
What is Epigenetics?
• Layer of regulation that controls activity of 

genes while not changing the DNA itself
Motivation
• Epigenetic tags are linked to cancer 

biology. 
• Understanding underlying mechanisms 

advances research towards personalized 
cancer treatments

Why Histone H3 Tail?
• Largest # of known epigenetic tags
• Experimental collaboration
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System ∆Energy (kcal mol-1)

1 Control 35.48

2 -10 AA 24.42

3 GGA 35.53

4 Phos. 29.88

5 Acetyl 32.86

Epigenetic Tags
• Phosphorylation
• Acetylation
• MethylationLegend:    phosphorylation    acetylation

H3 Tail Sequences & Mutants Studied
#1: ARTKQTARKSTGGKAPRKQLATKAARKSAPTGGVKKP
#2: ARTKQTARKSTGGKAPRKQLATKAARKSAPTGGVKKP
#3: ARTKQTARKSGGAGGAGGAGATKAARKSAPTGGVKKP
#4:ARTKQTARKSTGGKAPRKQLATKAARKSAPTGGVKKP
#5: ARTKQTARKSTGGKAPRKQLATKAARKSAPTGGVKKP

Reaction coordinate

All-Atomistic Molecular Dynamics Simulation Box

60-70 umbrella sampling windows

Methods & ResultsResearch Question
How do modifications 
to the histone H3 tail  

shift interactions 
between DNA and 
histone proteins?

Background & Motivation

Stretched end to end your 
DNA would go to the sun 
and back 300 times!

Histones wrapped 
by  ~147bp of 
DNA makes a 

nucleosome

Genes wrapped 
around histones 
are inaccessible 
and turned off

Epigenetic regulation 
impacts our health and 
shapes who we are

Reversible and 
inheritable
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