degradation48. 

It is also known that this post-translational modification on serine, threonine hampers the 

assembly of PRC2, suggesting that EZH2 along with Suz12 and EED mediated 

assembling of PRC2 is affected and ultimately causing the methyltransferase activity of 

EZH2 for histone to be completely altered. 

 

1.6.2 Ubiquitination 

Ubiquitination is a type of PTM that occurs through a protein known as Ubiquitin (Ub). Ub 

is a highly conserved protein consisting of 76 amino acid residues, crucial for marking 

target proteins for post-translational degradation. Ubiquitination, plays a pivotal role in 

regulating the stability, functions, and localization of modified proteins48. Ubiquitination is 

implicated in various functions and diseases, particularly in tumorigenesis and cancer 
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metastasis51. It involves a well-orchestrated cascade of enzymatic reactions dependent 

on three essential enzymes: an E1 ubiquitin activating enzyme, an E2 ubiquitin-

conjugating enzyme, and an E3 ubiquitin-ligating enzyme52. 

Ubiquitination of EZH2 leading to its degradation via proteasomal pathway is well known48. 

Praja1 and Smurf2, c-Cbl etc. act as certain kinds of E3 ligases responsible for the 

ubiquitination of EZH2 and ultimately marking it for its degradation. For eg-Praja1 

facilitates EZH2 protein degradation through the ubiquitination-proteasome pathway in 

breast cancer cell line suggesting that Praja1 promotes EZH2 degradation via K48-linkage 

polyubiquitination, thereby suppressing cell growth and migration in breast cancer. FOXP3 

is also associated with the acceleration of the transcriptional expression of Praja1, thereby 

promoting the degradation of EZH253,54. 

Smurf2 has also been shown to interact with EZH2 and mediate its ubiquitination-

proteasome degradation, with lysine 421 of EZH2 playing a crucial role in this process. 

Furthermore, the E3 ligase c-Cbl has been implicated in EZH2 ubiquitination and 

proteasomal degradation in breast cancer. β-TrCP, is linked to reduced EZH2 stability and 

H3K27me3 deposition in breast cancer cells through mediating EZH2 ubiquitination-

proteasome degradation55,56. 

Similarly, TRAF6 catalyzes the K63-linked polyubiquitination of EZH2, leading to 

decreased EZH2 and H3K27me3 levels in prostate cancer cells and patients56.  

A recent study also indicates that EZH2 degradation is governed by Hsp70‐interacting 

protein (CHIP)‐mediated ubiquitination57. Such ubiquitination of EZH2 essentially could 

regulate the degradation pathways that essentially can control the final protein expression 

level of EZH2 in head and neck cancer cells58.  

Deubiquitination is also a type of PTM but unlike ubiquitination, it facilitates targeted 

protein degradation with the help of Deubiquitinases (DUBs), also known as 
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deubiquitylases. They counterbalance this process by removing ubiquitin molecules from 

ubiquitin-labelled proteins or polyubiquitin chains, thereby enhancing the stability of 

targeted proteins56. DUBs play pivotal roles in cancer metastasis and tumorigenesis. For 

eg. - studies have reported ZRANB1 (also known as Trabid) a DUB which binds to EZH2, 

deubiquitinates it and maintains its stability, thereby promoting breast cancer 

tumorigenesis and metastasis59. Additionally, ubiquitin-specific protease 7 (USP7), also 

referred to as herpesvirus-associated ubiquitin-specific protease, has been shown to 

deubiquitinate EZH2, leading to its stabilization. Similarly, other studies have 

demonstrated that USP7-mediated EZH2 deubiquitination enhances the growth, motility, 

tumorigenesis, and metastatic invasive potential of prostate cancer cells60. 

It has also been demonstrated that ubiquitin-specific protease 36 (USP36) deubiquitinates 

EZH2 at the K222 site, thereby enhancing EZH2 stability in natural killer/T-cell lymphoma 

(NKTL)61.  

 

1.6.3 Acetylation 

Acetylation is one kind of a reversible PTM which is responsible for catalyzing a number 

of cellular processes like cell cycle, splicing, chromatin remodeling, actin nucleation and 

nuclear transport. Histone acetyltransferases (HATs) deposits acetyl groups at the specific 

lysine residues whereas histone deacetylases (HDACs) are responsible for the removal 

of the acetylation at the lysine residues. Acetylation of EZH2 at lysine residues can affect 

its stability and activity.  For eg- P300/CBP-associated factor (PCAF) an HAT acetylates 

EZH2 at lysine 348 (K348) leading to an increase in the stability of EZH2 without affecting 

the PRC2 assembly62. This acetylation is linked to increased suppression of the target 

genes and as a result increased invasion and cell migration in the lung cancer. SIRT1, an 

NAD-dependent protein deacetylase, when inhibited is associated with elevated EZH2 
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protein stability62,63. Cross talk between the two types of PTMs phosphorylation and 

acetylation are important for the regulation of a number of important TFs such as p53, 

FOXO1 and STAT148. 

 

1.6.4 SUMOylation 

Analogous to ubiquitination, there exists a PTM called SUMOylation, which involves the 

attachment of small ubiquitin-like modifier (SUMO) proteins to specific lysine residues on 

target proteins. SUMOylation works via a highly conserved enzymatic cascade akin to 

ubiquitination64. SUMO modifications are associated with adding a new docking site to 

target molecules, allowing them for novel protein-protein interactions via the SUMO 

interacting motif during signaling pathways. Although the SUMOylation of EZH2 has been 

associated with its activity in osteosarcoma cancer cell line, the specific SUMOylation 

residue on EZH2 and the molecular mechanisms underlying its involvement in 

SUMOylation remain elusive. 

The significance of SUMOylation in regulating the stability and function of EZH2 has been 

explored recently. Recent studies show that SUMOylation is associated with EZH2 

function through its expression but it do not alter its enzymatic functions. EZH2 regulation 

via SUMOylation involves SUMO modification of the transcription factor E2F1. Inhibiting 

SUMOylation reduces E2F1 binding to the EZH2 promoter, decreasing EZH2 expression. 

E2F transcriptional activators, are associated with cell cycle progression, and are 

negatively regulated by the tumor suppressor Rb protein. SUMOylation at certain EZH2 

lysine residues are associated with enhanced EZH2 stability and promotes EZH2-

mediated gene silencing65,66. Moreover, disruption of EZH2 SUMOylation impairs its 

oncogenic activity, highlighting its importance in modulating EZH2 function in cancer 

cells66. 
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While the precise mechanisms and functional consequences of EZH2 SUMOylation are 

still being elucidated, emerging evidence suggests that SUMOylation plays a crucial role 

in modulating EZH2 stability, activity, and transcriptional regulation, particularly in the 

context of cancer. 

 

1.6.5 Methylation 

 It is also an important type of PTM that acts by depositing the methyl groups on the lysine 

and arginine residues of the histone and non- histone proteins. For eg- A study in 2019, 

unveiled that SMYD2-mediated EZH2 di-methylation at lysine 307 (K307) heightens its 

stability within breast cancer cells. This methylation process can be reversed by the 

histone H3K4 demethylase LSD167. EZH2-K307 di-methylation was observed to spur the 

proliferation and invasion of breast cancer cells by streamlining EZH2 recruitment to 

chromatin and subsequent transcriptional repression of target genes62,67. Also, SETD2 

methylates EZH2 at K735, thereby triggering EZH2 degradation and impeding prostate 

cancer metastasis. It illustrated that SETD2-mediated EZH2-K735me1 fosters the binding 

of the E3 ligase Smurf to EZH2, culminating in its degradation68. Furthermore, recent 

research unearthed that PRMT1-mediated R342-EZH2 asymmetric di-methylation 

(ADMA) bolsters EZH2 stability and fuels breast cancer metastasis69.  

 

1.6.6  O-Glc NAcylation 

O-GlcNAcylation is a dynamic and reversible PTM, that is regulated by the enzyme O-

linked N-acetylglucosamine transferase (OGT) which deposits O-linked N-

acetylglucosamine (O-GlcNAc) at the side chain hydroxyl group of serine or threonine 

residues62 . O-GlcNAcylation of EZH2 has been implicated in regulating its stability and 

function, although the exact mechanisms remain to be fully elucidated. For eg- Recent 
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studies showed that OGT-mediated O-GlcNAcylation at serine 75 on EZH2 aids in the 

stability of the EZH2, and the PRC2 complex in turn formulates the deposition of 

H3K27me3 marks on PRC2 target TSGs in breast carcinoma70.  O-GlcNAcylation of EZH2 

on serine residues 73, 84, 87, 313, and 729 aid in maintaing the stability of EZH2 and 

maintaing its association with the PRC2 complex. Also, the O-GlcNAcylation at S729, 

which resides in the SET domain of EZH2 increases the methyltransferase activity and 

facilitates the deposition of theH3K27me2/3 marks on the target gene71.  

These PTMs collectively regulate the activity, stability, and subcellular localization of 

EZH2, thereby influencing its function in epigenetic regulation. Further studies are 

required to fully understand the dynamics and functional consequences of these PTMs in 

the context of EZH2-mediated gene regulation and their relevance in health and disease. 

As despite the identification of few of these post-translational modifications of EZH2, it's 

regulation of methyltransferase activity, localization and degradation through unique 

PTMs still remain elusive. 

 

1.7 Role of Nitric Oxide 

NO is a versatile free radical that mediates numerous biological functions by selective 

modification of protein at cysteine residues. NO is an important signalling molecule 

responsible for many different cellular and organ functions. It has a widespread role due 

to its high ability to diffuse across membranes and its specific interactions with target cell-

response proteins as well as the metalloproteins72. There are many ways by which NO 

regulates the physiology and pathophysiology of our body like through protein kinase 

activity or redox interactions with thiols, or its interactions with metal centre containing 

proteins7374.  
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NO is a highly labile molecule with a short half-life of less than 1 sec75 thereby making its 

direct measurement a difficult task. It is rapidly oxidized by oxyhaemoglobin to nitrate and 

nitrite in the blood. Hence, NO produced in vivo is measured by the concentration of its 

metabolites76. 

Nitrosylation is a crucial post-translational modification mediated by NO which impacts 

various physiological and pathological processes. It operates through either the canonical 

or the non-canonical pathways, each influencing protein function in distinct ways. 

1.7.1 Canonical Pathway 

 In the canonical pathway, NO directly interacts with target proteins, forming S-nitrosothiol 

bonds (S-nitrosylation). This reversible post-translational modification modulates protein 

activity, localization, and stability. Enzymatic/Canonical NO production occurs via NO 

Synthase (NOS) that leads to the conversion of L-arginine to L-citrulline and NO, where 

oxygen and NADPH act as cofactors77.  NO synthesis, catalysed by this NO synthases 

(NOS) from L-arginine, precedes target protein interaction. It also regulates diverse 

cellular processes by modifying protein conformation and function. For eg- Enzymes like 

S-nitrosoglutathione reductase (GSNOR) and thioredoxin regulate S-nitrosylation 

dynamics by catalysing denitrosylation and restoring the original protein structure and 

function78 .In our body NO production occurs majorly through the enzymatic and minorly 

through non-enzymatic/ non-canonical pathway. 

NOS has three isoforms- endothelial NOS (eNOS or NOS3), neuronal NOS (nNOS or 

NOS1) and inducible NOS (iNOS or NOS2). Out of these 3 isoforms, NOS1 and NOS3 

are regulated by intracellular Ca2+/calmodulin and is constitutively expressed whereas 

NOS2 which is Ca2+ independent is an inducible isoform. NOS2 is expressed during 

stress/inflammatory conditions by macrophages and other tissues72,74.  
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The cofactors present for NOS include essentially Tetrahydrobiopterin (BH4) and others 

include flavin adenine dinucleotide (FAD), flavin mononucleotide (FMN) and heme.NO 

once produced from NOS reacts with various cofactors BH4, FAD, FMN and heme which 

leads to the formation of compounds with increased stability like tetrahydrobiopterin 

(THB), S-nitrosothiols, peroxynitrites and metal adducts etc. which have important roles 

to play in the physiological functions in our body74,79.  For e.g. THB is required for the 

biosynthesis of key aromatic amino acid hydroxylase enzyme precursors which are a 

prerequisite for the production of important neurotransmitters for signalling like 

epinephrine, dopamine, serotonin, and melatonin77. 

1.7.2 Functions of Isoforms of NOS 

1.7.2.1 NOS 1& NOS 3 

Mitochondrial oxygen consumption, leucocyte adhesion and platelet aggregation, are few 

important roles played by NOS 1& 3. NOS 1 i.e. nNOS is involved in neural transmission. 

NOS3 i.e. eNOS which is also constitutively expressed is found in normal vascular 

endothelium74,75. In the vascular smooth muscles, they are responsible for maintaing 

vascular tone as well as blood flow. Irregularities as well as abnormalities leading to NO 

production and transport results in cardiovascular disorders such as atherosclerosis, 

angiogenesis related disorders and hypertension as well as endothelial dysfunction79,80. 

Conditions such as like diabetes, hypercholesterolaemia and hypertension result in 

uncoupling of NOS3 which responds to low L-arginine or BH4 concentrations by forming 

superoxides81,82. NO is responsible in regulating many processes in brain such as cellular 

redox state, neuronal survival, angiogenesis and blood flow etc83. Additionally, NO is also 

responsible in regulating numerous physiological roles in brain affecting behaviour and 

cognitive functions84.  
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1.7.2.2 NOS2 

NOS2 production of NO occurs in many inflammatory and degenerative conditions85 such 

as metabolic hypoxia, atherosclerosis, oxidative stress or during vasodilation or septic 

shock in cells75 etc. NOS2 is responsible in promoting atherosclerosis either directly or 

indirectly through NO adducts formation, eg. peroxynitrite. It  is also associated with the 

activation of macrophages leading to the production of NO in these cells and ultimately 

helping in the cytotoxic functions performed by these cells75,86. 

1.7.3 Non- Canonical Pathway 

In addition to the canonical pathway, there are non-canonical mechanisms of nitrosylation, 

wherein NO can indirectly influence protein nitrosylation through intermediary molecules 

or processes. The Non-enzymatic NO production occurs mainly through nitrite formation 

via various different pathways to produce NO under ischemic conditions where normal NO 

production from NOS is affected75. These include- 

1. Metal-Catalyzed Nitrosylation: NO can interact with transition metal ions, such as 

iron (Fe) or copper (Cu), leading to the formation of metal-nitrosyl complexes. These 

complexes can subsequently transfer the NO group to nearby cysteine residues on 

proteins, resulting in S-nitrosylation78,87. 

2. Transnitrosylation: In transnitrosylation, NO is transferred from a donor SNO to a 

recipient protein cysteine residue, mediated by transnitrosylase enzymes or through 

protein-protein interactions. This process allows for the propagation of S-nitrosylation 

signals across different proteins78. 

3. Heterogeneous Nitrosylation: Heterogeneous nitrosylation involves the formation of 

SNOs on proteins indirectly via reaction with nitrosylating agents or reactive nitrogen 
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species (RNS), such as peroxynitrite (ONOO-) or nitrous acid (HNO2). These RNS 

can nitrosylate proteins by mechanisms independent of direct NO interaction78. 

1.8 Role of NO in Disease and Development 

Deprivation of NO is a main contributor to endothelial dysfunction which leads to diabetes-

associated diseases and disorders like cardiovascular disease88, myocardial infarction, 

atherosclerosis etc79. Extreme low or high concentrations of NO are both associated with 

malfunctions of different physiology in our body. 

In low concentrations, NO is responsible for the regulation and maintenance of normal 

mammalian and human physiology. Elevated NO levels are associated with damage and 

dysfunction of the normal physiological processes occurring in our body. Regulating the 

amount of NO is a therapeutic target for maintaining the active physiology of the body89. 

Maintaining the amount of NO production and avoiding low NO levels is important for 

maintaining the vasculature and protection against vascular diseases. Regulation of the 

excessive increase in inducible NO production is also important and can act as an 

important factor. Dietary factors also have the potential to modulate NO production, with 

substrate bioavailability playing a crucial role. While arginine is a primary precursor for NO 

synthesis, citrulline supplementation presents itself as a promising alternative89,90. Future 

research aimed at expanding our understanding of NO production regulation by different 

nitric oxide synthase (NOS) isoforms and its accurate measurement at the organ level is 

essential for developing effective therapies. Additionally, investigating the interrelation 

between arginine, citrulline, and glutamine in NO production regulation, as well as 

exploring the interaction and potential synergy among various dietary factors affecting NO 

production, requires further study. Such efforts will contribute to the optimization of dietary 

strategies aimed at enhancing NO levels and promoting overall health89,90. 
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The optimum level of NO at a particular location depends on the physiological system in 

which it is found or the impact made by NO molecules in a particular mechanism and 

biochemical environment. For eg, Higher levels of NO concentrations are related to Akt 

phosphorylation, and ranges between 300 to 800 nM of NO are related to the stabilization 

of p53 and HIF-1 α. NO• concentrations of (<100 nM), lead to the activation of cGMP-

dependent protein kinase (PKG) and extracellular signal-regulated kinase (ERK). Higher 

levels of NO apart from these ranges result in the activation of the nitrosylation and 

oxidative processes which in turn start stressful cellular events. This also leads us to 

conclude the importance of the biochemical content of the microenvironment in which NO 

occurs, depending on which the role of NO can be varied, it can either have a protective 

or toxic role91. 

1.9 NO and Cardiovascular Diseases 

NO is an important molecule for the cardiovascular system which acts as a key 

determinant of basal vascular tone. Cardiovascular disease encompasses various 

disorders such as hypercholesterolemia, hypertension, and diabetes. Atherosclerosis, a 

common underlying pathology in many cardiovascular conditions, is closely linked to 

endothelial dysfunction77,80. 

