


Epigenetics Publications in PubMed

The number of publications in
the field increased dramatically
in the last 10 years.
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Epigenetic
eraser

Writers

e.g., HATs, HMTs

or PRMTs
Erasers
e.g., HDACs
and KDMs

e Transcriptional activation
or repression

e Changes in DNA replication

e Changes in DNA damage
repair

Epigenetic
reader

Readers

e.g., bromodomains,
chromodomains
and Tudor domains

Nature Reviews | Drug Discovery
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PRINCIPLES OF METABOLIC
RATE DEPRESSION




TURNING OFF GENES:
ROLE OF EPIGENETICS

GOMMONENMECHENISINSE




1. DNA Methylation. Methylation of cytosines
= at CpG dinucleotides in promoter regions.
| CG | . .
e Methylation attenuates gene expression.

THE CELL 5e, Figure 7.41

Epigenetics: the study of heritable
changes in gene expression that do
not depend on gene DNA sequence.

2. Histone Modification. Post-translational
modifications on histone tails affect histone:DNA
interactions to influence accessibility of promoter
regions to transcriptional machinery.

Protein-coding region —___miRNA 3. Non coding RNAs. MicroRNAs base-pair with

of target gene mRNA

3UTR complementary sequences in mMRNA to achieve
“q | translational repression or target degradation




DNA METHYLATIO'N

Active Transcription

Repression by
inhibition of TF binding

Hypermethylation
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DNA Methylation &
Mammalian Hibernation

J Exp Biol. 2015 Apr 23. pii jeb.116046. [Epub ahead of prini]

Dynamic changes in global and gene specific DNA methylation during hibernation in adult thirteen-lined ground
squirrels, Ictidomys tridecemlineatus.

Alvarado S', Mak T2, Liu $2, Storey KB®, Szyf M*.

+ Author information

Abstract

Hibernating mammals conserve energy in the winter by undergoing prolonged bouts of torpor, interspersed with brief arousals back to euthermia.
These bouts are accompanied with a suite of reversible physiological and biochemical changes; however, much remains to be discovered about the
molecular mechanisms involved. Given the seasonal nature of hibernation, it stands to reason that underlying plastic epigenetic mechanisms should
exist. One such form of epigenomic regulation involves the reversible modification of cytosine bases in DNA by methylation. DNA methylation is well-

known to be a mechanism that confers upon DNA its cellular identity during differentiation in response to innate developmental cues. However, it has

o
recently been hypothesized that DNA methylation also acts as a mechanism for adapting genome function to changing external environmental and Ch a nges I n
experiential signals over different time scales, including during adulthood. Here, we tested the hypothesis that DNA methylation is altered during
hibernation in adult wild animals. This study evaluated global changes in DNA methylation in response to hibernation in the liver and skeletal muscle of
thirteen-lined ground squirrels along with changes in expression of DNA methyltransferases (DNMT1/3B) and methyl binding domain proteins (MBDs). D N A

A reduction in global DNA methylation occurred in muscle during torpor phases whereas significant changes in DNMTs and MBDs were seen in both
tissues. We also report dynamic changes in DNA methylation in the promoter of the myocyte enhancer factor 2C (mef2c) gene, a candidate regulator m eth I at ion
of metabolism in skeletal muscle. Taken together, these data show that genomic DNA methylation is dynamic across torpor-arousal bouts during y

winter hibernation, consistent with a role for this regulatory mechanism in contributing to the hibernation phenotype.

Alvarado, S., Mak, T., Liu, S., Storey, K.B., and Szyf, M. 2015. & DNMTs
J. Exp. Biol. 218: 1787-1795 restrict gene

transcription
during torpor




This code is maintained by:
“WRITERS,” enzymes that can methylate and acetylate
“ERASERS,” enzymes that can demethylate and deacetylate

“READERS,” enzymes that recognize, bind and recruit other
proteins to the modifications

Transcription | |

Transcription

The recruited proteins then act to alter chromatin structure to
promote or repress transcription.




Available online at www scencedirect.com
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Evidence for a reduced transcriptional state during hibernation
in ground squirrels ™

Pier Jr Morin®, Kenneth B. Storey

fastiute of Bischemintry and Department of Chemirtry, Carleton Untsersity, 1125 Colonel By Drive, Oviawa, Ont., Cavada KIS 585

Reccivad 14 Muarch 20060 accepled 4 August 2006
Avsdlabie online 13 Scptomber 2006

