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Epigenetic Code

ÅGenetic code is same in all cells in an organism

ÅEpigenetic code is cell and tissue specific

ÅGene expression modulated by chromatin folding, 

chemical modifications and recruitment of 

transcriptional machinery

ÅEpigenetic modifications are inherited, but may be   

responsive to environmental influence eg injury, 

stress, exposure to toxins, dieté.



Chemical modifications of 

DNA and histone proteins  

ÅDNA Methylation

ÅCovalent modifications 

of histone tails



Covalent 
modifications
of histone tails



Modifications may be activating 

or repressing

H3K4 H3K9 H3K27 H4K20

Me Activation Activation Activation Activation

Me3 Activation Repression Repression

Ac Activation Activation
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Modulating a late stage mediator 

is unlikely to be effective

Birth Death

Trauma - tissue damage/ nerve injury/ surgery

- infection

- stress/ abuse

- ischemia

- toxins

- drugs 10 100 1000

Nos of genes/ proteins, up/down regulated



A modification can effect multiple genes

Wang et al, 08

CD4+ T cells

17 modifications in 

3286 promoters

More modifications 

associated with further 

increased expression

TSS = Transcription start site



Maternal care alters glucocorticoid receptor 

expression

ÅMaternal care: activates 5HT7, increases cAMP, TF NGFI-A and histone acetylation, 

decreases DNA demethylation and increases GR expression

ÅMethionine promotes methylation and Low LG phenotype

ÅHDAC inhibs increase acetylation and High LG phenotype

McGowan et al 08TSA ïTrichostatin A (HDAC inhib), SAM ïS adenosyl methionine



Childhood abuse decreases 

glucocorticoid receptor

Post mortem hippocampus

Decreased GR, leads to increased stress response 

Also decreased NGFI-A
McGowan et al 09



Childhood abuse increases methylation

of glucocorticoid receptor

McGowan et al 09



Prenatally undernourished rats show changes 

in methylation and gene expression

Protein restriction in pregnant mother leads to following in offspring

- Reduced promoter methylation of PPARŬ

- Increased PPARŬmRNA

- Increased acyl CoA oxidase mRNA

- Increased circulating ketone B hydroxybutyrate

Effects reversed by folate in maternal diet
Gluckman et al 08



T cell differentiation is associated with 

modifications of signature cytokines

H3K4me3 -

activating

H3K27me3 -

repressing

ÅGenome wide 

maps - ChIP Seq

ÅSignature cytokines 

as expected

Wei et al 09



JmjD3 is increased in activated macrophages

De Santa et al 07
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Partner accountabilities
Partners Protein 

purification

Structure 

determination

Chemi-

informatics

Medicinal 

chemistry
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HTS Secondary/ 

Cellular 

assays

Probe 

deposition/ 

Project 

management

GSK

Pharma 2

Pharma 3

NCGC

Chem -

Oxford

Chem -

UNC

Chem -

OICR

Chem -

UMEA

Biochem -

Oxford

SGC



Aim: 40+ probes in 4 years

Oxford project (25 probes)

üLysine demethylases
üBromo domains
üTudor domains

Toronto project ( 12 probes)

üHistone methyl transferases
üHistone acetyl transferases
üMethyl lysine binding domains

Stockholm (5 probes)

üArginine methyl - transferases
üPoly (ADP ribose) polymerases
üPlant homeodomain methyl lysine binding 
domains



Probe criteria

ÅKd or Ki Ò 100nM in purified protein 

assay

ÅSelectivity Ó30-fold vs proteins in other 

subfamilies 

ÅDemonstration of direct interaction with 

target protein in cells at Ò1uM
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KAc on histone tails