NO is also known to exert various cardioprotective functions, such as the regulation of the 

blood pressure and vascular tone, prevention of platelet activation and aggregation. It also 

limits leukocyte adhesion to the endothelium, and regulates the myocardial contractility92. 

However, the role of NO extends beyond maintaining physiological functions, as it also 

contributes to the pathogenesis of common cardiovascular disorders such as 

hypertension, reperfusion injury, atherosclerosis, and myocardial depression associated 
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with septic shock93. Any alterations in NO levels or activity can contribute to the 

development and progression of cardiovascular related dysfunction and pathology81,82. 

In essential hypertension, dysregulation of NO production can lead to impaired 

vasodilation and increased vascular resistance, contributing to elevated blood pressure 

levels. Similarly, in reperfusion injury, inadequate NO production or bioavailability during 

the restoration of blood flow to ischemic tissues can worsen the tissue damage through 

oxidative stress and inflammation93,94. 

During myocardial depression associated with septic shock, dysregulated NO production 

contributes to cardiovascular collapse and myocardial dysfunction. Excessive NO 

production, often induced by inflammatory mediators, can lead to vasodilation, 

hypotension, and impaired myocardial contractility, contributing to the development of 

shock and organ dysfunction in sepsis94.The condition atherosclerosis is characterized by 

the buildup of plaque in arterial walls, which is influenced by NO dysregulation93. 

 NO has a known role in maintaining endothelial function and preventing endothelial 

dysfunction. Decreased NO availability is associated with impaired endothelial function 

which occurs during the early stages of atherosclerosis development and progression77. 

Overall, dysregulation of NO production represents a common pathological mechanism 

underlying various cardiovascular disorders. Understanding the intricate balance of NO 

signaling in health and disease is crucial for developing targeted therapeutic interventions 

to mitigate the adverse effects of NO dysregulation and improve cardiovascular 

outcomes89. 

 

1.10 Role of NO in the Tumour Growth 
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The role of NO in the growth and development of tumors is well studied. NO has emerged 

as a molecule with multifaceted and often contradictory roles in tumor biology and growth. 

Higher levels of NO production are a culprit in maintaining the vascular tone of the blood 

vessel system of the tumors and promoting neoplastic transformation as well as tumor 

angiogenesis95, Long term exposure to higher concentrations of NO also regulates 

inflammation along with tumor growth and metastatic behaviour96. 

Many studies involving cancer patients have shown that NO is associated with decreasing 

the NO synthesis, leading to vasoconstriction as well as increasing the blood flow to the 

tumours leading to an increase in blood pressure97.  

Exogenously produced NO such as from smoking forms N-nitrosamines and N-

nitrosamides and is a contributor to head and neck cancers by causing subcellular 

damage98. Depending on the microenvironment ROS can play a dual role of either being 

a protector through eliminating microorganisms and malignant cells or a pathological 

contributor of NO reactions with oxygen. Elevated levels of ROS are linked to ROS and 

NOS which are associated with abrogating normal cellular physiology of cells by affecting 

transcription and translational processes, inhibiting antioxidants levels or by causing DNA 

damage96.  DNA damage is associated with the activation of defensive apoptotic systems 

such as the increase in p53 or inhibiting caspase activation leading to the induction of the 

normal apoptosis of the cell. It is also associated with forbidding apoptosis in various cell 

types as well as in tumour cells95. 

1.11 Role of NO in regulating other Disorders 

NO also has a role in regulating diseases such as sepsis, trauma, nutrition deficiency etc. 
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1.11.1 Sepsis and Trauma: In patients with sepsis or traumatic injuries, there's a 

noticeable decrease in the levels of stable isotopes of NO, such as arginine and citrulline. 

This decline is attributed to reduced arginine production and lower citrulline levels. To 

maintain adequate NO production, supplementation with arginine and citrulline becomes 

imperative. Research conducted on macrophages indicates that while NO production is 

limited by arginine availability, citrulline supplementation effectively restores NO levels in 

environments lacking arginine. Interestingly, glutamine has been found to impede 

citrulline-mediated NO production. Thus, citrulline supplementation emerges as a potential 

therapeutic strategy to replenish NO levels in conditions characterized by arginine 

deficiency, such as trauma or surgery. Although plasma levels of the endogenous NOS 

inhibitor NG-methyl-L-arginine (ADMA) exhibit wide variations in sepsis patients, they do 

not directly correlate with NO production. However, higher ADMA levels are associated 

with increased mortality in sepsis93,99. 

1.11.2 Undernutrition in Children and Neonates: Children suffering from severe 

undernutrition display comparable NO production to that observed during recovery, 

despite experiencing lower plasma arginine levels and reduced arginine flux. Studies 

conducted on neonatal pigs fed an arginine-deficient diet suggest that NO production is 

influenced by arginine availability99. 

1.11.3 Vascular diseases: Arginase could act as a potential therapy to modify arterial 

response to injury and may offer promising interventions in the treatment of vascular 

diseases. Pharmacological inhibition of arginase activity has shown potential benefits in 

increasing NO production and improving vascular function in animal models of 

spontaneous hypertension, thereby suggesting potential therapeutic avenues. Moreover, 

L-arginine therapy has been proposed as a means to disrupt the cycle of low NO observed 
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in hypertension. Elevated levels of homocysteine have been found to exhibit a strong 

inverse correlation with NO production, particularly mediated by NOS3. Additionally, 

reduced NO production due to BH4 deficiency contributes to impaired insulin action in the 

vasculature of obese and diabetic individuals93,99. 

 

1.12 Importance of Nitrosylation in Endothelial Cells 

eNOS in EC is responsible in regulating endothelial homeostasis. Endothelial 

homeostasis is a complex process that encompasses both acute responses and more 

sustained reactions to various stimuli. Acute responses involve the adaptation of blood 

flow to meet the demands of the surrounding tissues. Meanwhile, more sustained 

responses occur in the context of injury, such as re-endothelialisation and the sprouting 

of EC, as well as the attraction of circulating angiogenic cells (CAC). These sustained 

responses are crucial for the repair and restoration of damaged endothelium, thereby 

maintaining vascular integrity and function99. 

In EC, cellular NO signalling is essential for endothelial survival and migration. NO is 

known to be an important constituent of endothelium-derived relaxing factor EDRF. It does 

so by either conventionally regulating the canonical pathway or the non-canonical 

pathways or both. In canonical pathways, NO activity occurs via the regulation of soluble 

guanylyl cyclase, which in downstream governs the level of cGMP, thereby regulating 

further downstream signalling100. 

NO works via nitrosylation of different proteins at different residues (majorly through 

nitrosylation of cysteine, methionine and tyrosine residues), through the non-canonical 

pathway, thereby determining the important role and functions of these proteins101,102  
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Though it is well entrenched that NO treatment alters endothelial gene expression, NO is 

yet to be established as a direct regulator of epigenetic processes. There are a few studies 

which have shown that either through the regulation of the cGMP-Protein kinase G (PKG) 

axis or coordinating nitrosylation of the transcription factor, NO can alter gene 

expression103. 

 

1.13 Role of NO as a PTM 

The discovery of over 200 reversible protein post-translational modifications (PTMs) has 

significantly enriched our understanding of the proteome, allowing proteins to fulfil a 

diverse array of functions beyond their genetic coding. PTMs are known to typically target 

specific amino acid residues within conserved motifs. Different types of PTMs target 

different amino acid residues residing at specific locations within the conserved domains 

leading to an aid or prevention of the protein functions. In this regard, redox signaling has 

rapidly emerged as a pivotal regulator of protein functionality which is responsible in 

influencing various physiological roles and processes104.  

NO, is a small gaseous molecule, that serves as a central mediator in redox signalling. 

NO has the ability to directly alter target proteins through post-translational modifications 

(i.e. through non-canonical pathway), with three of these modifications being particularly 

significant87,104. The first involves the interaction of the NO moiety with metalloproteins, 

known as metal nitrosylation. The second modification involves the alteration of tyrosine 

residues within proteins by NO, leading to the formation of 3-nitrotyrosine. Lastly, NO can 

induce the formation of nitrosothiol groups on cysteine residues of target proteins, a 

process referred to as S-nitrosylation. NO primarily exerts its effects through S-

nitrosylation i.e. the addition of a NO moiety to mostly cysteine (Cys) sydryl/thiol groups, 
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forming S-nitrosothiols (SNO)78,87. Recent findings have also proved that NO plays a 

pivotal role as a PTM in coordinating the physiological processes105.  

 Like many other PTMs, S-nitrosylation of cysteine residues of different proteins impacts 

their function, stability, and cellular localization106. However, whether EZH2 is regulated 

by S-nitrosylation has never been explored previously. Although NO signalling is well 

known to alter gene expression changes, which is partly responsible for its downstream 

functioning of different cells is yet to be established as a direct regulator of epigenetic 

processes such as histone methyltransferase EZH2.  

 

1.14 Gaps and Objectives 

 

EZH2 is responsible for regulating the epigenetic process through the catalysis of 

repressive H3K27me3 marks in EC and its importance in different disease outcomes 

including its role in chronic diseases is well studied. NO, a versatile bio-active molecule 

that is also endogenously produced by EC through endothelial nitric oxide synthase 

modulates cellular function through diverse mechanisms including S-nitrosylation of 

proteins. However, the role of this post-translational modification in regulating epigenetic 

pathways specifically in EZH2 and the PRC2 complex was never explored. Through, the 

proposed study, we expect to establish the role of S-nitrosylation of cysteine residue(s) of 

EZH2 protein in regulating its function as an epigenetic modulator, thereby proving the 

role of NO as a direct modulator of epigenetic processes. Indeed, we believe that this 

study will open up a new area of research to understand how NO release through 

eNOS/nNOS/iNOS in different and versatile cell types could modulate epigenetic 

processes thereby altering the epigenetic landscape of a cell when the level of NO is 

changed in these cells. Furthermore, the proposed study will open up new areas of 
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research to understand how globally NO could possibly regulate other histone-modifying 

enzymes, including HDACs, HATs, HMTs, KDMs and other epigenetic modulators to 

directly interplay with the epigenetic landscape of a cell.  

However, if such NO-dependent gene expression changes are the cause of NO’s direct 

effect on the epigenomic landscape of the cells is needed to be confirmed. In the present 

proposal, we proposed experiments, that essentially will address whether NO-mediated 

post-translational modification of histone methyltransferase EZH2 could control EZH2 

catalytic activity, localization, and stability.  

 

 

Figure 1.14.1- Flow diagram showing the gaps in the research. 
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Objective 1: Identifying and validating new post-translational modification of Enhancer of 

Zeste Homolog 2 through in silico and experimental analysis.  

Objective 2: Understanding the effect of the post-translational modification on EZH2 stability 

and localization.  

Objective 3: Exploring the effect of nitrosylation of EZH2 on its catalytic activity and epigenetic 

regulation.  

                  

 

 

 

 

 

 
 

 

 

 

 

 



42 
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Materials and Methods 
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2. MATERIALS AND METHODS: 

2.1 Cell culture 

Experiments were done primarily in EA. hy926 (immortalized human umbilical vein 

endothelial cell), purchased from ATCC, Manassas, USA (#CRL-2922). The cells were 

cultured in Dulbecco's modified Eagle's medium (DMEM) (#AL006A; HiMedia 

Laboratories) supplemented with 10% fetal bovine serum (#RM1112, FBS; HiMedia 

Laboratories) and 1% penicillin/streptomycin (#10378, PS; Gibco). The cells were 

passaged every 2-3 days. Human umbilical vein EC (HUVEC) (#CL002-2XT25, Hi 

Media Laboratories) were cultured and passaged using HiEndoXL™ EC Expansion 

medium (#AL517, HiMedia Laboratories) along with 4%growth factor, 5% fetal bovine 

serum and 1% penicillin/streptomycin antibiotic. Human Embryonic Kidney (HEK-293) 

cell line was a kind gift from Prof. Uma Dubey (Department of Biological Sciences, 

Birla Institute of Technology and Science Pilani, Pilani Campus, India) was maintained 

in Minimum Essential Media Eagle (MEM) (#AT154; HiMedia Laboratories). All the 

cells were maintained at 37 ° C with 5% CO2 in a humidified incubator. 

2.2 Inducers and Inhibitors 

Sodium Nitroprusside dihydrate (SNP, 500 µM) (#71778, Sigma 514 Aldrich) was used 

as an exogenous donor of NO in our experiments. Natural induction of NO was 

activated using 10 µM of Bradykinin (BK) (#B3259; Sigma Aldrich). Inhibition of NO in 

cell system was achieved by treating the cells with Nω-Nitro-L-arginine methyl ester 

hydrochloride (L-NAME, (1 mM) (#N5751; Sigma Aldrich) which is an analog of 

arginine. Bafilomycin A1 (100 nM) (#11038; Cayman Chemicals) was used as an 
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autophagy Inhibitor. MG132 (1 µM) (#M7449), a proteasomal inhibitor was from Sigma 

Aldrich. GSK J4 (5 µM) (#SML-0701), a H3K27me3 demethylase inhibitor was from 

Sigma Aldrich. 

2.3 Griess Assay 

Cells grown to 85% confluency in the 96 well plate, were provided treatment 

conditions, following which the cells were washed with sterile1xPBS. This was 

followed by addition of 50 ul of Sulfanilamide Solution (prepared by diluting 1% 

sulfanilamide in 5% phosphoric acid) to all the samples. This sample was then 

incubated for 10 mins in dark at RT. 50 ul of NED solution( prepared by diluting 0.1% 

N-1-napthylethylenediamine dihydrochloride in water) was then added to each well 

followed by incubating again in dark conditions for 10- 15 mins. The absorbance was 

measured at 540nm. 

2.4 Immunoblotting 

 Cells grown to 80% confluency were provided treatment conditions followed by 

washing with sterile1xPBS. They were then incubated in RIPA buffer (#9806; Cell 

Signaling Technology) containing protease inhibitor for lysis after washing with sterile 

1X PBS. After scraping, the cells were subjected to repeated cycles of sonication for 

10 s (×2). This was followed by a centrifugation step at 10,000 g for 10 min to pellet 

down the cell debris and collect the supernatant. Protein 550 quantification was done 

by Bradford assay. After this, the protein samples were mixed with 5× laemmli buffer 

and heated at 100°C for 10 mins. They were then processed for SDS polyacrylamide 

gel electrophoresis with 10–250 kDa prestained protein ladder (#PG-PMT2922; 



45 
 

Genetix) used for molecular weight reference. Proteins were transferred onto a 

nitrocellulose membrane (Bio-Rad) at 15 V, 2.5 A for 35 min. The membrane was 

blocked with 5% skimmed milk for 1 h. The membrane was incubated overnight at 4°C 

with the primary antibodies: EZH2 mAb (1:1000; #5246), JARID2 Rabbit mAb (1:1000; 

#13594), SUZ12 Rabbit mAb (1:1000; #3737), EZH1 Rabbit mAb (1:1000; #42088), 

EED Rabbit mAb (1:1000; #51673), AEBP2 Rabbit mAb (1:1000; #14129). H3K27me3 

(1:1000), UTX (1:1000), JMJD3 (1:1000), HA‐Tag Rabbit mAb (1:500; #3724), 

GAPDH Rabbit mAb (1:2000; #5174), β-actin (1:2000; #3700), H3 Rabbit 

mAb(1:2000, #4499) (Cell Signaling Technology), S-Nitrocysteine mAb (1:500; 

#94930) Ubiquitin mAb(1:1000;#3933). Afterward, the blots were washed with TBS-

T(x3) and incubated with a secondary peroxidase‐conjugated antirabbit or mouse IgG 

antibody (1:2000) (#7074 or #7076, Cell Signaling Technology) overnight. These 

conjugation reactions were detected using the Clarity™ (#1705061) or Clarity™ Max 

Western ECL Substrates (#1705062) (Bio‐Rad). 

2.5 Cyclohexamide Chase Assay 

Cyclohexamide chase experiment was performed to block cellular translation in order 

to inhibit the synthesis of any new proteins. For this, EAhy926 cells, grown to 80% 

confluency were pre-treated with 100µg/ml cycloheximide(#239764, Merck) for 4 

hours, this was followed by GSNO exposure for 2 hours and the cells were then 

harvested for immunoblot studies.  

 

 



46 
 

2.6 Subcellular fractionation 

Following the treatment with SNP for the given time point conditions, EA. hy926 cells 

were washed with phosphate‐buffered saline (PBS) followed by scraping. The cell 

pellet was resuspended in ice‐cold PBS containing 0.1% Nonidet P‐40 (NP‐40) and 

1% protease inhibitor (#P8340; Sigma Aldrich) following centrifugation. After 10 mins 

of centrifugation, the supernatant was collected as the cellular and cytoplasmic 

fraction, and the nuclear fraction was further pelleted down. The cellular and nuclear 

lysate obtained was sonicated for 10 s (×2) followed by Immunoblotting experiments. 

2.7 Coimmunoprecipitation Experiments 

Protein extraction was carried out using 1x RIPA buffer. After washing the Dynabeads 

(SureBeads™ Protein A Magnetic Beads, #1614013, BioRad) in PBS-T(x3), they were 

preincubated with the EZH2 mAb, Ha Tagged mAb, ubiquitin mAb or S-Nitrocysteine 

mAb (1:50) for 2hrs. The beads were then washed and incubated overnight with a 

protein cell lysate containing 1000 μg of total protein for pulldown of the desired protein 

from the cell lysate. The cell lysate was then heated at 70° C for 10 mins and 

magnetized to be separated from the beads. This was then 585 processed for 

immunoblotting experiments. 

