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Post-translational modifications have long been recognized as an important phenomenon in the regulation of protein
function and until recently, phosphorylation has received the most interest and attention. Over the past few years,
however, appreciation for the role of protein acetylation has increased rapidly. Protein acetylation plays a crucial
role in regulating chromatin structure and transcriptional activity and is considered one of the important regulatory
mechanisms that determine protein function, subcellular localization, protein-protein interactions and stability.
Recently a large number of acetylated proteins involved in diverse cellular activities have been reported, suggesting

that acetylation is as global as phosphorylation and should be studied in detail to unravel its cellular role.

To study the global acetylation events at cellular level with the aim to identify new acetylated proteins, I decided to
choose a system with enhanced ectopic gene activation due to massive genomic demethylation. The HCT-116 double-
knockout cancer cells for DNMT1 and DNMT3b (dnmt DKO cells), activate many germ cell-specific genes due to massive
demethylation of their promoters, which is normally methylated in somatic cells. I developed a new technique where I
treated the cells with HDAC inhibitors to enrich cellular acetylated proteins and immunopurified the in-solution trypsin-
digested acetylated peptides with the help of anti-AcLys antibodies. These acetyated peptides were subjected to MS/MS
analysis. This method allowed me identifying a significant number of new acetylated proteins both in parental and dnmt
DKO cells. I have identified about 302 acetylated proteins in parental cell line while only 116 acetylated proteins was
confirmed in cells not expressing DNMT. Only 43 proteins overlap between the two datasets while the rest are unique to
corresponding cell lines. Among the data set, I identified 171 and 56 novel acetylated proteins in parental and DKO cells
respectively, never reported before. In addition to this I have identified new acetylation sites for 131 and 56 acetylated
proteins in parental and DKO cells respectively. This data demonstrates that aberrant epigenetic gene expression due to
DNMT deregulation may lead to global changes in the patterns of protein acetylation either to compensate for the resultant
deregulation of different cellular processes or act as homeostatic process to try to correct the aberrant gene expression by

changing the acetylation status of different effecter proteins involved in either transcription or translation.




In addition to a number of acetylated proteins identified, our laboratory recently demonstrated acetylation of an
important cellular protein, eukaryotic translation initiation factor SA (eIF5A), and studied its function in yeast cellular
biology. elF5A has been shown to be essential for eukaryotic cell growth and survival. It was originally presumed
as one of the essential translation initiation factors. However, it is recently shown to be nonessential for translation
initiation but is involved in many cellular processes such as translation elongation and mRNA transport. It is the only
known protein that is modified with a unique polyamine derived amino acid, hypusine [ Ne-(4-amino-2-hydroxybutyl)
lysine], at a specific lysine residue i.e. lysine 50 in human elF5A. Although our lab recently demonstrated the role
of e[F5A acetylation in yeast cells, its cellular importance in mammalian cells is unknown. In humans, there exist
two paralogues of eIFSA named eIF5A1 and elF5A2. In this study I have investigated the role of eIF5A reversible

acetylation in mammalian cellular physiology.

In order to elucidate the functional role of human elF5A1 acetylation, I searched for the enzyme that drives this
modification and investigated its functional significance. Knockdown and overexpression experiments identified
PCAF as the major cellular acetyltransferase of e[F5A1 whereas histone deacetylase (HDAC) 6 and Sirtuin (SIRT) 2 as
the major deacetylases of eI[FSA1 while SIRT1 also bears moderate deacetylase activity. These results were confirmed
with direct interactions in in-vitro assays. While eIF5A1 shows whole cell distribution, immunocytochemical-
staining using an anti acetylated eIF5A1 antibody showed clear differences in cellular distribution of acetylated and
unacetylated forms of eIF5SA1 with the acetylated form primarily localized in the nucleus where translation does
not occur. Indeed, treatment with HDAC inhibitors (HDACI) or replacement of the acetylatable lysine residue with
glutamine that mimics the acetylation status induced nuclear accumulation of e[F5A1. e[F5A1 acetylation level and
nuclear accumulation was increased in response to increasing glucose concentration in HeLa cells. Furthermore,
I confirmed that mammalian target of rapamycin (mTor) kinase was up regulated parallel to eI[F5A1 acetylation.
Experiments on elF5A1 knockdown confirmed that it indeed is critically required for mTor activation in response to
high glucose concentration. My findings indicate that eI[F5A1 acetylation dictates its subcellular distribution, thereby
regulating eIF5SA1 activity in the cytoplasm. mTor activation in response to eI[F5A1 acetylation gives us a clue about

the possible functional role of e[F5A1 in the nuclear compartment and should be studied in detail in the future.

Mammalian cells possess another paralogue of eI[F5SA named eIF5A2 that shows tissue specific expression. Indeed,
it is highly expressed in testis and brain along with some cancer cell lines, suggesting that e[F5A2 is one of the “off-
context” genes in tumours. The amino acid sequence of eIFSA2 shows over 80% homology with that of elF5A1,
including conserved hypusination and acetylation sites. Previously eIF5A2 had been identified as a tumorigenic
protein that is involved in cell motility and metastasis. I for the first time identified that eIFSA2 also undergoes
reversible acetylation at lysine 47. Interestingly, my results revealed that e[FSA2 acetylation somehow behaves
differently from eIF5Al. I identified HDAC6 and SIRT2 as the deacetylase of eI[F5A2, and found that the acetylated
form was enriched in the nucleus. On the basis of my findings I am suggesting that acetylation may be an important
phenomenon involved in oncogenic activity of e[F5A2 and can potentially be exploited for developing anticancer

therapies.
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