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Eukaryotic chromatin organization

Covalent modifications of DNA and 
histones constitute  Epigenome



Epigenetic modifications of chromatin
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Cellular Memory

Cellular memory in eukaryotic development

Liver Kidney Heart Neuron

Determination

Differentiation

Cells must remember their identity



Cellular memory in eukaryotic development: lessons from fly

Cellular memory is maintained at epigenetic level

Anterior-posterior pattern formation 
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PcG / trxG 

Determination

Differentiation

homeotic genes

maternal genes

gap genes

pair-rule genes
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Polycomb group (PcG) and trithorax group (trxG) proteins:
Gate keepers of cellular memory



Kingston and Tamkun 2006

Wild type

PcG mutant

PcG/trxG mutant

trxG counteracts PcG

PcG/trxG paradigm
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Mechanism of Cellular memory mediated by PcG and trxG

∆PcG or ∆trxG leads to homeotic phenotypes 



PcG/TrxG proteins act at the level of chromatin
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PcG/TrxG proteins act through PREs

PRE Genepromoter

PcG
TrxG

TF



Fab7 GAL4
UAS ß-Galactosidase mini-whiteHSP70P

PcG/TrxG gene regulation in a transgene:

Analysis of FLW transgene

Flw;Tb/Sb

Flw;brm/Sb

Flw;Tb/Sb

Flw;trxE2/Sb

brm : brahma
trx: trithorax



Mechanism of PcG action



PcG proteins are conserved across species 



Human cancers with altered expression of PcG proteins



Environment interacts with Epigenome



Rutherford and Lindquist 1998
Queitsch et al 2002

Hsp90 mediated homeotic phenotypes
• Hsp90 has over 100 client proteins
• conformational maturation of  diverse set of  proteins 



Hsp90 and PcG or trxG???

Epigenetics

Hsp90

Steroid hormone receptors
GR, ER, EcR

Oncogenic tyrosine kinases

Serine/threonine kinases (c-Raf)

Component of core centrosome
Polo kinase

Component of 26S proteosome

JNK associated kinasesSMYD3 HMT

Hsp90

Molecular chaperone Hsp90 and Development



Hsp90 and epigenetics

Sollars et al 2002

Inheritance of Hsp90

Mutant Phenotype in

subsequent Generations

was Independent of Hsp90 

Mutation



Mutations in Hsp90 behave similar to trxG mutations

Hsp90 heterozygous mutants strongly suppress extra sex combs by various Pc mutations

severity of phenotype severity of phenotype

Hsp90 allele: e6A Pc allele      : PcXL5 

Analysis of extra sex comb phenotype in different Pc alleles at different temperatures 



trx trx

hsp90
hsp90(1)

(3)
Imm

hsp90
Immtrx

p23

hsp90

(2)

trx hsp90 Immhsp90p23(4)

trx

hsp90 Immhsp90p23
Ki

na
se

trx

hsp90 Immhsp90p23

Ki
na

se
(5)

nucleus

cytoplasm

Interaction between Hsp90 and PcG or trxG?



Drosophila Development

GFP Ubx GFP + Ubx



Mutations in Hsp90 behave similar to trxG mutations-III

Hsp90 homozygous somatic clones show loss of Ubx expression

Analysis of Ubx expression in Hsp90 somatic clones in the haltere discs



Inhibition of Hsp90 leads to depletion of Trx

•Radicicol treatment of Kc cells 
leads to specific depletion of Trx 
protein within 4 hrs

•CBP, a member of TAC1 trxG 
complex, shows no effect 

Trx in Kc cells after drug treatment



Hsp90 inhibition results in down regulation of Dfd in Kc cells

Hsp90 inhibition results in down-regulation of Trx targets

Analysis of mRNA levels for Trx, tub and Dfd after drug treatment



Chromatin Immunoprecipitation (ChIP) :

Specifically purify chromatin associated proteins and map underneath DNA

anti-PC antibody
anti-Trx antibody

Analysis of purified 
DNA:
Quantitative PCR
Microarray
Deep sequencing

Reverse cross link 
and Purify DNA

Quantitative PCR

Enrichment of PC &
Trx bound chromatin 



Inhibition of Hsp90 leads to depletion of Trx:

Quantification of ChiP from Kc cells after drug treatmentChIP from Kc cells treated with 40μM radicicol



Generation of HspEGFP transgenic flies:

EGFPHsp90 cDNAHsp90p mini-white

Expression of HspEGFP fusion protein in fly heads:



Localization of HspEGFP in un-fixed Salivary glands

2 independent confocal frames



Hsp90 binds to polytene chromosomes



Hsp90 and Trx colocalization:
(without heat shock)

Limited overlap between Hsp90
and Trx at polytene chromosomes 



Hsp90 and Trx colocalization: (with heat shock)



Hsp90 interacts with Trx protein

Hsp90 binds to Trx binding sites across Abd-B region

Embryonic nuclear extract: co-ip

ChIP in SF4 cells



MLL in HEK293 cells after drug treatment

•Radicicol treatment of HEK293 
cells leads to specific depletion of 
MLL-N within 4 hrs

•MLL-C shows no effect
•p53, a known Hsp90 client

Inhibition of Hsp90 leads to depletion of MLL

MLL :Mixed lineage leukemia 
Trx homologue in mammals



Conclusions
Mutations in Hsp90 behave like trxG mutations
•FLW transgene
•extra sex comb analysis
•loss of Ubx expression in somatic clones in haltere discs 

Pharmacological inhibition of Hsp90 affects Trx protein levels
Radicicol treatment of Kc cells leads to:
•Depletion of Trx within 4 hrs of treatment
•Dissociation of Trx from chromatin (70% reduction) but does not affect PC levels
•Down-regulation of AbdB and Dfd genes 
•Global H3Ac levels are reduced by radicicol treatment
•Inhibition of Hsp90 leads to specific MLL-N320 degradation in HEK293 cells

•Co-immunoprecipitation of endogenous Hsp90 and Trx, from embryonic nuclear extracts

Hsp90 binds to chromatin
•Polytene chromosome staining with anti-GFP and anti-Hsp shows binding in interband regions
•Hsp90 co-localizes with Trx at a number of sites including heat shock puffs after heat shock
•Hsp90 and Trx co-localize at heat-shock puffs in both wild type and HspEGFP transgenic flies

•Hsp90 associates with Abd-B region in SF4 cells



Hsp90
Trx

PcG and TrxG mediated inheritance

Epigenetic progenitor model:

Modulation of cellular memory by Hsp90-Trx nexus may lead to cells with 
altered identity, eventually leading to beginning of disease
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