2.8 RNA Isolation, cDNA Synthesis and qPCR 

Reverse transcriptase-quantitative polymerase chain reaction (RT-qPCR) was 

performed to measure different gene expressions at the transcription level. Upon 

reaching 80% confluency EA. hy926 cells underwent GSK-J4 treatment for 4 hr 
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followed by SNP exposure for 2hrs. After that, RNA was isolated from the cells using 

Trizol Reagent (#15596, TRIzol™ Reagent; Life Technologies, Thermo Fisher 

Scientific). RNA isolation was succeeded by cDNA preparation from 1μg of total RNA 

using iScript™ cDNA Synthesis Kit (#1708891; Bio-Rad Laboratories, Hercules, CA, 

United States). The quality and quantity of the RNA was measured using a Nano-Drop 

spectrophotometer (SimpliNano; GE Lifesciences). Before cDNA synthesis, DNA 

contamination was removed by pre-treating isolated RNAs with the DNase. This was 

followed by Real-time PCR where iTaq™ Universal SYBR® Green Supermix 

(#1725124; Bio-Rad Laboratories) was used with a total master mix volume of 10 μl 

and GAPDH was taken as the housekeeping gene. Data analysis was done by 

calculating delta-delta Ct. Details of the primers are as given in Table 2.6.1. 

                         Details of the primers for qPCR analysis are as follows- 

Primer Name Sequence (5'->3') 

KDR Forward CCTCCTTCTCTAGACAGGCG 

KDR Reverse CCTCTGTCCCCTGCAAGTAA 

TBX20 Forward ACAGCCTCATTGCTCAACCT 

TBX20 Reverse GCTCTCCACACTTTCCCTCT 

VEGFAa Forward GGCCAGCACATAGGAGAGA
T 

VEGFAa Reverse ACGCTCCAGGACTTATACCG 

MMP2 Forward CTACTGAGTGGCCGTGTTTG 

MMP2 Reverse TCCCTGAGGTTCTCTTGCTG 

TIE 1 Forward CAGCCTCTACCCTTAGCTCC 

TIE 1 Reverse AAAGGCCGAAGTCTGCAATC 

TEK Forward TGGACAAGAGGGATGCAAGT 

TEK Reverse TGCCTTCTCTCTCACACTGG 

FGF2 Forward AGTCTTCGCCAGGTCATTGA 

FGF2 Reverse CCTGAGTATTCGGCAACAGC 
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Angiopoietin2 
Forward 

GTGTCCTCTTCCACCACAGA 

Angiopoietin2 
Reverse 

TCAGCCTCGGGTTCATCTTT 

 

                                        Table2.6.1- List primers for qPCR analysis 

2.9 Immunofluorescence and Confocal Microscopy 

 Following SNP treatment in EA. hy926 & transfected HEK-293 cells were fixed using 

2% paraformaldehyde (10 mins). The coverslips were then treated with 0.1% Triton X‐

100 (5 min) for permeabilizing the cells. Blocking was done with 2% bovine serum 

albumin (BSA) for 60 mins at room temperature. Afterward, cells were incubated with 

primary antibodies EZH2 Rabbit mAb (1:1000) or HA-tag (Alexa Fluor™ mAb 647 

Conjugate) (1:2000; #37297) overnight at 4°C. The cells were co stained with Alexa 

Fluor™ Plus 480 conjugated antirabbit IgG secondary antibody (1:4000; #A32732) 

(Thermo Fisher Scientific) for 1 h followed with phalloidin for staining F-actin (1:5000; 

#A22287 or #A12379, Thermo Fisher Scientific) for 30 min. At last, the cells were 

stained with 1 μM of DAPI (#D9542; Sigma-Aldrich) for 10 min for nuclear staining. 

Imaging was done using Zeiss Apotome 2.0 microscope (Carl Zeiss) and fully Spectral 

Confocal Laser Scanning Microscope (#LSM 880Carl Zeiss). 

2.10 Ex vivo experiments using rat aortic tissues 

 The Institutional Animal Ethics Committee of BITS Pilani, Pilani Campus approved all 

experimental procedures for the rodent studies. Ex vivo experiments were done using 

Male Wistar rats aged 12–16 weeks. After giving anaesthesia, the rats were dissected 

from the ventral end. PBS was used to perfuse the heart and aorta, eliminating blood 

cells from the vessels. The primary aortas were then collected, and the fatty tissue 
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layers were removed carefully. For acquiring the aortic explants, the aorta was cut in 

a size of 4-5 mm cylindrical pieces. Following a PBS wash, the explants were cultured 

in HiEndoXL™ EC expansion medium and incubated in the complete growth medium 

for 12 hrs before initiating the treatment. Afterward, the tissue fractions were 

homogenized and subjected to sonication after suspending them in RIPA lysis buffer. 

The protein was estimated using Bradford assay followed by immunoblotting studies. 

2.11 Biotin Switch Assay 

 EA. hy926 cells or EZH2 WT/mutant overexpressing HEK-293 treated with NO donor 

SNP (500 μM) for 2 hours were processed with the help of a Biotin Switch Assay kit 

(Abcam) using the standard manufacturer protocol. With this, all the "S-NO" (S-

nitrosylated) groups were replaced with Biotin, forming an S-Biotin complex, which 

was detected by incubation with the streptavidin bound HRP reagent. After this, the 

samples were immunoprecipitated with EZH2 specific antibody using the above 

mentioned protocol. This was followed by dot blot and immunoblotting experiments for 

the detection of the S-nitrosylation of the EZH2 protein. 

2.12 Scratch wound healing Assay 

EA. hy926 cells were grown in a 24-well plate. They were pre-treated with GSK-J4 for 

4 hrs following SNP treatment at regular intervals(0-24hrs) to measure the wound 

healing under different treatment conditions or in combination. Imaging was done at 

definite intervals to calculate the wound healed by cell migration. The wound was 

created in a straight line. Another perpendicular wound to the first one was drawn to 

create a cross-shaped wound using a 1mm microtip. 
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2.13 Detection of S-Nitrosylation using iodoTMT labelling ™ Reagent 

 EZH2 recombinant protein (#MBS2097714, MyBioSource) were treated with GSNO 

(100μM) for 30 mins. The samples were then processed for iodoTMT labelling with 

Pierce TM S-Nitrosylation Western Blot kit (#90105, Thermo Fisher Scientific™). A 

total of 5μg/ml of EZH2 recombinant protein sample was prepared for both control and 

GSNO treated conditions in 100μl of HENS Buffer. Next, MMTS was added to each, 

following vortexing for 1 min and incubating it at room temperature for 30 mins to block 

all free thiols. The protein was then precipitated by adding 600μl of pre-chilled (-20°C) 

acetone and freezing the samples at -20°C for 1 hr for MMTS removal. The samples 

were centrifuged at 4°C for 10 minutes (at 12000g). The tubes were inverted to decant 

the acetone and the white pellet was dried for 10-15 mins. The pellet was resuspended 

in 100μl of HENS Buffer 658 and 2μl of the iodoTMT zero labelling reagent was added 

followed by the addition of 4μl of 1M sodium ascorbate and vortexing briefly to mix and 

incubating it for 2 hrs at room temperature. The samples were then processed for 

immunoblotting experiments with anti-TMT antibody. 

2.14 Sample Preparation for Mass Spectroscopy analysis 

EA. hy926 cells were treated with GSNO (100μM) for 30 mins followed by lysis with 

RIPA buffer. Protein extraction was carried out using 1x RIPA buffer. After washing 

the Dynabeads (SureBeads™ Protein A Magnetic Beads, in PBS-T(x3), they were 

pre-incubated with the EZH2 mAb, (1:50) for 2hrs.The beads were then washed and 

incubated overnight with a protein cell lysate containing 1000ug of total protein for 

pulldown of EZH2 from the cell lysate. The cell lysate was then heated at 70° C for 10 

mins and magnetized to be separated from the beads. Dynabead bound 
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immunoprecipitated proteins were eluted by heating the samples in 1X PBS. Eluted 

protein per sample was used for digestion and reduced with 5 mM TCEP and further 

alkylated with 50 mM iodoacetamide and then digested with Trypsin (1:50, 

Trypsin/lysate ratio) for 16 h at 37 °C. Digests were cleaned using a C18 silica 

cartridge to remove the salt. Protein per sample was used for digestion and reduced 

with 5 mM TCEP and further alkylated with 50 mM iodoacetamide and then digested 

with Trypsin (1:50, Trypsin/lysate ratio) for 16 h at 37 °C. Digests were cleaned using 

a C18 silica cartridge to remove the salt and dried using a speed vac. The dried pellet 

was resuspended in buffer A (2% acetonitrile, 0.1% formic acid). 

 2.15 Mass Spectrometric Analysis of Peptide Mixtures 

Experiments were performed on an Easy-nlc-1000 system coupled with an Orbitrap 

Exploris mass spectrometer. 1μg of peptide sample were loaded on C18 column 15 

cm, 3.0μm Acclaim PepMap (Thermo Fisher Scientific) and separated with a 0–40% 

gradient of buffer B (80% acetonitrile, 0.1% formic acid) at a flow rate of 500 nl/min) 

and injected for MS analysis. LC gradients were run for 110 minutes. MS1 spectra 

were acquired in the Orbitrap (Max IT = 60ms, AGQ target = 300%; RF Lens = 70%; 

R=60K, mass range = 375−1500; Profile data). Dynamic exclusion was employed for 

30s excluding all charge states for a given precursor. MS2 spectra were collected for 

top 20 peptides. MS2 (Max IT= 60ms, R= 15K, AGC target 100%). 

2.16 Data Processing 

All samples were processed and RAW files generated were analysed with Proteome 

Discoverer (v2.5) against the Uniprot Human database. For dual Sequest and Amanda 
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search, the precursor and fragment mass tolerances were set at 10 ppm and 0.02 Da, 

respectively. The protease used to generate peptides, i.e. enzyme specificity was set 

for trypsin/P (cleavage at the C terminus of “K/R: unless followed by “P”). 

Carbamidomethyl on cysteine as fixed modification and oxidation of methionine and 

N-terminal acetylation were considered as variable modifications for database search. 

694 Both peptide spectrum match and protein false discovery rate were set to 0.01 

FDR. 

2.17 Prediction of S-nitrosylation site in EZH2 protein using GPS-

SNO prediction tools 

 To identify the cysteine residues that are likely to be S-nitrosylated in EZH2 protein, 

we performed an in-silico analysis of the same by using GPS-SNO prediction tools as 

available at http://sno.biocuckoo.org/. These tools have been developed by a group of 

scientists by manually collecting 467 experimentally verified S-nitrosylation sites in 302 

unique proteins from scientific literature and can be used for the prediction of S-

nitrosylation sites. The developer performed extensive leave-one-out validation and 4-

, 6-, 8-, 10-fold cross-validation techniques to calculate the prediction performance and 

system robustness107. More than 250 publications have used these tools for the 

prediction of possible S-nitrosylation sites. We next used the human EZH2 primary 

protein sequence available in the addgene for hEZH2 plasmid (#24230, Addgene) and 

predicted the possible cysteine residues using the GPS-SNO prediction tools. EZH2 

in total has 34 cysteine residues, and according to the partially resolved crystal 

structure of EZH2, none of these residues are involved in di-sulphide bonds and are 

likely to be cysteine residues with free –SH group. The analysis through the GPS-SNO 
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platform revealed three unique sites at cysteine 260, 329, and 700 which are likely to 

be S-nitrosylated. 

2.18 Site-directed mutagenesis reaction 

 Phusion Site-Directed Mutagenesis Kit (#F541Thermo Fisher Scientific™) was used 

to insert point mutations at the specific positions in the pCMV-HA hEZH2 plasmid as 

mentioned in the manufacturer's protocol. Prior to this, the primers were 

phosphorylated using T4 Polynucleotide Kinase (#EK0031, Thermo Fisher 

Scientific™). After the ligation step, the mutated product was transformed in the 

competent Dh5-Alpha E. coli cells. The sequence of primers for inserting point 

mutations at the predicted sites to convert cysteine to serine are provided in Table 

2.16.1(The point mutation inserted is marked in Red). 

Primer Name Sequence (5'>3') 

EZH2 -260 

Forward 

Reverse 

 
TCCTCCTGAAAGTACCCCCAACATAGATG

G AGTGCGCCTGGGAGCTGC 

EZH2 329 

Forward 

Reverse 

 

TGGACCACAGAGTTACCAGCATT 

CAAGGTTTGTTGTCTAGAGC 

 
EZH2 700 

Forward 

Reverse 

 

AAATCCAAACAGCTATGCAAAAG 

ACCGAATGATTTGCAAAAC 

 

 

Table 2.16.1. List primers for inserting point mutation at specific locations 
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2.19 Transformation experiments and Plasmid Isolation 

The ligation product from the SDM reaction was mixed with 100μl of competent DH5-

Alpha cells and kept on ice for 25 mins. This was followed by heat shock at 42° C for 

30 seconds. After adding 900 μl of SOC medium, the product was kept at 37° C for 1 

hr. This was followed by centrifugation at 3000 rpm for 5 mins. 800 μl of supernatant 

was removed, and the pellet was resuspended in the remaining 100 μl media. The 

product was then spread on the LB Agar plate with the help of a spreader and kept 

overnight at 37° C. A single colony picked from the plate was used to inoculate 5 ml 

of Luria Broth (LB) containing ampicillin, which was kept overnight at 200 rpm and 

37˚C. This was used for plasmid isolation, which was performed using the 

manufacturer's protocol (#12123, Qiagen Plasmid Minikit). Isolated plasmid was then 

sent for Sanger Sequencing to confirm the insertion of point mutations at the desired 

location and then used for further transfection experiments. 

2.20 Plasmid and Transfection 

Transfection experiments were done with human WT PCMVHA hEZH2 plasmid 

(#24230, Addgene), a kind gift from Dr. Kristian Helin (Biotech Research and 

Innovation Centre, University of Copenhagen, Copenhagen, Denmark). HEK-293 cells 

with 80% of confluency were transfected using 250ng/ml of pCMVHA hEZH2 and 

Lipofectamine 2000 (#11668030, Invitrogen, Thermo Fisher Scientific) for 4 hrs. After 

48 hours of incubation, the cells were then used for immunoblotting and 

immunofluorescence experiments. 
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2.21 Model and Protein Preparation for in silico analysis 

The crystal structure of the Human PRC2 (PDB ID: 5HYN) was acquired from the 

Protein Data Bank108. This complex exhibits multiple missing loops, particularly within 

the EZH2 residues at positions 1-9, 182-210, 249-256, and 345-421. To address these 

structural gaps, the EZH2 structure was downloaded from AlphaFold, assigned an 

AFDB accession code AF-Q15910-F1, and possessed an average pLDDT score of 

76.25 (Uniport ID: Q15910)109. Subsequently, the EZH2 alphafold model was 

superposed to the original PDB file (5HYN) to obtain the PRC2 complex. Finally, EED, 

H3K79M, and JARID2 K116m3 proteins were deleted to keep only the EZH2-SUZ12 

complex for further modelling studies. The EZH2-SUZ12 complex was pre-processed 

using Protein Preparation Workflow tool in Schrödinger suite 2022110. Hydrogens were 

added, charges were assigned, bond orders were refined, and all water molecules and 

non-standard residues were deleted before proceeding. The protein backbone was 

minimized by employing OPLS 2005 force field. Further residues Cys324 and Cys695 

were S-nitrosylated by Vienna-PTM111. 

2.22 Molecular dynamics (MD) simulations 

The charges of both wild-type and mutant complexes were neutralized by placing a 

total of 10 Na+ ions at positions with high electronegative potential. Both complex and 

counter ions were then placed in a pre-equilibrated cubic box of SPC/E water 

molecules. The periodic box of water was extended to a distance of 10 Å from the 

protein complex and counter ions. Another 442 NaCl molecules were added to the 

system to maintain a 150 mM salt concentration. The prepared systems were 
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subjected to 50,000 steps of steepest descent energy minimization. The structural 

fluctuations and stability of the relaxed protein complex were analyzed by time-

dependent molecular dynamics (MD) simulation studies using GROMACS 5.1.5. The 

particle mesh Ewald method (PME) was used for the calculation of electrostatic 

interactions112. Periodic boundary conditions were imposed in all directions. The long-

range electrostatic interactions have been calculated without any truncation, while a 

10 Å cutoff was applied to Lennard– Jones interactions. The LINCS-like algorithm 

were employed to restrain hydrogen-containing bonds only and handle long-range 

electrostatic interactions. SHAKE algorithm was applied to constrain the bond 

involving hydrogens113. The temperature was controlled at 300 K using Langevin 

dynamics with the collision frequency 1. A time step of 2 fs was used and the structures 

were saved at every 10 ps interval for the entire duration of the MD run. Equilibrium 

phase was comprised of two short 1 ns simulations in NVT and NPT ensembles, 

utilizing a Berendsen thermostat and Parrinello-Rahman barostat respectively at 300K 

and 1 bar pressure. The unrestrained 1 µs simulation with NPT ensembles at 300 K 

was considered as production simulation. 

2.23 Structure Analysis 

Built-in features of GROMACS, such as gmx rms, rmsf, and hbond, were employed to 

assess the root mean-square deviation (RMSD), root-mean-square fluctuation 

(RMSF), and hydrogen bonds (Hbond), respectively, throughout the trajectory. 

Visualization of the structures was performed using PYMOL and VMD software114,115. 
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2.24 Binding energy calculations using MM/PBSA 

 The MM-PBSA protocol was employed to determine the effect of PTMs addition on 

the binding of subunits within a chosen EZH2-SUZ12 complex. The free binding 

energies of each complex were computed utilizing the equations provided below. 

Briefly, the provided set of equations were applied to represent an imaginary AB dimer, 

where A corresponds to EZH2 and B to SUZ12. 

 ΔGbind = GAB – (GA + GB) 

Where GAB is the binding free energy of the EZH2-SUZ12 complex, GA is the binding 

free energy of the EZH2, and GB is the binding free energy of the SUZ12. 

