
The Living Dead: 
Metabolic Arrest

and the 

Control of Biological Time



EPIGENETIC RESEARCH

The number of publications in 
the field increased dramatically 
in the last 10 years. 
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Master Switch:   CHANGE THE 
READING of YOUR  DNA 

Turn Genes On and OFF  
in response to environment 

[Disease, Lifestyle, 
Interventions: Drugs]

EPIGENETIC MECHANISMS
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Grey mouse lemur, 

Microcebus murinus

DAILY TORPOR



PRINCIPLES OF METABOLIC 

RATE DEPRESSION

1. Most genes OFF 

2. Selective gene activation

3. Epigenetic depression of 

gene expression

Same for ALL MRD



TURNING OFF GENES:

ROLE OF  EPIGENETICS

Epigenetics:

 Stable changes in gene activity that do

not involve changes in DNA sequence

Common mechanisms:

 DNA methylation 

 Histone modification / histone variants

 e.g. acetylation, phosphorylation

 Regulatory non-coding RNAs 

 “Hiding messages”



1. DNA Methylation. Methylation  of cytosines
at CpG dinucleotides in promoter regions. 
Methylation attenuates gene expression.  

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

3. Non coding RNAs. MicroRNAs base-pair with 
complementary sequences in mRNA to achieve 
translational repression or target degradation

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



//

CH3TF

Active Transcription Repression by 

inhibition of TF binding

DNMT

Hypermethylation

SAM SAH

CH3

DNA METHYLATION



DNA Methylation & 

Mammalian Hibernation

Changes in 
DNA 

methylation 
& DNMTs

restrict gene 
transcription 
during torpor

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



THE “HISTONE CODE”

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

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



Histone 
deacetylases 

allow histones 
to wrap 

around DNA 
more tightly 

during torpor

Histone Deacetylases & 

Mammalian Hibernation



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.



Turning it all off

miRNAs & Dicer 
enzyme show 
organ-specific 

changes in 
mammalian 
hibernation 



WHERE  DO  WE  GO  FROM  

HERE?

• Applications of  MRD research 

•Turning it all off   -- microRNA

• Epigenetics & adaptation

• Life span extension

•Cell cycle suppression

NEW DIRECTIONS



www.carleton.ca/~kbstorey
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TURNING OFF GENES:

ROLE OF EPIGENETICS

Epigenetics:

- Stable changes in gene activity that do

not involve changes in DNA sequence

Common mechanisms:

- DNA methylation 

- Histone modification / histone variants

e.g. acetylation, phosphorylation

- Regulatory non-coding RNAs 
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