Modulation of Cell Differentiation and
Epigenetic Landscape by Methionine
Metabolism

by
Yudong Sun

Department of Biochemistry
Duke University

Defense Date: March 21, 2024

Approved:

Meta Kuehn, Supervisor

Michael Boyce

Christopher Nicchitta

Xiao-Fan Wang

Dissertation submitted in partial fulfillment of the requirements for the degree of
Doctor of Philosophy in the Department of Biochemistry
in the Graduate School of Duke University
2024



ABSTRACT

Modulation of Cell Differentiation and Epigenetic
Landscape by Methionine Metabolism

by
Yudong Sun

Department of Biochemistry
Duke University

Defense Date: March 21, 2024

Approved:

Meta Kuehn, Supervisor

Michael Boyce

Christopher Nicchitta

Xiao-Fan Wang

An abstract of a dissertation submitted in partial fulfillment of the requirements
for
the degree of Doctor of Philosophy in the Department of Biochemistry
in the Graduate School of Duke University
2024






Abstract

Histone modifications are an integral component of epigenetic mechanisms, cru-
cially influencing DNA accessibility and gene expression. These modifications
are increasingly recognized as being deeply intertwined with cellular metabolism,
particularly through the use of metabolic intermediates as substrates or catalytic
cofactors for histone modifiers. This is especially evident in the metabolism of
methionine, which significantly affects histone methylation by modulating the
availability of substrates for histone methyltransferases. The activities of these
enzymes are highly sensitive to substrate concentration due to their unique ki-
netic properties. Despite some degree of observation and study, the direct impact
of methionine availability on specific histone modifications, like H3K36me3, and
their ensuing effects on cellular functions have not been extensively explored.

To address this knowledge gap, I employed a combination of genetic, biochem-
ical, and pharmacological approaches to examine the consequences of methionine
restriction on H3K36me3 and its impact on cellular differentiation. This involved
characterizing the dynamics, and reversibility of these processes, and identifying
the mediating factors between methionine and cellular differentiation. Our find-
ings highlight a significant dependency of myogenic differentiation on methion-
ine and establish the methionine-SAM-SETD2 pathway as a critical component in
this process.

This work provides compelling evidence of a connection between nutrient sta-
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tus and cell-fate determination, potentially mediated by histone status. These in-
sights offer new perspectives on the complex interplay between metabolism and
epigenetics, laying the foundation for a more profound understanding of how

these processes interconnect to influence cellular fate decisions.
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List of Abbreviations and Symbols

DNA  Deoxyribonucleic Acid
LECA Last Eukaryotic Common Ancestor
SAM  S-adenosylmethionine
TCA  Tricarboxylic Acid Cycle
MAT2A Methionine Adenosyltransferase 2a
MTs  Methyltransferases
SAH S-adenosylhomocysteine
AHCY Adenosylhomocysteinase
MS Methionine Synthase
HMTs Histone Methyltransferases
HP1 Heterochromatin Protein 1
NURF  Nucleosome Remodeling Factor
PTB Polypyrimidine Tract-Binding Protein
IDH Isocitrate Dehydrogenase
2-HG 2-Hydroxyglutarate
a-KG a-ketoglutaric Acid
C2C12 Mouse Myoblast Cell Line
MyHC Myosin Heavy Chain
MTA 5’-Methylthioadenosine

ATP Adenosine Triphosphate
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DM

MR

MD
ChIP-Seq
SETD2
cLEU
ATAC-Seq

GREAT
RNAPII
SRI
CTD
STAT1
IFNa
GO
CRISPR
WT

KO
CTL
GREAT

Growth Media

Differentiation Media

Methionine Restriction

Methionine Depletion

Chromatin Immunoprecipitation Sequencing

SET Domain Containing 2, Histone Lysine Methyltransferase
Cycloleucine

Assay for Transposase-Accessible Chromatin using Sequenc-
ing

Genomic Regions Enrichment of Annotations Tool
RNA Polymerase II

Set2-Rbp1 Interaction Domain

C-terminal Domain

Signal Transducer and Activator of Transcription 1
Interferon Alpha

Gene Ontology

Clustered Regularly Interspaced Short Palindromic Repeats
Wild Type

Knockout

Control

Genomic Regions Enrichment of Annotations Tool
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1.7 Scope of this thesis

As previously noted, methionine serves functions beyond just histone methyla-
tion. For instance, its involvement in DNA methylation has also been linked to
roles in epigenetic regulations. Additionally, various facets of methionine metabolism
may have implications for both epigenetic regulation and gene expression. While
there are a multitude of histone modifications beyond just methylation, even within
histone methylation itself, there are a plethora of types to consider.

In this thesis, I delve into the effect of methionine on the specific histone methy-

lation mark, H3K36me, and the implications in myogenic differentiation of C2C12

‘\

FIGURE 1.7: Close-up view of the SET domain substrate binding site. Shown
here are S-adenosylhomocysteine (SAH) and nearby arginine and tyrosine
residues, which have been implicated in S-adenosylmethionine (SAM) binding
and methyltransferase activities. (PDB: 4H12)
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mouse myoblast cells. I've made considerable efforts to control for potential con-
founding factors. While I cannot exclude the influence of other methionine-related
processes on the final cellular outcomes, my objective is to ascertain the roles of
methionine, SAM, Setd2, and H3K36me3 in determining these outcomes. Through

this work, I hope to illuminate some of these intriguing questions regarding metabolism
and epigenetics.

In the forthcoming chapter, I turn my attention to an often-overlooked facet of
methionine metabolism: the bioavailability of S-adenosylmethionine (SAM). I dis-
cuss the chemical stability of SAM, delve into its cellular transport mechanisms,
and discuss their implications. This consideration is not only vital for designing
experiments but also for interpreting results, insights that have greatly informed
my own research project.

In Chapter 3, I present the main findings from my investigation into the impact

FIGURE 1.8: Morphological changes in C2C12 cells at different stages. (A)
C2C12 cells display a mononucleated, spindle-shaped morphology. (B) Differ-
entiated C2C12 cells demonstrate the formation of multinucleated myotubes.
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