 ΔΔG_bind = ΔG_bindABnitrosylation - ΔG_bindABwildtype 

 To evaluate the impact of incorporating post-translational modifications (PTMs) into 

the complex on their binding, we compute the disparity in binding free energy 

(ΔΔGbind) between the S-nitrosylated and wildtype complexes using Equation 2. The 

binding free energy was determined by utilizing the 1μs trajectory obtained from 

molecular dynamics simulations, and calculations were performed on every 500 

frames extracted from the last 500 ns of the trajectory using the g_mmpbsa tool 

integrated with GROMACS116–118. 

2.25 Statistics Analysis 

All the values are expressed as the mean ± SD. An unpaired t-test was used to 

determine the statistical differences in comparisons between the two groups and one-
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way ANOVA with a false discovery ratem(FDR) method was used for comparison 

between multiple groups. GraphPad Prism software (GraphPad Prism 9) was used to 

perform statistical analyses. A p-value (<0.05) was considered statistically significant. 
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Chapter 3:                                               

Nitric Oxide caused S-Nitrosylation of 

EZH2 to induce PRC2 disassembly, EZH2 

protein instability and loss of its catalytic 

activity  
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3.1 INTRODUCTION: 

PRC2 works as chromatin-modifying group of proteins that act as repressors of gene 

expression. PRC2 is formed by three major classes of proteins; the functional 

enzymatic component of the PRC2, Enhancer of Zeste Homolog-2 (EZH2); suppressor of 

Zeste 12 (SUZ12), a PRC2 subunit and a scaffolding protein, and embryonic ectoderm 

development (EED) which assembles and stabilizes the PRC2 complex119,120. The 

importance of EED and SUZ12 in maintaining the Histone methyltransferase activity of 

EZH2 and in the stability of the PRC2 complex is well studied121,122. EZH2 is responsible 

for methylating the 27th lysine residue of histone H3 (H3K27) which results in the 

repression of gene expression30,120. Many studies have highlighted the importance of 

EZH2 as a crucial player in mediating cellular differentiation during development and also 

has a considerable role in various disease conditions123. Moreover, EZH2 mediates gene 

silencing in embryonic stem cells thereby promoting pluripotency, and in contrast also in 

the activation of differentiation123,124. The link between EZH2 regulation via deposition of 

the methylation marks and cancer progression is well reported describing its role in cancer 

progression and metastasis31,32. Indeed, EZH2 dependent suppression of the tumor 

suppressor genes during cancer progression promotes tumorigenesis119,120. 

The role of several post-translational modifications such as ubiquitination57, 

phosphorylation125, O-GlcNAcylation70,71, SUMOylation126, and methylation127 in 

regulating EZH2 and its methyltransferase activity were previously reported. Ubiquitination 

is known to cause a decrease in the methyltransferase activity of EZH2 leading to its 

degradation. EZH2 has been shown to be phosphorylated by Akt46 and AMPK47, which 

leads to suppression of its methyltransferase activity32.O-GlcNAcylation at serine in the 

SET domain of EZH2 is associated with increase in its methyltransferase activity33. 

Similarly, other mentioned PTMs at specific residues of EZH2,  can regulate its stability 
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and catalytic activity. However, till date, no studies described how S-nitrosylation of EZH2 

regulates its localization, degradation and catalytic activity. Nitrosylation by S-NO 

formation is one such PTM that has a potential in regulating protein function, stability, and 

cellular localization. It occurs through NO, a versatile free radical that forms SNO by 

selective modification of the protein at cysteine/methionine residues and mediate 

numerous biological functions34. Moreover, many cells harbor endogenous NO producing 

machinery including NO synthase class of enzymes. NO synthase (NOS) family of 

enzymes use L-arginine to endogenously produce NO which plays diverse roles in 

different cell types17. EC is one of such cell type that contain a very cell type specific NO 

producing machinery named as endothelial NOS (eNOS). eNOS dependent release of 

NO mediates various signaling cascade which are essential for endothelial migration, 

survival and growth. Indeed, eNOS driven release of NO uses S-nitrosylation dependent 

regulation of proteins to govern endothelial functions18,19,57,128. However, how eNOS 

dependent release of NO directs gene expression changes in EC through chromatin 

regulation remains elusive. 

In this study, we addressed whether NO-mediated post-translational modification of 

histone methyltransferase EZH2 could influence its catalytic activity, localization, and 

stability. Through the present study, we established that S-nitrosylation of cysteine 

residue(s) in EZH2 protein amends its function as an epigenetic modulator, thereby 

proving the role of NO as a direct modulator of epigenetic processes and further regulating 

gene expression changes. This study for the first time connects the link between eNOS 

dependent NO release and its function as epigenetic modulator through regulation of 

EZH2 to alter chromatin structure and thereby dictate NO dependent gene expression 

changes. 
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3.2 RESULTS: 

3.2.1 NO exposure interplayed with EZH2 including PCR2 assembly, 

its methyltransferase activity, subcellular localization, and stability. 

NO is well-reported to regulate gene expression changes in EC129. However, whether such 

an effect is dependent on epigenetic processes specifically via regulation of EZH2 and 

PRC2 complex was never been reported. We therefore used sodium nitroprusside (SNP) 

as an external nitric oxide donor. We quantified cellular nitrite level using Griess assay 

which revealed significant increase in cellular nitrite level upon SNP challenge(Fig. 

3.2.1.1). 

 

 

 

 

 

 

 

Figure 3.2.1.1- NO caused an increased in cellular Nitrite levels. Griess Assay to 

analyze cellular Nitrite levels (n=6) upon SNP exposure.   

 

We also, assessed the effect of NO exposure on EZH2 protein and its catalytic product 

H3K27me3 level in EC. NO exposure time-dependently caused a reduction in the level of 

EZH2 protein specifically observing a significant reduction at 2 hours post-exposure to 

sodium nitroprusside (SNP), (Figs. 3.2.1.2A, B). We also observed a significant reduction 

in the catalytic product H3K27me3, however, the reduction in H3K27me3 was detected 
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within 1 hour of SNP treatment, much earlier than the degradation of EZH2 (Figs. 

3.2.1.2C, D).  

 

 

Figure 3.2.1.2- NO caused degradation of EZH2 protein accompanied with an early 

reduction in H3K27me3 levels. (A-D) Immunoblots analysis of EZH2 (n=4) and 

H3K27me3 (n=5) proteins levels on exposure to SNP (500 µmol/L) in EA. hy926 cells for 

variable times. 

 

To confirm if such an effect of NO on EZH2 is exerted through transcriptional regulation, 

we performed qPCR analysis of EZH2 transcripts which revealed no alteration in EZH2 

transcript level upon SNP exposure (Fig-3.2.1.3). 
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Figure 3.2.1.3 Unaltered EZH2 transcript levels on exposure to NO: qPCR analysis to 

measure the transcript level of EZH2 in cultured EA. hy926 cells exposed to SNP (500 

µmol/L) for 2 hours. (n=3) 

 

We next confirmed such changes in EZH2 and H3K27me3 levels ex vivo in rat aorta 

exposed to NO. Similar to in vitro findings, diminished EZH2 and H3K27me3 levels were 

detected in rat aorta exposed to SNP (Figs..2.1.4 A-B).  

 

 

 

 

 

 

 

 

Figure 3.2.1.4 (A-B) Ex-vivo experiment to show the effect of NO on EZH2 & 

H3K27me3: Immunoblot analysis using lysate of rat aortic explants exposed to SNP (500 

µmol/L) for 2hrs. (n=3) showing EZH2(A) and H3K27me3 levels(B). 
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Because EC possesses endogenous NO-producing machinery namely eNOS, we next 

question whether activation of endogenous NO-production machinery shall also affect the 

levels of EZH2 and H3K27me3. Induction of EC by bradykinin dose- and time-dependently 

caused a reduction in EZH2 and H3K27me3 levels (Figs.3.2.1.5 A-B).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2.1.5 Induction of endogenous NO altered EZH2 and H3K27me3 levels (A-

B) Immunoblotting for EZH2 and H3K27me3 in HUVEC (A) and EA. hy926 cells (B) 

exposed to bradykinin (BK) (10 µmol/L). (n=3) 

 

To understand the cell-specific effect of NO on EZH2 and H3K27me3, we next exposed 

HEK-293, a non-EC type of human cells to NO donor and measured the level of EZH2 

and H3K27me3. Through such an experiment, we established that NO exposure caused 

a reduction in EZH2 and associated H3K27me3 levels independent of the cell type under 

study suggesting such alteration on EZH2 and its downstream product could be sensitive 

to NO in many different cell types (Fig-3.2.1.6 A). 

We next evaluated the effect of NO on EZH2 overexpressed through plasmid construct 

and confirmed that NO exposure also affects the level of overexpressed EZH2 as detected 

through HA tag or by detecting the total EZH2 (Fig-3.2.1.6 B). 
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Figure 3.2.1.6 NO supplementation is associated with reduced EZH2 & H3K27me3 

levels independent of cell types. (A) Immunoblotting for EZH2 and H3K27me3 in HEK-

293 cells on exposure to SNP (500 µmol/L) for 2 hrs. (n=3) (B) Immunoblotting experiment 

to show the HA-EZH2 and EZH2 levels in the lysates collected from HEK-293 cells 

transfected with plasmid containing HA tagged EZH2 followed by treatment with SNP (500 

µmol/L) for 2 hrs. (n=3) 

 

Because we observed a reduction in H3K27me3 level much earlier than EZH2 

degradation, we next urged whether NO exposure interplays with the assembly of the 

PRC2 complex which is essential for EZH2 catalytic activity to cause H3K27me3 

deposition. We therefore performed a immunoprecipitation experiment using EZH2 

antibody and detected dissociation of SUZ12 from EZH2 in EC exposed to SNP for only 

30 minutes (Fig.3.2.1.7). All other components of the PRC2 complex remain associated 

with EZH2 at least until 30 minutes of NO exposure to EC(Fig.3.2.1.7).  
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Figure 3.2.1.7 NO caused degradation of EZH2 protein due to dissociation of SUZ12 

EA. hy926 cells treated with SNP (500 µM) for 30 minutes were subjected to co-

immunoprecipitation using EZH2 antibody followed by immunoblotting to show the 

association of EZH2 with other subunits of the PRC2 complex and histone H3. (n=3) 

 

Interestingly, the protein level of other components of PRC2 including SUZ12, AEBP2, 

EED, and JARID2 in total cell lysate remain unaltered upon NO exposure to EC. (Figure 

3.2.1.8 A-B) 

 

 

Figure 3.2.1.8 NO did not alter the levels of other PCR2 complex proteins. (A-B) 

Immunoblotting for SUZ12, AEBP2, and histone H3 (A) along with JARID2 and EED (B) after 

exposure of EA. hy926 cells to NO donor SNP (500 µmol/L) for 2 hrs. GAPDH was used as 

controls. (n=3)  

 

Being a histone-modifying enzyme and part of the PRC2 complex, EZH2 is primarily 

localized in the nucleus. However, cytosolic translocation of EZH2 was reported by many 



68 
 

earlier studies which also reported its cytosolic substrates including Talin18 and small 

GTPases17 to cause actin polymerization. We thus wanted to explore the effect of NO 

exposure on EZH2 localization. Subcellular fractionation and immunofluorescence 

(Fig.3.2.1.9 A-B) followed by confocal imaging strongly indicated cytosolic translocation 

of EZH2 in EC upon NO exposure. Moreover, confocal imaging also indicated recruitment 

of EZH2 protein to the filamentous actin (Fig. 3.2.1.9 B). 

 

 

 

 

 

 

    

 

 

 

 

 

 

Figure 3.2.1.9 NO caused cytosolic localization and degradation of EZH2 protein 

with no effect on the localization of the other PRC2 subunits. (A) Immunoblotting for 

EZH2 in nuclear and cytosolic fractions from EA. hy926 cells treated with SNP (500 µmol/L 

for 30 & 60 mins). GAPDH and histone H3 showed the purity of cytosolic and nuclear 

fractions respectively. (n=3) (B) Immunofluorescence followed by confocal imaging of EA. 

hy926 cells exposed to 1 hr of SNP to show cytosolic translocation of EZH2 (green). F-

actin (red) is stained with phalloidin-Alexa Fluor 555. DAPI staining is shown in blue (Scale 

bar: 10 µm). (n=3) Values represent the mean ± SD. *p < 0.05, and **p < 0.01 by unpaired 

t-test for two groups. 

 

 



69 
 

We next performed cycloheximide chase experiment in the presence of GSNO and 

detected the level of EZH2 when cellular translation was compromised. Absence of 

translation-dependent replenishment of EZH2 protein in GSNO treated cells revealed a 

significant reduction in EZH2 protein level within 0.5 and 1 hour which we failed to detect 

in translationally active normal cells(Figure-3.2.1.10). Hence, this data confirmed the 

quick turnover of EZH2 protein through degradation pathways upon S- nitrosylation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 3.2.1.10 Cycloheximide chase experiment revealed early degradation of 

EZH2  when EZH2 protein turnover was blocked by inhibiting translation. EZH2 was 

detected in EA.hy926 cells pretreated with cycloheximide(10mg/mL) for 4 hours followed 

by exposing to GSNO(100mmol/L)for different time points(0,0.5,and1hour).(n=3) 
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No significant changes were detected in other components of the PRC2 including SUZ12, 

AEBP2, EED, and JARID2 which were primarily localized in the nucleus independent of 

NO treatment (Figure 3.2.1.11).  

 

 

 

 

 

 

 

 

                                    

 

 

 

Figure 3.2.1.11 NO had no effect on the localization of the other subunits of PRC2 

complex Sub-cellular fractionation of cell lysates collected from EA. hy926 cells exposed 

to SNP (500 µmol/L) for 30 and 60 minutes followed by immunoblotting experiment for 

SUZ12, AEBP2, JARID2 and EED. Presence of GAPDH and histone H3 only in cytosolic 

and nuclear fractions respectively to indicate the purity of the cellular fractions. (n=3) 

 

Because the turnover of H3K27me3 is not only dependent on the methyl transferase EZH2 

but also H3K27me3 specific demethylases UTX and JMJD3, we thus detected the quantity 

of UTX and JMJD3 protein in EC exposed to NO. UTX and JMJD3 protein levels remained 

unaltered in EC exposed to NO for 2 hours (Figure 3.2.1.12). 
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Figure 3.2.1.12 No changes were observed in the levels of H3K27me3 demethylases 

UTX and JMJD3 on NO exposure. A-B Immunoblotting for UTX (A) and JMJD3 (B) after 

exposing EA. hy926 cells to endogenous NOS machinery activator BK (10 µmol/L) for 

different time points. (n=3) 

 

 

3.2.2 NO exposure caused S-Nitrosylation of EZH2 leading to early 

SUZ12 dissociation and further altering its binding partners. 

 

In the non-canonical NO signaling pathway, many proteins are post-translationally 

modified through nitrosylation of cysteine/methionine/tyrosine residue thereby regulating 

the function of such proteins. We, therefore, next questioned whether such could be the 

case with EZH2 as well. Thus, after establishing the effect of NO exposure on EZH2’s 

methyltransferase activity, localization, and degradation, we next evaluated whether NO 

post-translationally modified EZH2 through S nitrosylation thereby regulating its function. 

Previous studies reported regulation of EZH2 localization and function via phosphorylation 

of distinct residues. S-nitrosylation of EZH2 protein has never been reported earlier and 

therefore we first assessed whether EZH2 is S-nitrosylated upon NO exposure. 
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Through the iodoTMT assay using truncated recombinant EZH2 protein (carrying residues 

from 429- 728 aa) in a cell-free system, we first confirmed that NO exposure caused S-

nitrosylation of a truncated form of the EZH2 protein in a cell-free system (Figure 3.2.2.1).  

 

 

 

 

 

Figure 3.2.2.1 Confirming S-nitrosylation of recombinant human EZH2 (containing 

aa 429-728) using IodoTMT assay in a cell free system. In a cell free system, a total of 

1 µg recombinant human EZH2 (containing aa 429-728) protein was incubated with GSNO 

(100 µmol/L) for 30 minutes followed by processing through iodoTMT protocol. Samples 

were run through SDS-PAGE followed by transferring to nitrocellulose membrane and 

were incubated with anti-IodoTMT antibody. Blots were developed with 

chemiluminescence substrate for visualization. 

 

Further to confirm this in a cellular system, EC were exposed to SNP followed by Biotin 

Switch assay and immunoprecipitation using EZH2 antibody. Such an experiment also 

demonstrated S-nitrosylation of EZH2 protein in EC subjected to NO treatment (Figure 
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3.2.2.2 A-B). Further to ascertain the S-nitrosylation, we next used a pan S nitrosylated 

antibody and confirmed through an immunoprecipitation followed by an immunoblot 

experiment that EZH2 in EC was indeed S-nitrosylated upon NO exposure (Figure 3.2.2.2 

C). 

 

 

 

Figure 3.2.2.2 External NO supplementation was accompanied with S-nitrosylation 

of EZH2 (A) Dot blot of protein lysates collected from EA. hy926 cells exposed to SNP 

(500 µmol/L) for 30 min and processed through biotin switch assay followed by 

immunoprecipitation with EZH2 antibody. Blots were incubated with Streptavidin-HRP 

followed by developing with chemiluminescence substrate for visualization. (n=3) (B) 

Same samples were run through SDS-PAGE followed by transfer to nitrocellulose 

membrane followed by incubation with Streptavidin-HRP and developing the blot with 

chemiluminescence substrate for visualization. (n=3) (C) EA. hy926 cells were exposed 

to either SNP (500 µmol/L) for 30 minutes followed by immunoprecipitation with EZH2 

antibody and further immunoblotting to show the presence of S-nitrosylation of EZH2 

using Nitro-Cysteine antibody. (n=3)  
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We next performed a co-immunoprecipitation experiment using EC which was exposed to 

bradykinin, a natural inducer of endogenous NO production. In doing so, we detected a 

robust S-nitrosylation of EZH2 protein concurrent with the loss of EZH2 binding with 

SUZ12 of the PRC2 complex (Figure 3.2.2.3 A). Furthermore, to support this data, we 

also analyzed the S-nitrosylation of HA-tagged EZH2 protein in a HEK-293 

overexpression system. Through a co-immunoprecipitation experiment using HA antibody, 

we again confirmed S-nitrosylation of overexpressed EZH2 protein upon exposure to NO 

(Figure 3.2.2.3 B).  