Abstract

During mammalizn hibernation, metiebolic rale can be reduced Lo < 5% of the cuthermic rate as = resalt of coordmated
suppression of multiple encrgy cxpensive metabolic processes. (Gene transcription is ono of these and the present study
cxxmings mochanisms of transcriptional coatrol that could contribute Lo lowering the rate ol gene cxpression in torpor.
Histone desoctylascs (HDAC) have been Imked to gene stlencing and messured HDAC activity was L82fold hagher in
skektal muscle of hibernating thinoen-lined ground squirrels, Spermophifuy fridecemlineatus, compured with cuthermic
comtrols. Western blotting also showed that HDACT and HIDACA protan kevels were [.21-and 1.48-fold higher, respec-
tively, in muscle from torpid animals. Histone H3 was also cvalusted by Westorn blotting. Total histone H3 was unchanged
but two forms of covalently modificd histone H3 thal are sssociated with active transcription (phosphorylated Ser 10 and
scctylated Lys 23) were significantly reduced by 383926 in muscle duning hibernation. Finally, RNA polymerase 11 activity
wits mossured using = PCR-based approech: activity in muscle from hibemnating squirrels was oaly 57% of the cuthermac
value. These data support an overall docresse in transcriptional activily in skeletal muscle of hibernating animals that is
socomplished by multiple molecular mechanisms
© 2006 Elscvicr Inc. All nights reserved.

Histone
deacetylases
allow histones
to wrap
around DNA
more tightly
during torpor




EPIGENETIC MODIFICATION:
NON-CODING RNAs

A non-coding RNA is a functional RNA molecule that is not
translated into a protein.

siRNAs, microRNAs (~22 nucleotides; fine tune gene expression)

A mechanism for post-transcriptional gene regulation.
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Journal of Molecular Cell Biology Advance Access published December 21, 2010 O O
doi:10. 1093 jmch,/ mjgl & joumal of Molecuisr Cell Biology (2010), 1-9 | m I RNAS & cher

Review enzyme show
The emerging roles of microRNAs in the molecular organ-speciﬁc

responses of metabolic rate depression .
changes in
Institute of Biochemistsy and Department of Biology, Carletan Univesity, 1125 Colansd By Drive, Otiawa, ON, Canada K15 5B6

Kyle K. Biggar and Kenneth B. Storey*
o
* Comespondend: to: Kenneth B Storey, Tel: + 613 520-3678; Fad: +61 3 520-374%; Email: kenneth Slorey@carlelona l I l a | I I I I I a I l a n
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Biochimica et Biophysica Acta Mechaniiony

journal homepage: www.elsevier.com/locate/bbagrm

Differential expression of microRNA species in organs of hibernating ground
squirrels: A role in translational suppression during torpor

Pier Jr. Morin, Adrian Dubuc, Kenneth B. Storey *

Istinuge of Bischemistry and Deparmment of Chemnisiry, Carleton University, 1125 Colanel By Drive, Oawe, Ontaria, Canada K15 SBS

ARTICLE INFO ABSTRACT

Arfide histary: Mammalian hibernation includes long periods of profound torpor where the rates of all metabolic processes
Received 25 April 20048 are strongly suppressed in a reversible manner. We hypothesized that microRNAs (miRNAs), small non-
Received in revised lorm 17 July 2003 coding transcripts that hind to mRMNA, could play a role in the global suppression of mRMA translation when
e ﬁmsﬂﬁmzm animals enter torpor. Selected miRNA species (4-9 of the following: mir-1, mir-24, mir-15a, mir-16, mir-21,
mir-122a mir-143, mir-146 and mir-206) were evaluated in four organs of euthermic versus hibernating
" e ground squirrels, Spermophilus mdecemiinesius using KT-PCR. Levels of mir-24 transaripts were significantly
MicraRNA reduced in heart and skeletal musdle of torpid animals as were mir-122a levels in the musde. Mir-1 and mir-
Hibe mation 21 both increased significantly in kidney during torpor by 20- and 13-fold, respectively. Mo changes were
Spermaphilis tidecemling ns found for the four miRMA specdies analyzed in liver. Protein levels of Dicer, an enzyme imvolved in miRNA

processng were also quantified in heart, kidney and liver. Dicer protein levels increased by 2.7-fold in heart




WHERE DO WE GO
HERE?

* Applications of MRD research

e Turning it all off -- microRNA
e Epigenelics & adaptation

e Life span extension

eCell cycle suppression
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TURNING OFF GENES:
ROLE OF EPIGENETICS

Solgznzrlcss
- Stable changes in gene activity that do
not involve changes in DNA sequence

GOMMONENECHERISITSE
- DNA methylation
- Histone modification / histone variants
e.g. acetylation, phosphorylation
- Regulatory non-coding RNAs




Nucleus

GENES
ON/OFF

[Trans.F]

[ i+ e Factors]

T s’ 0000

¢\

i
@‘

CHO PROTEINS

R —> ATP

PATHWAYS

_, KINAs

ES (2nd

PROT

- )%))

.\‘

FAT




Nucleus 7|

GENES
ON/OFF

[Trans.F]

___——r

¢\

[ i+ e Factors]

~ s 0000

i
@‘

CHO PROTEINS

R —> ATP

PATHWAYS

KINASES (2nd)

PROT

- )%))

.\‘

FAT