 

Figure 3.2.2.3 Induction of endogenous NO producing machinery caused S-

nitrosylation of EZH2 and dissociation of SUZ12 and histone H3.(A) EA. hy926 cells 

were exposed to bradykinin (10 µmol/L, D) for 30 minutes followed by immunoprecipitation 

with EZH2 antibody and further immunoblotting to show the presence of S-nitrosylation of 

EZH2 using Nitro-Cysteine antibody. (n=3) (B) Plasmid containing HA tagged EZH2 were 

transfected in HEK-293 cells followed by exposing to SNP (500 µmol/L) for 30 minutes. 

Cell lysates were then immunoprecipitated using HA antibody followed by immunoblotting 

with respective antibodies. (n=3) 
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To exclude the possibility of the effect of SNP on EZH2 as non-specific, we next used 

GSNO which is more well-accepted to impart S-nitrosylation of cellular proteins. In so 

doing, we found similar reduction in the level of EZH2 after 120 minutes of GSNO 

exposure (Figure 3.2.2.4 A). As similar to SNP treated EC, further analysis of H3K27me3 

in the GSNO treated cells revealed time dependent depletion of H3K27me3 by 60 minutes 

which remained significantly low at least up to 120 minutes post-GSNO treatment (Figure 

3.2.2.4 B).  

 

Figure 3.2.2.4 GSNO exposure also caused reduction in EZH2 and H3K27me3 level 

similar to the effects observed with SNP (A-B) Immunoblotting for EZH2 (A) and 

H3K27me3 (B) in cultured EA. hy926 cells upon exposure to GSNO (100 µmol/L) for 

different time points (0, 30, 60, and 120 minutes). (n=4)  

 

We next wanted to explore the comprehensive interacting partners of EZH2 upon S-

nitrosylation to understand the effect of such post-translational modifications on its 

methylation, translocation and degradation. Mass spectrometric analysis revealed the 

comprehensive association map of EZH2 in control and GSNO treated cells (Figure 

3.2.2.4 A). A total of 261 proteins were identified to be associated with EZH2 while 341 
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different proteins associated with EZH2 upon GSNO exposure (Figure 3.2.2.5 B,C). Out 

of 261 proteins in control condition, 48 unique proteins were associated with EZH2 which 

completely dissociated upon GSNO exposure. In contrast, 128 (out of 341 in total) unique 

proteins were bound to EZH2 upon GSNO exposure which were not detected to be 

associated with EZH2 in untreated cells (Figure 3.2.2.5 B, D) (Tables 3.2.2.1-3.2.2.2). 

 

Figure 3.2.2.5 GSNO exposure was also accompanied with altering the interacting 

partners of EZH2.(A) Venn-diagram show the percentage of common/overlapping 

proteins in control and 30 minutes GSNO (100 µmol/L) exposed EA. hy926 cells as 

analyzed through orbitrap mass spectrophotometer. (B) Data showing the number of total 

and unique interacting proteins present in EA. hy926 cells upon exposure to GSNO (100 

µmol/L) for 30 minutes. (C) Heat map based visualization of all the uniquely interacting 

proteins in control and GSNO treated EA. hy926 cells. (D) Heat map based visualization 

of uniquely interacting proteins in Control and GSNO treated groups with a PEP score ≥5. 

Values represent the mean ± SD. *p < 0.05, and **p < 0.01 by unpaired t-test for two 

groups. 
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We next performed a close analysis of the interactome data which indicated few 

interesting association patterns of EZH2 in untreated and GSNO treated conditions. 

Firstly, as observed through co-immunoprecipitation experiment, EZH2 was found to be 

associated with histone H3 in untreated cells, however, such association was not detected 

upon GSNO exposure. Surprisingly, nuclear-to-cytosolic shuttling protein 14-3-3 was 

found to be associated with EZH2 in untreated conditions while a complete loss of 

association was observed upon GSNO challenge (Figure 3.2.2.5 C, D) (Tables 3.2.2.1-

3.2.2.2). Although, we expected such association with 14-3-3 to be prominent upon GSNO 

exposure due to EZH2 cytosolic shuttling after S-nitrosylation, however, we observed an 

opposite correlation. Such data indicated that EZH2 may be using 14-3-3 during natural 

cytosolic localization while its cytosolic localization upon S-nitrosylation is likely to be 

driven by other unknown factors. More interestingly, upon GSNO exposure, we detected 

EZH2 association with many proteins of the endosome/lysosome/proteasome pathway 

proteins including several Rab family of proteins, HSP70&90 chaperon proteins, cathepsin 

D lysosomal protease, lysosome-associated membrane glycoprotein 1, proteasome 

subunit beta type-5/alpha type-4, lysosomal acid ceramidase (Figure 3.2.2.5 C, D) 

(Tables 3.2.2.1-3.2.2.2). EZH2 was not found to be associated with these proteins in 

control conditions. 

 

Table 3.2.2.1: List of all unique proteins associated with EZH2 in 

untreated (control) EA. hy926 cells 

 
 
 
S.NO 

        Description 

Exp. 
q-

value: 
Combi

ned 

Sum 
PEP 

Score 

Coverage 
[%] 

# 
Peptides 

# 
PSMs 

# 
Uniqu

e 
Pepti
des 

1.  Vitamin D-binding 
protein  

0 12.02 10 3 5 3 
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2.  Keratin, type I 
cuticular Ha4  

0 7.491 10 5 14 3 

3.  Fibronectin  0 5.419 1 1 1 1 

4.  Semenogelin-1  0 3.294 7 2 4 2 

5.  60S ribosomal 
protein L23a  

0 3.018 13 2 4 2 

6.  Heterogeneous 
nuclear 
ribonucleoproteins 
A2/B1  

0 2.772 5 2 4 1 

7.  60S ribosomal 
protein L14  

0 2.617 6 1 2 1 

8.  Lysosomal 
protective protein  

0 2.438 3 1 2 1 

9.  60S ribosomal 
protein L22  

0 2.428 10 1 2 1 

10.  40S ribosomal 
protein S15a  

0 2.277 18 2 4 2 

11.  60S ribosomal 
protein L8  

0 2.186 4 1 2 1 

12.  Heterogeneous 
nuclear 
ribonucleoprotein R  

0 1.904 2 1 2 1 

13.  Heterogeneous 
nuclear 
ribonucleoprotein Q 
GN=SYNCRIP 
PE=1 SV=2 

0 1.904 2 1 2 1 

14.  60S ribosomal 
protein L7a  

0 1.85 5 1 2 1 

15.  Semenogelin-2  0 1.844 4 1 2 1 

16.  Putative histone 
H2B type 2-C  

0 1.69 5 1 2 1 

17.  Putative histone 
H2B type 2-D  

0 1.69 5 1 2 1 

18.  60S ribosomal 
protein L23  

0.004 1.558 6 1 2 1 

19.  Probable ATP-
dependent RNA 
helicase DDX17  

0.004 1.44 2 1 2 1 

20.  Probable ATP-
dependent RNA 
helicase DDX5  

0.004 1.44 2 1 2 1 

21.  Y-box-binding 
protein 3 OS=Homo 
sapiens  

0.004 1.38 2 1 2 1 

22.  Y-box-binding 
protein 2  

0.004 1.38 2 1 2 1 

23.  Y-box-binding 
protein 1  

0.004 1.38 2 1 2 1 
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24.  60S ribosomal 
protein L35  

0.004 1.338 8 1 2 1 

25.  40S ribosomal 
protein S8  

0.004 1.325 5 1 1 1 

26.  Histone H3.3  0.004 1.2 5 1 2 1 

27.  Histone H3.1t  0.004 1.2 5 1 2 1 

28.  Histone H3.3C  0.004 1.2 5 1 2 1 

29.  Histone H3.1  0.004 1.2 5 1 2 1 

30.  Histone H3.2  0.004 1.2 5 1 2 1 

31.  Proteasome subunit 
beta type-6  

0.004 1.196 4 1 2 1 

32.  60S ribosomal 
protein L27  

0.004 1.189 7 1 2 1 

33.  Olfactomedin-like 
protein 3 sapiens  

0.004 1.18 2 1 2 1 

34.  ADP/ATP 
translocase 3  

0.007 1.14 3 1 2 1 

35.  ADP/ATP 
translocase 2  

0.007 1.14 3 1 2 1 

36.  ADP/ATP 
translocase 1  

0.007 1.14 3 1 2 1 

37.  Phosphatidylinositol 
4,5-bisphosphate 3-
kinase catalytic 
subunit alpha 
isoform  

0.007 1.08 1 1 1 1 

38.  Adenosylhomocyste
inase  

0.007 1.07 3 1 2 1 

39.  60S ribosomal 
protein L24  

0.007 1.066 5 1 2 1 

40.  14-3-3 protein 
epsilon  

0.007 1.063 3 1 2 1 

41.  Peptidyl-prolyl cis-
trans isomerase A  

0.01 0.96 5 1 2 1 

42.  Myosin regulatory 
light chain 2, 
skeletal muscle 
isoform  

0.014 0.937 11 1 2 1 

43.  Heterogeneous 
nuclear 
ribonucleoprotein H  

0.014 0.935 1 1 1 1 

44.  Heterogeneous 
nuclear 
ribonucleoprotein 
H2  

0.014 0.935 1 1 1 1 

45.  Tumor necrosis 
factor alpha-induced 
protein 2  

0.014 0.924 2 1 2 1 

46.  Prostaglandin-H2 D-
isomerase  

0.013 0.915 4 1 1 1 
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47.  60S ribosomal 
protein L21  

0.013 0.903 7 1 2 1 

48.  Peroxisomal 
sarcosine oxidase  

0.023 0.858 8 1 1 1 

 
 

 

Table 3.2.2.2: List of all unique proteins associated with EZH2 in 

EA. hy926 cells       upon GSNO treatment 
 

 
 
S.No 

 

 
   Description  

Exp. 
q 

value
:Com
bined 

Sum 
PEP 

Score 

Coverage 
[%] 

# 
Peptides 

# 
PSMs 

# 
Uniq
ue 

Pept
ides 

1.  Keratin, type II 
cytoskeletal 71  

0 
19.92

4 
11 6 27 2 

2.  
Cathepsin D  0 

19.90
8 

23 9 19 9 

3.  Proteasome subunit 
beta type-5  

0 9.822 23 5 11 5 

4.  Heat shock protein 
HSP 90-alpha  

0 9.085 8 5 11 2 

5.  Gamma-
glutamylcyclotransferas
e  

0 8.324 14 2 6 2 

6.  Apolipoprotein D  0 6.496 20 4 11 4 

7.  Neuroblast 
differentiation-
associated protein 
AHNAK  

0 6.342 4 4 7 4 

8.  Acid ceramidase  0 6.119 7 3 6 3 

9.  Lysosome-associated 
membrane glycoprotein 
1  

0 5.893 6 3 6 3 

10.  Annexin A5  0 5.796 8 2 4 2 

11.  Carbonic anhydrase 1  0 5.501 11 2 4 2 

12.  Fructose-bisphosphate 
aldolase A  

0 5.423 10 3 8 3 

13.  Uromodulin  0 5.358 6 4 8 4 

14.  Short-chain 
dehydrogenase/reducta
se family 9C member 7  

0 5.239 9 3 5 3 

15.  Kallikrein-7  0 4.912 13 2 6 2 

16.  Deleted in malignant 
brain tumors 1 protein  

0 4.4 9 2 3 2 

17.  Serotransferrin  0 4.289 4 3 6 3 
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18.  Gamma-glutamyl 
hydrolase  

0 4.087 6 2 6 2 

19.  Bleomycin hydrolase  0 3.78 7 3 6 3 

20.  Calmodulin-like protein 
5  

0 3.776 9 1 1 1 

21.  Proteasome subunit 
alpha type-3  

0 3.687 9 2 4 2 

22.  Keratin, type I 
cytoskeletal 18  

0 3.348 6 3 10 2 

23.  Purine nucleoside 
phosphorylase  

0 3.195 7 2 5 2 

24.  Ganglioside GM2 
activator  

0 3.167 8 2 4 2 

25.  Alpha-1-antitrypsin  0 3.144 5 2 4 2 

26.  Triosephosphate 
isomerase  

0 2.876 8 2 4 2 

27.  Galectin-3  0 2.853 9 2 4 2 

28.  Tropomyosin alpha-4 
chain  

0 2.515 4 1 2 1 

29.  Proteasome subunit 
alpha type-4  

0 2.479 8 2 3 2 

30.  Histone H2B type 1-A  0 2.166 13 2 4 2 

31.  Proteasome subunit 
alpha type-1  

0 2.164 5 1 2 1 

32.  40S ribosomal protein 
S3  

0 2.136 9 2 3 2 

33.  Carboxypeptidase A4  0 2.052 4 2 4 2 

34.  Catenin beta-1  0 2.023 2 2 3 2 

35.  Small nuclear 
ribonucleoprotein Sm 
D3  

0 1.983 8 1 2 1 

36.  Glyceraldehyde-3-
phosphate 
dehydrogenase, testis-
specific  

0 1.974 2 1 5 1 

37.  U1 small nuclear 
ribonucleoprotein 70 
kDa  

0 1.926 5 2 4 2 

38.  Proteasome subunit 
alpha-type 8  

0 1.92 4 1 2 1 

39.  Proteasome subunit 
alpha type-7  

0 1.92 4 1 2 1 

40.  Immunoglobulin 
lambda-like polypeptide 
5  

0 1.765 7 1 2 1 

41.  Immunoglobulin 
lambda constant 6  

0 1.765 14 1 2 1 

42.  Immunoglobulin 
lambda constant 1  

0 1.765 14 1 2 1 
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43.  Ras-related protein 
Rab-10  

0 1.729 6 1 2 1 

44.  Ras-related protein 
Rab-1A  

0 1.729 5 1 2 1 

45.  Ras-related protein 
Rab-3C  

0 1.729 5 1 2 1 

46.  Ras-related protein 
Rab-39A  

0 1.729 5 1 2 1 

47.  Ras-related protein 
Rab-3A  

0 1.729 5 1 2 1 

48.  Ras-related protein 
Rab-43  

0 1.729 5 1 2 1 

49.  Ras-related protein 
Rab-14  

0 1.729 5 1 2 1 

50.  Ras-related protein 
Rab-3B  

0 1.729 5 1 2 1 

51.  Ras-related protein 
Rab-15  

0 1.729 5 1 2 1 

52.  Ras-related protein 
Rab-8A  

0 1.729 5 1 2 1 

53.  Ras-related protein 
Rab-6B  

0 1.729 5 1 2 1 

54.  Ras-related protein 
Rab-12  

0 1.729 5 1 2 1 

55.  Ras-related protein 
Rab-4A  

0 1.729 5 1 2 1 

56.  Ras-related protein 
Rab-33B  

0 1.729 5 1 2 1 

57.  Putative Ras-related 
protein Rab-1C  

0 1.729 5 1 2 1 

58.  Ras-related protein 
Rab-4B  

0 1.729 5 1 2 1 

59.  Ras-related protein 
Rab-37  

0 1.729 5 1 2 1 

60.  Ras-related protein 
Rab-3D  

0 1.729 5 1 2 1 

61.  Ras-related protein 
Rab-1B  

0 1.729 5 1 2 1 

62.  Ras-related protein 
Rab-35  

0 1.729 5 1 2 1 

63.  Ras-related protein 
Rab-30  

0 1.729 5 1 2 1 

64.  Ras-related protein 
Rab-6A  

0 1.729 5 1 2 1 

65.  Ras-related protein 
Rab-39B  

0 1.729 5 1 2 1 

66.  Ras-related protein 
Rab-8B  

0 1.729 5 1 2 1 

67.  Immunoglobulin J chain  0 1.662 8 1 2 1 

68.  Cytosol 
aminopeptidase  

0 1.621 1 1 2 1 
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69.  Retinoid-inducible 
serine 
carboxypeptidase  

0 1.618 2 1 2 1 

70.  Protein S100-A6  0 1.604 9 1 2 1 

71.  Cystatin-M  0 1.579 7 1 2 1 

72.  Serpin B7  0 1.575 3 1 2 1 

73.  60S ribosomal protein 
L36  

0 1.541 9 1 2 1 

74.  Calpain-1 catalytic 
subunit  

0 1.515 1 1 2 1 

75.  Destrin  0 1.447 4 1 2 1 

76.  Proteasome subunit 
beta type-7  

0 1.426 3 1 2 1 

77.  60S ribosomal protein 
L13  

0 1.39 6 1 2 1 

78.  Transmembrane 
glycoprotein NMB  

0 1.364 3 1 2 1 

79.  Apolipoprotein A-II  0 1.344 9 1 2 1 

80.  Speckle targeted 
PIP5K1A-regulated 
poly(A) polymerase  

0 1.341 1 1 1 1 

81.  Leucine-rich alpha-2-
glycoprotein  

0 1.322 3 1 2 1 

82.  Loricrin  0 1.316 3 1 4 1 

83.  Malate dehydrogenase, 
mitochondrial  

0 1.3 3 1 2 1 

84.  Translocator protein  0 1.246 5 1 2 1 

85.  Testis-specific Y-
encoded-like protein 2  

0 1.214 1 1 2 1 

86.  Heterogeneous nuclear 
ribonucleoprotein M  

0 1.211 2 1 2 1 

87.  Proteasome subunit 
alpha type-5  

0.003 1.208 3 1 1 1 

88.  Insulin-degrading 
enzyme  

0.006 1.194 1 1 2 1 

89.  Very-long-chain enoyl-
CoA reductase  

0.009 1.174 3 1 2 1 

90.  Sesquipedalian-1  0.009 1.156 4 1 1 1 

91.  60S ribosomal protein 
L28  

0.009 1.149 5 1 2 1 

92.  Histone H2B type 2-E1  0.011 1.113 7 1 2 1 

93.  Epiplakin  0.011 1.11 1 1 2 1 

94.  Plectin  0.011 1.11 0 1 2 1 

95.  STE20-like 
serine/threonine-protein 
kinase  

0.011 1.106 1 1 4 1 

96.  Cytospin-B  0.011 1.106 1 1 4 1 

97.  Chromobox protein 
homolog 6  

0.014 1.07 2 1 2 1 
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98.  Chromobox protein 
homolog 8  

0.014 1.07 2 1 2 1 

99.  Rho guanine nucleotide 
exchange factor 40  

0.014 1.065 1 1 2 1 

100.  Myosin-10  0.014 1.053 1 1 1 1 

101.  Vinculin  0.014 1.048 1 1 1 1 

102.  Heterogeneous nuclear 
ribonucleoprotein A1-
like 2  

0.014 1.045 4 1 1 1 

103.  Lamin-B1  0.014 1.043 1 1 2 1 

104.  Lamin-B2  0.014 1.043 1 1 2 1 

105.  Heat shock 70 kDa 
protein 6  

0.014 1.032 1 1 2 1 

106.  Heat shock 70 kDa 
protein 1B  

0.014 1.032 1 1 2 1 

107.  Heat shock 70 kDa 
protein 1-like  

0.014 1.032 1 1 2 1 

108.  Toll-interacting protein  0.013 1.025 3 1 2 1 

109.  Reticulon-4  0.013 1.025 1 1 1 1 

110.  Ergosterol biosynthetic 
protein 28 homolog  

0.021 1.005 6 1 2 1 

111.  Histidine--tRNA ligase, 
cytoplasmic  

0.021 1.003 2 1 1 1 

112.  Stress-70 protein, 
mitochondrial  

0.021 1.003 1 1 3 1 

113.  Exocyst complex 
component 4  

0.021 0.998 2 1 3 1 

114.  Cystatin-SA  0.024 0.963 5 1 2 1 

115.  Leucine-rich repeat-
containing protein 15  

0.029 0.947 2 1 2 1 

116.  Tubulin alpha chain-like 
3  

0.029 0.942 2 1 2 1 

117.  Tubulin alpha-8 chain  0.029 0.942 2 1 2 1 

118.  Tubulin alpha-4A chain  0.029 0.942 2 1 2 1 

119.  Uncharacterized 
protein CCDC197  

0.031 0.914 7 1 1 1 

120.  Ras-related C3 
botulinum toxin 
substrate 3  

0.031 0.903 4 1 2 1 

121.  Ras-related C3 
botulinum toxin 
substrate 2  

0.031 0.903 4 1 2 1 

122.  Ras-related C3 
botulinum toxin 
substrate 1  

0.031 0.903 4 1 2 1 

123.  Prosaposin  0.031 0.889 2 1 1 1 

124.  Transcription factor AP-
2-delta  

0.031 0.886 2 1 1 1 
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125.  40S ribosomal protein 
S4, X isoform  

0.031 0.882 3 1 1 1 

126.  Serpin B10  0.031 0.867 3 1 1 1 

127.  H(+)/Cl(-) exchange 
transporter 3  

0.03 0.85 1 1 2 1 

128.  Fibrinogen gamma 
chain  

0.03 0.841 3 1 2 1 

 

3.2.3 NO caused the degradation of EZH2 primarily through 

autophagosome-lysosome pathway while inhibition of endogenous 

NO machinery reversed NO dependent degradation, activity and 

localization of EZH2 

Because we observed association of many endosomal/lysosomal and proteasomal 

proteins, we therefore questioned the role of lysosomal and proteasomal degradation 

pathways in S-nitrosylation dependent degradation of EZH2. The role of post-translational 

modification-dependent regulation of EZH2 protein degradation is least studied. Because 

we observed EZH2 protein degradation upon NO exposure, we therefore explored the key 

degradation machinery responsible for S-nitrosylated EZH2. Because ubiquitination of 

proteins plays a key role in degradation and previous report indicated ubiquitination 

mediated degradation of EZH2130, we first assessed the level of EZH2 ubiquitination upon 

NO exposure and found that S-nitrosylated EZH2 are heavily ubiquitinated upon NO 

exposure (Figure 3.2.3.1).  
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Figure 3.2.3.1 Elevated ubiquitination of EZH2 occurs on exposure to NO in EC to 

mark its degradation: EA. hy926 cells exposed to SNP (500 µmol/L) for 30 minutes 

followed by co-immunoprecipitation to pulldown EZH2.This pulldown samples were then 

subjected to immunoblotting with ubiquitin antibody to show the presence of ubiquitinated 

EZH2. 

 

Cells use lysosomal and proteasomal degradation pathways for protein degradation, we 

thus used pharmacological inhibitors of proteasomal and autophagosome-lysosome 

pathway to evaluate their relative contribution towards degradation of S-nitrosylated 

EZH2. Inhibition of proteasomal pathway using MG132 was unable to reverse the level of 

EZH2 upon NO exposure (Figure 3.2.3.2 A). In contrast, inhibition of autophagosome-

lysosome pathway using bafilomycin A significantly although partially reversed EZH2 

degradation upon NO challenge (Figure 3.2.3.2 B).  
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Figure 3.2.3.2 Exposure to NO in EC cause EZH2 degradation primarily through the 

autophagosome-lysosome pathway. (A) Immunoblotting analysis of EZH2 in EA. hy926 

cells pretreated with MG-132(MG) (1 µmol/L) for 2 hrs followed by exposing to SNP (500 

µmol/L) for another 2 hrs. (n = 4) (B) Immunoblotting for EZH2 in cultured EA. hy926 cells 

pretreated with Bafilomycin A1(Baf) (100 nmol/L) for 2 hours followed by exposing to SNP 

(500 µmol/L) for additional 2 hrs. (n=4) 

 

We then inhibited both proteasomal and autophagosome-lysosome pathway to evaluate 

the effect of such combination inhibition on EZH2 protein level. In so doing, we detected 

complete reversal of EZH2 protein level upon combination inhibition of proteasomal and 

autophagosome-lysosomal pathways (Figure 3.2.3.3 A). All these data indicated that 

degradation of EZH2 upon NO exposure primarily occurs through autophagosome-

lysosome pathway, however, an inhibition of the autophagosome-lysosome pathway could 

likely switch S-nitrosylated EZH2 degradation through proteasomal pathway. Successful 

inhibition of autophagosome-lysosomal pathway upon bafilomycin A treatment was 

confirmed through increase in p62 level (Figure 3.2.3.3 B). 
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Figure 3.2.3.3 Effect of inhibited proteasomal and autophagosome-lysosome 

pathway combination on EZH2 degradation (A)Immunoblotting for EZH2 protein in 

cultured EA. hy926 cells pretreated with both MG-132 (1 µmol/L) and bafilomycinA1 (100 

nmol/L) for 2 hrs followed by exposing to SNP (500 µmol/L) for additional 2 hrs. (n=4) (B) 

Immunoblotting to show the presence of elevated p62 in EA. hy926 cells upon treatment 

with bafilomycin A1 (100 nmol/L) to confirm disruption of autophagosome-lysosome 

pathway. NOS inhibitor treatment reversed NO dependent reduction in EZH2 and 

H3K27me3 level. 

 

We next questioned whether inhibition of endogenous NO producing machinery could alter 

the downstream effect of natural inducers of endogenous NO production machinery in EC 

such as bradykinin. We exposed the EC with L-NAME, a nonselective inhibitor of all type 

of NO synthase (NOS) prior to inducing with bradykinin. As observed earlier in our study, 

bradykinin induction caused reduction in EZH2 level which is completely reversed upon 

inhibition of NOS with L-NAME (Figure 3.2.3.4 A). We also performed the assay in ex vivo 

rat aorta model which further revealed reversal of EZH2 protein degradation and 



89 
 

protection of H3K27me3 in aortic tissues exposed to L-NAME prior to bradykinin treatment 

(Figure 3.2.3.4 B-C). We then performed localization analysis of EZH2 in cells exposed 

to bradykinin alone or in combination with L-NAME. As expected, bradykinin induction 

caused cytosolic translocation of EZH2 which are also found to be localized with actin 

cytoskeleton, however, inhibition of NOS family of protein in bradykinin treated EC using 

L-NAME restricted EZH2 localization to nucleus (Figure 3.2.3.4 D). 

 

 

Figure 3.2.3.4 Indigenous NO inducer Bradykinin effects on EC were reversed on 

pretreatment with L-NAME. (A)Immunoblotting for EZH2 with protein lysate collected 

from cultured EA. hy926 cells pretreated with L-NAME (1 mmol/L) for 1 hr followed by 

exposing to bradykinin(BK) (10 µmol/L) for additional 2hrs. (n=3) (B-C) Rat aortic rings 

were pretreated with L-NAME (1 mmol/L) for 1 hr followed by exposing to bradykinin (10 

µmol/L) for additional 2 hrs. Immunoblot analysis were carried out for EZH2 (B) and 

H2K27me3 (C) in these tissue lysates. (n=3) (D) EZH2 (green) immunostaining along with 

F‐actin (Red) staining of EA. hy926 cells after pretreating with L-NAME (1 mmol/L) for 1 

hr followed by exposing to bradykinin (10 µmol/L) for additional 2hrs. DAPI staining is 

shown in blue.(Scale bar: 10 µm) (n=3) Values represent the mean ± SD. *p < 0.05, and 

**p < 0.01 by unpaired t-test for two groups. 
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3.2.4 Protecting the level of EZH2 downstream product H3K27me3 

through inhibition of demethylases reversed NO dependent effect on 

endothelial migration and gene expression changes 

EZH2’s effect on cellular function is primarily dependent on its regulation of gene 

expression changes through repressive H3K27me3 mark in the chromatin. Moreover, NO 

signaling pathway converges to changes in expression of genes associated with 

endothelial survival, proliferation and migration. We therefore wanted to investigate 

whether EZH2 dependent catalysis of H3K27me3 play any role in dictating NO driven 

regulation of endothelial function and gene expression changes. To do so, we took a 

retrograde approach in which we pre-incubated the cells with GSK-J4, a selective inhibitor 

of H3K27me3 specific demethylase JMJD3 and UTX. We first confirm that inhibition of 

JMJD3 and UTX reversed NO dependent reduction in H3K27me3 level (Figure 3.2.4.1 

A). We next performed endothelial migration using wound healing assay and observed 

that NO induced endothelial migration is abrogated upon preserving the level of 

H3K27me3 through inhibition of demethylase JMJD3 and UTX (Figure 3.2.4.1 B). 
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Figure 3.2.4.1 GSK-J4, a demethylase inhibitor protects H3K27me3 level in NO 

exposed EC and reversed NO-dependent cell migration and gene expression 

changes. (A) Immunoblotting for H3K27me3 in EA. hy926 cells pretreated with GSK-J4 

(5 µmol/L) for 4 hrs followed by challenging them with SNP (500 µmol/L) for additional 2 

hours (n=4). (B) Scratch wound healing assay to show the healing rate of EA. hy926 cells 

which are pretreated with GSK-J4 (5 µmol/L) for 4 hrs followed by treatment with SNP 

(500 µmol/L). Healing rate was followed until 24 hrs post-SNP treatment. Images were 

acquired using bright field microscope adapted with a camera for phase contrast imaging. 

(n=4). 

 

In similar experimental settings, we next detected the transcript level expression of NO-

responsive genes in EC using qPCR experiment. Based on previously reported data sets, 

we choose to detect the transcript level of NO responsive genes; VEGFa, TBX20, MMP2, 

FGF2, KDR, TIE2, TEK, and Angiopoietin-2131. Through this analysis, we detected 

significant increase in expression of VEGFa, TBX20, MMP2, FGF2, and Angiopoietin-2 

upon NO exposure (Figure 3.2.4.2). Pretreatment of EC with GSK-J4 prior to NO 

exposure completely abrogated NO dependent increment in VEGFa, TBX20, MMP2, 
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FGF2, and Angiopoietin-2 transcript level (Figure 3.2.4.2). Surprisingly, although reported 

earlier to be responsive to NO in EC, in the present experimental settings, we were unable 

to record any changes in transcript level of KDR, TIE2, and TEK genes (Figure 3.2.4.2). 

 

 

 

Figure 3.2.4.2 GSK-J4, reverses gene expression changes in NO exposed EC. RT-

qPCR analysis to measure the transcript level expression of VEGFa, TBX20, MMP2, 

FGF2, KDR, TIE2, TEK, and Angiopoietin in EA. hy926 cells pretreated with GSK-J4 (5 

µmol/L) for 4 hrs followed by challenging them with SNP (500 µmol/L) for additional 4 hrs 

(n=4). Values represent the mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001 by unpaired 

t-test for two groups. 

 

3.3 DISCUSSION: 

A key regulatory pathway of NO-dependent cellular function is through S-nitrosylation of 

protein which is a reversible post-translational modification. Extensive studies have shown 

that S-nitrosylation regulates diverse physiological and pathological processes including 
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angiogenesis, adaptive immunity, diabetes, heart failure, stroke etc. through modulating 

stability, activity, subcellular localization, conformation change, or protein-protein 

interaction of target proteins.132 Although NO signaling alters gene expression changes in 

vascular endothelium133, however, the role of NO-dependent S-nitrosylation of proteins in 

defining the epigenetic landscape of EC is not clearly understood.  

PRC2 complex is one of the most abundant and well-studied complexes engaged in gene 

repression through regulation of chromatin compaction. EZH2 being the catalytic unit of 

PRC2 complex catalyzes the deposition of H3K27me3 mark that causes chromatin 

compaction and thereby resulting in the repression of gene expression. Nevertheless, how 

S-nitrosylation regulate EZH2 protein and thereby the activity of the crucial PRC2 complex 

was never reported. Herein, for the first time we described that NO caused S nitrosylation 

of EZH2 protein leading to inhibition of its catalytic activity, disassembly of SUZ12 from 

PRC2 complex bound EZH2, cytosolic translocation of the protein followed by 

ubiquitination and degradation through autophagosome-lysosome pathway. Moreover, 

mass spectrometric analysis revealed S-nitrosylation of EZH2 significantly alters its 

interactome preferentially allowing association with proteins of the 

endosome/lysosome/proteasome pathways. We also demonstrated that natural induction 

of endogenous NO machinery in EC also imparts the exact same effect on EZH2 protein. 
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Figure 3.3.1 Schematic depicting the effect of EZH2 S-nitrosylation on its stability, 

translocation and catalytic activity of PRC2. PRC2 consists mainly of EZH2, SUZ12, 

and EED, residing primarily in the nucleus. The major subunit of PRC2 i.e. histone 

methyltransferase EZH2 localizes primarily in the nucleus and is responsible for 

deposition and maintenance of the levels of H3K27me3. These cells also have a limited 

cell migration capacity. On exposure of these cells to NO, S-Nitrosylation of specific 

cysteine residues on EZH2 occur leading to a decline in their stability which is marked by 

reduction in EZH2 protein levels along with dissociation of SUZ12 from EZH2 bound PRC2 

complex. Upon disassembly, S- Nitrosylated EZH2 translocate from the nucleus to the 

cytosol where it undergoes ubiquitination followed by its degradation primarily through the 

autophagosome lysosome pathway. Additionally, there is a significant effect on the 

catalytic activity of EZH2, which is shown by reduction in the deposition of the H3K27me3 

marks on histone H3. NO dependent S-nitrosylation of EZH2 also causes a spike in the 

migratory activities of EC due to EZH2 recruitment to the F-actin and likely contributing 

towards remodeling prior to degradation. The schematic diagram was prepared using 

BioRender (Agreement number: WB26FEOYBU). 
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Most importantly, we demonstrated that such S-nitrosylation of EZH2 was responsible for 

NO-dependent epigenetic regulation of endothelial gene expression and cellular migration 

(Figure 3.3.1). Post-translational modification of EZH2 protein through phosphorylation at 

several sites were reported earlier47,133–135. Such modifications of EZH2 differentially 

regulated the localization, function and its association with other proteins of the PRC2 

complex. For instance, AMPK phosphorylated EZH2 at T311 to disrupt the interaction 

between EZH2 and SUZ12 thereby attenuating PRC2-dependent methylation of histone 

H3 at Lys27 in ovarian and breast cancer. Moreover, such phosphorylation of EZH2 by 

AMPK caused upregulation of PRC2 target genes, many of which are known tumor 

suppressors thereby suppressing the growth of tumor cells47. During breast cancer 

metastases, p38-mediated EZH2 phosphorylation at T367 promotes EZH2 cytoplasmic 

localization and potentiates EZH2 binding to vinculin and other cytoskeletal regulators of 

cell migration and invasion. Interestingly, ectopic expression of a phospho-deficient 

T367A-EZH2 mutant is sufficient to inhibit EZH2 cytoplasmic expression, disrupt binding 

to cytoskeletal regulators, and reduce EZH2-mediated adhesion, migration, invasion, and 

development of spontaneous metastasis133. In the present study, we observed that S 

nitrosylation of EZH2 in specific at cysteine caused its cytosolic localization, a transient 

binding to actin cytoskeleton, ubiquitination of EZH2 protein followed by degradation 

through autophagosome lysosome pathway. A very recent study demonstrated DCAF1 

mediated phosphorylation of EZH2 at T367 to augment its nuclear stabilization and 

enzymatic activity in colon cancer cells. Such DCAF1 mediated EZH2 phosphorylation 

followed by nuclear localization led to elevated levels of H3K27me3 and altered 

expression of growth regulatory genes in cancer cells134. In contrast, herein we report that 

S-nitrosylation of cysteine residue of EZH2 caused its cytosolic localization followed by 

lysosomal degradation. Moreover, S-nitrosylation at cysteine also leads to inactivation of 
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EZH2’s catalytic activity most likely due to early dissociation of SUZ12 protein from PCR2 

complex. Although, phosphorylation dependent regulation of EZH2 protein and the PRC2 

complex are well documented, however, other post-translational modifications especially 

NO dependent S-nitrosylation of EZH2 and its regulation of the overall function of this 

protein has never been reported. Herein, we demonstrated endogenous NO producing 

machinery of EC as well as external supplementation of NO using donors regulated EZH2 

binding with SUZ12, its localization, and protein stability. Such effect of NO on EZH2 

contributed towards NO driven gene expression changes and endothelial migration. 

These are primarily achieved by NO through S-nitrosylation of EZH2 protein at specific 

cysteine residues. 

In EC endogenous eNOS dependent release of NO drives cell survival, migration and 

growth typically acting through canonical and non-canonical pathways136,137. Canonically, 

NO induces soluble guanyl cyclase (sGC) and in downstream Protein Kinase G to mediate 

actin remodeling required for cell migration138,139. Moreover, NO signaling also promote 

endothelial gene expression changes associated with endothelial survival and 

growth140,141. Such gene expression changes by NO in EC was thought to be primarily 

controlled by gene transcription and mRNA translation via iron-responsive elements142. 

Herein, for the first time, we reported that eNOS dependent NO release instigates non 

canonical pathway through S-nitrosylation of EZH2 protein and its product H3K27me3 

thereby controlling the epigenetic regulation of gene expression. This was supported by 

our data wherein preserving the level of EZH2 catalytic product H3K27me3 through 

inhibition of the demethylases JMJD3-UTX reversed NO dependent gene expression 

changes in EC. Moreover, we also observed that regulation of EZH2 by NO was 

independent of the cell type under study which is also been supported through our data in 

HEK-293 cells exposed to NO. In parallel to well reported function of NO143,144 as well as 
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EZH217,18,145 in actin cytoskeleton remodeling, we observed that NO exposure caused 

transient localization of EZH2 on the actin cytoskeleton most likely prior to its degradation 

through autophagosome-lysosomal pathway. In addition, preserving the level of 

H3K27me3 via inhibition of demethylases reversed NO effect on cell migration.  

Through the present study, we are unable to establish whether the effect of NO on 

endothelial migration is mainly driven by its regulation of EZH2 actin cytoskeleton 

remodeling axis or via regulation of EZH2-H3K27me3-gene expression regulation axis. 

Nonetheless, NO dependent remodeling of actin cytoskeleton may not alone be driven by 

canonical sGC-cGMP-PKG-VASP pathway, in addition, regulation of EZH2 via NO may 

contribute towards its actin remodeling function. 

In summary, our study for the first time reported that NO signaling pathway converges to 

epigenetically regulate gene expression via controlling the stability and catalytic activity of 

PRC2 complex, in specific the EZH2 component of the complex. This is primarily driven 

by NO through S nitrosylation of specific cysteine residues of EZH2 which promotes early 

dissociation of SUZ12 from EZH2-PCR2 complex followed by cytosolic localization of 

EZH2 and its degradation through autophagosome-lysosome pathways. We also showed 

that such an effect of NO on EZH2 is cell type independent. Moreover, we also reported 

that NO driven gene expression changes in EC is primarily dependent on NO regulation 

of EZH2 and its catalytic product H3K27me3Our findings shed light into a new mechanism 

of NO mediated regulation of EZH2 and PCR2 complex to regulate gene expression 

associated with endothelial function. 
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Chapter 4:                                                

C329 and C700 residues govern S-

Nitrosylation dependent regulation of 

EZH2 protein, PRC2 complex, and catalytic 

activity  
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4.1 INTRODUCTION: 

PRC2 complex is critical for development and disease pathogenesis. EZH2 being a part 

of the PRC2 complex is the essential catalytic component that finally drives H3K27me3 

formation to cause repression of gene expression. By doing so, EZH2 essentially 

regulates spatiotemporal gene repression which is a crucial part of the development while 

disrupting such tight control leads to embryonic lethality or disease pathogenesis37. 

Therefore, understanding the underlining mechanism that governs the EZH2 function 

independent of its transcriptional regulation is imperative in current juncture. Modulation 

of EZH2 function through PTMs remains to be elusive even though few studies indicated 

regulation of EZH2 through phosphorylation and its degradation through ubiquitination.  

Regulation of EZH2 via other PTMs such as Acetylation, SUMOylation, O-GlcNAcylation 

is also well reported48. 

Cellular NO signaling, especially in EC, is essential for endothelial survival and migration. 

NO does so by conventionally regulating both canonical and non-canonical pathways. 

Through canonical pathways, NO controls the activity of soluble guanylyl cyclase, which 

in downstream governs the level of cGMP, thereby regulating further downstream 

signaling. Through the non-canonical pathway, NO works via nitrosylation of different 

proteins at different residues (majorly through nitrosylation of cysteine, methionine and 

tyrosine residues), thus determining the function of these proteins101–103,146. 

The complex cellular regulation of S-nitroso thiol (SNO) homeostasis is well managed, 

and any disruptions in this balance can lead to alterations in the redox state, thereby 

contributing to a myriad of disease conditions146. Despite its significance, the precise role 

of S-nitrosylated proteins and nitrosative stress metabolites in inflammation, as well as 

their modulation of inflammatory processes, remains inadequately studied99,147. To 

counteract the pathological effects of NO, the cells activate defense mechanisms, 
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including cellular denitrosylases such as Thioredoxin (Trx) and S-nitrosoglutathione 

reductase (GSNOR) systems78. These systems have garnered considerable attention as 

potential novel anti-inflammatory molecules. Still NO is yet to be established as a direct 

regulator of epigenetic processes even though it is well entrenched that NO treatment 

alters endothelial gene expression. Certain studies also indicate that through the 

regulation of the cGMP-Protein kinase G (PKG) axis as well as coordinating nitrosylation 

of the transcription factor, NO can alter gene expression103. 

In this study, with the help of the In-sillico analysis prediction tools. we have provided the 

insights into the identification and involvement of specific sites/a.a. residues within key 

protein EZH2, and offering valuable insights about the functions of those locations/a.a. 

residues and the impact of those mutations on the EZH2 landscape. This study, aims to 

delve deeper into the functional consequences of mutation at predicted S-nitrosylation 

sites of EZH2. Using computational models and bioinformatics tools, we seek the effects 

of the structural alterations induced by these mutations and their subsequent effects on 

EZH2 stability and catalytic activity. Additionally, through experimental validation, we aim 

to provide mechanistic insights into the regulatory mechanisms governing EZH2 activity 

and its implications in physiological and pathological contexts. 

 

4.2 RESULTS: 

4.2.1 S-nitrosylation of EZH2 at cysteine 329 and cysteine 700 is 

important for its stability and methyltransferase activity respectively 

Upon confirming the effect of NO on S-nitrosylation of EZH2 and associated changes in 

its stability, catalytic activity, PRC2 assembly and translocation, we next focused on 
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detecting the possible residues of EZH2 that could be S-nitrosylated. To confirm this, we 

used GPS-SNO (http://sno.biocuckoo.org/) prediction tools as stipulated in methodology 

section. Such analysis predicted three possible sites at cysteine 260, 329, and 700 of 

EZH2 protein with score of 3.158, 2.576, and 3.109 respectively which is beyond the set 

cut off value of 2.443(Figure 4.2.1.1 A). Predicted cysteine residues 260 and 329 lies 

within the domain II of EZH2 which essentially allows SUZ12 association with EZH2, in 

contrast, predicted cysteine residue at 700 lies within the catalytic SET domain of EZH2 

which is essential for its enzymatic activity. 

To further decipher the role of each of these cysteine residues, we generated point 

mutated constructs of these cysteine by using site-directed mutagenesis kit to convert the 

codon to code for serine in places of the actual cysteine (TGT/TGC to AGT/AGC) residues 

(Figure 4.2.1.1 B).  

 

Figure 4.2.1.1 In silico S-nitrosylation prediction analysis and generating point 

mutants for identified residues using site directed mutagenesis kit. (A) Using pre-

http://sno.biocuckoo.org/
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validated software, we performed an in-silico analysis to predict possible cysteine residues 

that could be S-nitrosylated and identified three cysteine residues at position 260, 329 and 

700 (out of 34 total cysteine present in EZH2) that were predicted to be S-nitrosylated. (B) 

Confirming the insertion of point mutations at these three predicted cysteine sites leading 

to their conversion to serine using Sanger sequencing technique.  

 

Using overexpression of these constructs in HEK-293 cells, we first performed biotin 

switch assay to assess the S-nitrosylation of these mutated EZH2. Such analysis revealed 

partial loss of S-nitrosylation of EZH2 for each of the mutants EZH2 C260S, EZH2 C329S, 

and EZH2 C700S.  Interestingly, a complete loss of S-nitrosylation signal was not detected 

with single mutation indicating multiple cysteine residues were likely to be S-nitrosylated 

in EZH2 protein upon NO exposure (Figure 4.2.1.2 A). 

 

Figure 4.2.1.2 Biotin Switch assay to show the differential effect of NO on the 

different versions of the point mutated EZH2 (A) Biotin Switch assay followed by dot-

blot and Ponceau staining of HA immunoprecipitated cell lysates of HEK-293 cells 

overexpressing WT and mutant EZH2 (having point mutations at cysteines 260, 329, and 

700) followed by challenging with SNP (500 µmol/L) for 2 hrs to show the levels of S-

nitrosylated HA tagged EZH2. (n=3).  
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We then analysed the effect of NO exposure on EZH2 protein and its catalytic product 

H3K27me3 level in cells overexpressed with WT and mutated form of the EZH2 gene. As 

observed earlier, NO exposure caused significant loss of HA tagged EZH2 protein and 

H3K27me3 level in cells overexpressed with HA tagged EZH2 WT gene (Figure 4.2.1.3 

A-B). A comparable loss of HA tagged EZH2 protein and H3K27me3 level was also 

detected in cells overexpressed with HA tagged EZH2 C260S mutant gene (Figure 4.2.1.3 

A-B). Interestingly, NO exposure did not alter the level of HA tagged EZH2 protein in cells 

overexpressed with HA tagged EZH2 C329S mutant gene, however, H3K27me3 level in 

these cells were significantly reduced upon NO exposure (Figure 4.2.1.3 A-B). In contrast, 

NO significantly diminished the level of HA tagged EZH2 C700S protein in cells 

overexpressing HA tagged EZH2 C700S mutant, however, surprisingly, H3K27me3 level 

upon NO challenge remained relatively unaltered in these cells (Figure 4.2.1.3 A-B). 

 

Figure 4.2.1.3 Point mutated EZH2 protein responded differentially to NO in the 

context of its effects on the stability and catalytic activity of EZH2. 
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(A-B) Immunoblotting for HA (EZH2) (A)and H3K27me3 (B) in cell lysates collected from 

HEK-293 cells containing wild type or mutated versions of EZH2 (C260S, C329S, C700S) 

and were exposed to SNP (500 µmol/L) for 2 hrs. (n=4) 

We next decided to generate a double mutant form of EZH2 gene where both cysteine 

residues at location 329 and 700 are mutated to serine thereby generating a double 

mutant named EZH2 C329S C700S mutant. We then overexpressed this double mutant 

in HEK-293 cells followed by treating the cells with NO. Double mutated (at cysteine 329 

and 700 residues) form of the HA tagged EZH2 was completely insensitive to NO exposure 

both in context to the level of HA tagged EZH2 C329S C700S protein as well as its product 

H3K27me3 (Figure 4.2.1.4). In similar settings, cells overexpressing WT EZH2 gene 

showed significant reduction in both HA tagged EZH2 protein and H3K27me3 level 

(Figure 4.2.1.4).  

 

Figure 4.2.1.4 Effect of NO on the stability and catalytic activity on the double 

mutated version of EZH2 Immunoblotting experiments to show the levels of HA (EZH2) 

and H3K27me3 in HEK-293 cells transfected with wild-type and the double mutant version 

of EZH2(created by inserting point mutations to convert cysteine to serine at positions 

C329 and C700) and exposed to SNP (500 µmol/L) for 2 hrs. (n=4).  

 

We next performed immunofluorescence experiment and confocal imaging study to 

ascertain the effect of these individual and double mutations of EZH2 on NO driven HA 

tagged EZH2 localization. In so doing, we observed that NO exposure caused significant 
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cytosolic delocalization of HA tagged EZH2 wt, C260S, and C700S mutated forms of HA 

tagged EZH2(Figure 4.2.1.5). Interestingly, NO was unable to induce significant cytosolic 

localization of HA tagged EZH2 C329S and double mutated HA tagged EZH2 C329S 

C700S protein (Figure 4.2.1.5). 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.1.5 Immunofluorescence to show the effect of NO exposure on the 

stability and catalytic activity on the point and double mutated versions of EZH2 

Immunostaining for HA (EZH2) (Red) along with F‐actin (green) staining in HEK-293 cells 

to localize HA tagged EZH2 in wild-type and mutated versions, following their exposure to 

SNP (500 µmol/L) for 2 hrs. DAPI staining is shown in blue (Scale bar: 10 µm) (n=3) 

Values represent the mean ± SD. ***p < 0.001 by unpaired t-test for two groups. 

 

4.2.2 S-nitrosylation of EZH2 protein at C329 and C700 causes 

conformational changes in EZH2-SUZ12 complex leading to loose 

association of SUZ12 with the SAL domain of EZH2 
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Upon experimental validation of EZH2’s S-nitrosylation and its effect on EZH2-SUZ12 

interaction, catalytic activity, localization and EZH2 protein stability, we next employed 

molecular dynamics analysis to understand the effect of S-nitrosylation on EZH2 

interaction with SUZ12 protein. Through alphafold modelling of EZH2-SUZ12, we showed 

the initial conformations of the EZH2-SUZ12 complex in both the EZH2 WT and EZH2 S-

nitrosylated at C324 (originally C329) and C695 (originally C700) residues (Figure 4.2.2.1 

A) while also clearly visualizing the S-nitrosylation at C324 (Figure 4.2.2.1 B) and C695 

(Figure 4.2.2.1 C).  

 

Figure 4.2.2.1 Structural illustration of the initial structural alignment of the wildtype 

and S-nitrosylated EZH2 protein of the EZH2-SUZ12 complex (A). The magenta and 

green color represents the EZH2 chain of both WT and S-nitrosylated version, while the 

cyan and red color indicates the SUZ12 chain. (B) It also provides a close-up view of S 

nitrosylation at position C324 of EZH2 in the S-nitrosylated protein and (C) also zooms in 

on the S-nitrosylation at position C695 of EZH2 in the S-nitrosylated protein.  

 

 

The RMSD calculations elucidate the extent to which the conformations of the EZH2 WT 

and EZH2 S-nitrosylated complexes deviated from their initial states during the course of 
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MD simulations. In comparison to the WT complex, a sharp rise of RMSD values is 

observed for S-nitrosylated complex after 100 ns indicating possible change in the overall 

conformations during the simulations. A system showed larger conformational changes for 

EZH2 S-nitrosylated than for EZH2 WT complex (Figure 4.2.2.2 A). 

Gamblin et al. (2016) reported that residues 112 to 121 within the SAL pack 

engage with the SET-1 region, serving to stabilize its conformation within the active 

complex108. Importantly for regulation in the human PRC2 complex, the conserved acidic 

residues 584-588 of SUZ12 reciprocally pack against residues 112-121 of SAL. 

Consequently, we conducted measurements of the backbone RMSD for both residue 

ranges, 112-121 of SAL and 584-588 of SUZ12, revealing a significant fluctuation in the 

RMSD within the SAL region of EZH2 S-nitrosylated with little to negligible RMSD 

fluctuation for SUZ12 residues ranging from 584-588 (Figure 4.2.2.2 B-C). 

 

Figure 4.2.2.2 Backbone RMSD calculation for the WT & S-Nitrosylated version of 

EZH2 (A-D) (A) Backbone RMSD of Wildtype and S-nitrosylation, and (B) Backbone 

RMSD of Wildtype and S-nitrosylation of residue ranges 112-121 of SAL. (C) Backbone 

RMSD of Wildtype and S-nitrosylation of residue ranges 584-588 of SUZ12. 
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Another crucial parameter of MD is root mean square fluctuation (RMSF) to determine the 

flexibility of protein residues. The RMSF value of both EZH2 WT and EZH2 S-nitrosylated 

remained relatively stable with a nearly similar trend. (Figure 4.2.2.3).  

 

Figure 4.2.2.3 RMSF calculation to determine the protein flexibility for WT and S-

nitrosylated EZH2.  MD analysis using root mean square fluctuation (RMSF) to determine 

the flexibility of protein residues for both WT and S-nitrosylated SAL (region of EZH2) and 

SUZ-12. The RMSF value of both S-nitrosylated and WT residues remained relatively 

stable with a nearly similar trend, whereas the residues near the SAL and long loop region 

(residue 112-121 and 345-421) displayed significant fluctuations. 

 

Primarily, the residues near the SAL and long loop region (residue 112-121 and 345-421) 

display significant fluctuations. Apart from these loops and SAL region of EZH2, RMSF 

analysis shows stable interactions in both the simulated complexes. Subsequently, we 

visualized the interface hydrogen bond interactions between SAL residues 112-121 and 

SUZ12 residues 584-588 throughout 1 µs simulation. Interestingly, in the EZH2 WT, we 

observed the oxygen atom of LEU166 in EZH2 interacting through the hydrogen bond with 
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LYS587 of SUZ12 and the HE22 atom of GLN117 in EZH2 interacting with the OD2 atom 

of ASP585 in SUZ12 (Figure4.2.2.6 A-B). These interactions persisted throughout the 

simulation. In the case of S-nitrosylated mutant, these two hydrogen bond interactions 

were initially established and maintained up to 300 ns. However, beyond this time point, 

the interactions were no longer observed. 

Hydrogen bonds (H-bonds) are important non-covalent interactions that help stabilize 

protein-ligand and protein-protein complexes. To better understand the dynamics of these 

interactions at the interface, we analysed the H-bonds formed between specific residues 

112-121 of SAL and 584-588 of SUZ12. This examination allowed us to gain insights into 

the overall stability and binding strength of the complexes (Figure4.2.2.4 A). During the 

simulations, we closely observed the formation of H-bonds within a distance of 3.5 Å.  

Upon conducting the analysis, it was discovered that the specific residues 112-121 of SAL 

were found to interact with 584-588 of SUZ12 in the EZH2 WT complex. This interaction 

resulted in an average of 2 hydrogen bonds. Conversely, the S-nitrosylated counterpart 

exhibited a significantly lower average of 0.35 hydrogen bonds suggesting EZH2 WT 

complex have stronger interactions than EZH2 S-nitrosylated variant. This observation 

also aligns with the energy profile (Figure4.2.2.4 B).  
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Figure 4.2.2.4 H-bond formation and energy profile calculation for the SAL region 

of EZH2 and SUZ-12. (A) H bond contact formed between residues 112-121 of SAL and 

584-588 of SUZ12 over the course of 1µs MD simulation. (B) MMPBSA binding free 

energy. 

 

We further measured the distance between the oxygen atom of LEU166 in EZH2 and the 

hydrogen atom of LYS587 in SUZ12, as well as the distance between GLN117 in EZH2 

and ASP585 in SUZ12. A sharp increase in the distance between GLN117 and the 

interacting residue ASP585 after 150 ns in the EZH2 S-nitrosylation complex simulation. 

(Figure4.2.2.5) was observed, that ultimately led to the disruption of the interaction.   
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Figure 4.2.2.5 H-bond Distance calculation between specific atoms of EZH2 and 

SUZ 12 H bond distance between the oxygen atom of LEU166 in EZH2 with and hydrogen 

atom of LYS587 in SUZ12, and the HE22 atom of GLN117 in EZH2 with the OD2 atom of 

ASP585 in SUZ12. 

 

Such distance between the oxygen atom of LEU166 in EZH2 and the hydrogen atom of 

LYS587 in SUZ12, as well as the distance between the HE22 atom of GLN117 in EZH2 

and its interacting atom OD2 of ASP585 in SUZ12 at 100 ns (after stabilization of the 

complex upon initial simulation) and at 800 ns, was also presented through the structure 

analysis (Figure 4.2.2.6 A-D). 
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Figure 4.2.2.6. Structural analysis for the WT and S-nitrosylated EZH2 at C324 and 

C695 through GROMACS 5.1.5 version. (A-D) Structural illustration of EZH2-SUZ12 

complex near the SAL (112-121) domain of EZH2 in both EZH2 WT and EZH2 S-

nitrosylated forms at 100 ns and 800 ns of simulation. Structural data reflects the distance 

between unique residues of EZH2 (LEU116 and GLN117) and SUZ12 (ASP585 and 

LYS587) to reflect potential for hydrogen bonds which were lost at 800 ns only in EZH2-

SUZ12 complex having S-nitrosylated form of EZH2 at C324 and C695. 

 

To determine the more accurate free energy binding of all complexes, we utilized the 

MM/PBSA-based method. The binding free energy in this context refers to the total of all 

non-bonded interaction energies between the EZH2 and SUZ12 during the MD simulation, 

including van der Walls, electrostatic, polar solvation, and SASA energies. A more 

negative binding free energy indicates a stronger affinity between the EZH2 and the 

SUZ12. We calculated the binding free energies using 1µs MD trajectory, revealing that 

EZH2 WT and EZH2 S-nitrosylation have a binding free energy of -4649.807 ± 454.449 

kJ/mol and -4582.981 ± 453.056 kJ/mol, Subsequently, estimation of their contributions to 

overall ∆∆G_bind=66 kJ/mol indicates that the contributions vary from one system to the 
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next. On average, the wildtype state tends to have a marginally higher contribution (Figure 

4.2.2.7 A and Table 4.2.2.1). Furthermore, the comparison of the binding energy 

decomposition between selected residue of SAL and SUZ12 in EZH2 WT and EZH2 S-

nitrosylated complexes located at the binding interface reveals that the EZH2 WT 

predominantly contributes to binding in locally stabilizing manner, Conversely, EZH2 S-

nitrosylation displays less contribution to binding energy and these effects might be the 

consequence of introduced nitrosylation at cysteine 324 and 695. (Figure 4.2.2.7 B-C). 

Overall, these modeling results suggest that S-nitrosylation of the cysteine residues might 

induce a conformational change in the SAL region which is crucial for the regulation of the 

PRC2 complex. This conformational change weakens the SUZ12-SAL interaction, 

ultimately resulting in the destabilization of the SUZ12-EZH2 complex. 

 

Figure 4.2.2.7 Binding free energy calculation for EZH2 and EZH2-SUZ12 complex 

(A) MMPBSA binding free energy.  (B) Binding energy per residue of 112-121 of EZH2, 

(C) Binding energy per residue of 584-588 of SUZ12 
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Table 4.2.2.1: Contribution of individual interaction components and binding 

free energy for the EZH2-SUZ12 Complex. 

 

4.3  DISCUSSION: 

The complex array of post-translational modifications (PTMs) intricately enriches our 

understanding of protein functions and regulation, adding layers of depth, knowledge and 

complexity to our understanding. Among these modifications, S-nitrosylation emerged as 

a pivotal regulator, involving the covalent attachment of a NO moiety to cysteine residues 

of target proteins. As discussed above in detail, this enzymatic reaction has diverse 

implications in various diseases and cellular processes as it extends an important role in 

various cardiovascular diseases and associated disorders.  This process also plays an 

important role in many other disease conditions such as during neurodegenerative 

disorders like Alzheimer’s and Parkison’s disease or during cancer, inflammation, immune 

response, drug resistance, oxidative stress and redox signalling etc. For eg- S-

nitrosylation of β-amyloid precursor protein (APP) and tau, protein occurs during 

Alzheimer’s which promotes the cleavage of APP and production of amyloid-beta (Aβ), 

leading to neuronal dysfunction and neurodegeneration148. During Parkison’s as well S-

Compounds Van-der Waal 

energy 

(kJ/mol) 

Electrostatic 

energy 

(kJ/mol) 

Polar 

solvation 

energy 

(kJ/mol) 

SASA 

energy 

(kJ/mol) 

Binding 

energy 

(kJ/mol) 

Wildtype -1630 ± 62 -7099 ± 618 4275 ± 332 -196 ± 10 -4649 ± 454 

S-nitrosylation -1657 ± 76 -6642 ± 706 3923 ± 351 -206.485 ± 7 -4583 ± 453 
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nitrosylation results in enhancing the oligomerization of α-synuclein protein that support 

neurotoxicity, and contribute to dopaminergic neuron degeneration149,150. Altered S-

nitrosylation of proteins involved in DNA repair and apoptotic pathways occur conferring 

resistance to chemotherapy agents151 leading to drug resistance has also been observed. 

Another example of S-nityrosylation of proteins leading to diseased pathophysiology 

including Ras and NF-κB, which regulate pro-inflammatory cytokines and chemokines 

expression and promote tumor growth and survival in many cancer types87. 

In recent years, the integration of computational tools and experimental approaches has 

facilitated the identification and characterization of putative S-nitrosylation sites within key 

proteins, offering invaluable insights into their functional consequences. In the context of 

epigenetic regulation, the PRC2 stands out as a key player in controlling gene expression 

involved in cellular differentiation and cell type identity through the methylation of histone 

H3 lysine 27 (H3K27me3). EZH2, a methyltransferase enzyme which is the main subunit 

of PRC2, is responsible for catalyzing the addition of methyl groups to histone H3 on lysine 

residues leading to a repressive chromatin state. The catalytic activity of this PRC2 

complex resides in the SET domain of the EZH2. EZH2 orchestrates histone methylation, 

modulating gene expression patterns pivotal in diverse biological processes, including 

development, differentiation, and disease pathogenesis.  

Dysregulation of EZH2, via overexpression or activating mutations, is associated with 

various cancers as it results in aberrant histone methylation39,152. For e.g.-The increased 

expression of EZH2 has been recognized as a marker in breast cancer-initiating cells, 

potentially reflecting its involvement in regulating cellular stemness. Within a subset of 

lymphomas153 missense mutations in EZH2 have been identified in recent studies154. 

These mutations, particularly at residues Y641 and A677, have been found to be linked to 
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upregulation of the tri-methylase activity of EZH2. Consequently, mutant cells retaining at 

least one wild-type allele exhibit elevated global levels of the H3K27me3 mark152,155.  

The findings of the crystal structure of the SET domain of EZH2 sheds light on the 

molecular mechanisms underlying its function and dysregulation in various disease 

conditions such as cancer. The crystal structure confirms the similarity of the SET domain 

of EZH2 with other SET domain containing methyltransferases. However, the dissimilarity 

arises among the positioning of certain domains within EZH2.Notably, the I-SET and post-

SET domains of EZH2 are found in unconventional positions relative to the core SET 

domain. This abnormal arrangement results in the incomplete formation of the cofactor 

binding site and the obstruction to the substrate binding groove155. Additionally, a novel 

CXC domain located at the N-terminal of the SET domain may contribute to this inactive 

conformation. This further validates the importance of the interactions within the PRC2 

complex that influence the conformation of EZH2 and in turn affecting its catalytic state.  

While the regulation of EZH2 activity and stability has been extensively studied, the role 

of S-nitrosylation in modulating EZH2 function remains poorly understood. The strategy of 

using in silico prediction software to identify potential cysteine residues in the EZH2 protein 

that could possibly be S-nitrosylation has been employed. For this, we used an online tool 

that has been published and validated by Xue et al., 2010, and identified the potential S-

nitrosylation sites within EZH2. Using this pre-validated software, we performed an in silico 

analysis to predict possible cysteine residues that could be S-nitrosylated and identified 

three cysteine residues at position 260, 329 and 700 (out of 34 total cysteine present in 

EZH2) that were predicted to be S-nitrosylated. This prompted us to investigate into the 

functional implications of S-nitrosylation at these specific sites. Also, the preliminary in-

silico analysis along with molecular simulation studies have suggested that mutation at 
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predicted S-nitrosylation sites of EZH2 may induce structural alterations, thereby 

modulating its stability and catalytic activity. The comprehensive validation of these 

predictions through integrated computational and experimental approaches have proven 

the complex interplay between S-nitrosylation and EZH2 function. 

Through a combination of immunoblot and computational modelling experiments, we 

identified cysteine residues 329 and 700 as critical sites for S-nitrosylation-mediated 

regulation of EZH2. These findings are consistent with previous reports highlighting the 

importance of cysteine residues in mediating redox-dependent modifications of 

proteins156. Through site-directed mutagenesis, we specifically identified that S-

nitrosylation of Cysteine 329 and Cysteine 700 residues were responsible for EZH2 

protein translocation/degradation and catalytic deactivation respectively. Molecular 

dynamics analysis suggested structural changes in EZH2 protein upon S-nitrosylation 

causing instability of EZH2-SUZ12 complex. 

Our molecular dynamics simulation study provided evidence that upon S-nitrosylation of 

EZH2 at C329 and C700, caused changes in the structure of EZH2 SAL domain leading 

to dissociation of SUZ12 binding with EZH2. Furthermore, through site directed 

mutagenesis of EZH2 at C329 and C700 depicted that S-nitrosylation of C329 is 

responsible for EZH2 cytosolic translocation and degradation while S-nitrosylation of C700 

was primarily responsible for catalytic inactivation of EZH2.  
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Figure 4.3.1 Schematic depicting the effect of point mutation on cysteine residues 

of EZH2 converting them to serine, impacting its stability, translocation and 

catalytic activity upon upon S-nitrosylation. Upon S-Nitrosylation EZH2 undergoes a 

decline in its protein levels, disassociation of the SUZ 12 leading to the disassembly of the 

PRC2 complex along with a decline in H3K27me3 levels which marks a decrease in its 

methyltransferase activity as well. In-silico prediction analysis revealed 3 cysteine 

residues on EZH2(position 260,329 & 700) that undergo S-nitrosylation that are mainly 

involved in maintaining the stability and methyltransferase activity of the PRC2 complex. 

Upon insertion of point mutations at these residues leading to their conversion to serine 

depicted the importance of these sites in regulating the PRC2 complex. Cysteine 329 is 

involved with maintaining the stability of the PRC2 complex and regulating its translocation 

whereas cysteine 700 is involved with maintenance the catalytic activity of the PRC 2 

complex. 

 

By integrating computational and experimental methodologies, we have successfully 

identified and verified the specific cysteines responsible for such an effect on the EZH2 
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landscape. Together our study aims to connect the bridge between experimental assays 

and molecular dynamics simulations, offering a comprehensive understanding of the 

regulatory roles of S-nitrosylation on EZH2 function. Ultimately, this understanding of the 

structural basis of EZH2 dysregulation provides valuable insights and these findings may 

pave the way for the development of novel therapeutic strategies targeting EZH2-

mediated epigenetic dysregulation in various disease settings. Furthermore, elucidating 

the intricate mechanisms governing PRC2 function opens avenues for exploring novel 

approaches to modulate chromatin regulation in various cellular processes 
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Chapter 5:                                    

Conclusion, Limitations and Future 

Perspectives 
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5.1  THESIS CONCLUSION 

In this study, we have addressed whether S-nitrosylation-mediated post-translational 

modification on the cysteine residues of histone methyltransferase EZH2 had any impact 

on its stability, translocation and catalytic activity. We have also identified the specific 

cysteine residues on EZH2 responsible for maintaing its structural and functional activities 

and how S-nitrosylation (a PTM) could function as an epigenetic modifier and can regulate 

the gene expression changes. It has also provided proof on the interplay between NO 

signaling and epigenetic regulation through the modulation of EZH2 by elucidating the role 

of S-nitrosylation in regulating EZH2 function, localization, and stability.  It has also 

demonstrated this role on the regulation of endothelial functions such as migration and 

survival. 

With the help of molecular simulations studies and experimental assays, we identified 

specific cysteine residues (C329 and C700) within EZH2 as critical targets of S-

nitrosylation, orchestrating its subcellular localization, catalytic activity, and interaction 

with other PRC2 components. 

In conclusion, these findings highlight the significance of post-translational modifications, 

particularly S-nitrosylation, in governing EZH2 activity and the dynamics of the PRC2 

complex. Moreover, this study also bridges the gap between NO signaling and epigenetic 

regulation in EC , by shedding light on a previously unexplored aspect of NO-mediated 

cellular function. 

The integration of molecular dynamics simulations with experimental validation, has 

increased our understanding of the complex regulatory mechanisms governing EZH2 

function. Furthermore, the identification of specific cysteine residues as key regulators of 

EZH2 activity opens avenues for the development of targeted therapeutic strategies aimed 

at mitigating epigenetic dysregulation in various disease contexts. 
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This study not only uncovers a novel mechanism of NO-mediated epigenetic regulation 

but also explains the potential of targeting S-nitrosylation of EZH2 and further emphasizing 

its therapeutic role in human diseases characterized by aberrant epigenetic alterations, 

thereby paving the way for innovative treatment strategies in diverse pathological 

conditions. 

 

5.2 LIMITATIONS 

• Although we have focused our experiments on the role of S-nitrosylation in regulating 

EZH2 stability, localization and function, we are cognizant that this effect may not be 

a direct consequence of nitrosylation rather a chain of event that possibly modulate 

other post-translational modification of EZH2 which may be analysed in future studies.  

• We have not explored inducible NOS (iNOS) driven NO mediated effect on EZH2 S-

nitrosylation and its associated regulation.  

• We are still not clear about the mechanism of EZH2’s cytosolic translocation upon NO 

exposure which can be explored in future studies. 

• Also, the physiological relevance of this effect of NO on EZH2 and PRC2 complex in 

the context of the functioning of the blood vessels is yet to be discovered. 

 

5.3 FUTURE PERSPECTIVES 

We observed how NO signaling can regulate the epigenetic processes by post-

translationally modifying EZH2 and thereby regulating gene expression. This will open up 

a new area of research on identifying the nitrosylation dependent regulation of epigenetic 

processes via NO generated through eNOS/iNOS/nNOS in diverse cell types, thereby 

mediating NO-induced gene expression changes.  
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Future investigations are needed to elucidate the precise mechanism by which EZH2 

translocate into the cytosol upon exposure to NO. Furthermore, exploring the physiological 

significance of this NO-induced effect on EZH2 in relation to the functionality of blood 

vessels remains a key area for future research. 

This study can also lay the foundation to further explain how NO can mitigate signaling 

through governing epigenetic processes and understanding the effect of global 

nitrosylation in governing diverse epigenetic processes and utilizing this knowledge to 

identify new signalling mechanisms and targets that can be altered for better therapeutic 

outcomes. 
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