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Myotis lucifugus, little brown bat

Spermophilus tridecemlineatus,

13-lined ground squirrel

Spermophilus richardsonii,

Richardsonôs ground squirrel



MONITO del MONTE
Dromiciops gliroides

South American marsupial



Figure adapted from Nelson et al.2009

Animal studies by Dr. JM Hallenbeck and Dr. DC McMullen, NIH

TORPOR-AROUSAL

IN HIBERNATORS



ÅMetabolism inhibited

causing Tb to fall

ÅMetabolic rate falls

to <5% of  normal

ÅSmaller animals cool

down faster

ÅQ10 values up to 15

ÅReversible in arousal

ÅTorpor bout duration

4 days to 2 weeks 
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TORPOR Warm

Gray mouse lemur,

Microcebus murinus



BEARS ! 



PRINCIPLES  OF 

HIBERNATION
1.  Metabolic rate reduction 

2. Cold or Warm temperature 

3.  Most Genes & Processes OFF 

4.  miRNA Control of Pathways 

5.  Epigenetics as Central Controller 

Same for ALL MRD



PRINCIPLES  OF 

HIBERNATION

1. Metabolic rate reduction 

2. Control by protein kinases
(SAPKs, 2 nd messenger PKs)

- p38,  ERK (1/2),  JNK,  AMPK, AKT (mTOR) 

Same for ALL MRD
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Metabolic Rate Depression  

CHANGES

ÅFew ôSAPõ kinases activated

Å*Thousands of processes OFF* 

ÅGene ôinactivationõ (      mRNA )

ÅFew Genes activated  (1 -2%)



TURNING OFF GENES:

Role of  Epigenetics

Epigenetics :

Å Stable changes in gene activity that do

not involve changes in DNA sequence

Common mechanisms:

Å DNA methylation 

Å Histone modification / histone variants

e.g. acetylation, phosphorylation

Å Regulatory non-coding RNAs 



Global changes in histone modifications  to 
reduce accessibility to promoter regions by 
transcription machinery

MicroRNAs can coordinate expression of
cell proteins via post-transcriptional action

Global changes in methylation of gene 
promoters  to reduce transcription rates 

Other post-transcriptional controls  can apply ï
Å formation of stress granules & 
Å action of RNA binding proteins 

Transcription and translation are ATP-expensive

Epigenetic modifications can alter rates of 
transcription/translation to produce energy savings in 

hypometabolism 



TURNING OFF GENES:

Role of  Epigenetics

Common mechanisms of  epigenetic control:

Å DNA methylation 

Å Histone modification / histone variants

e.g. acetylation, phosphorylation

Å Regulatory non-coding RNAs [microRNA]



Global changes in histone modifications  to 
reduce accessibility to promoter regions by 
transcription machinery

MicroRNAs can coordinate expression of
cell proteins via post-transcriptional action

Global changes in methylation of gene 
promoters to reduce transcription rates 

Other post-transcriptional controls can apply ï
Å formation of stress granules & 
Å action of RNA binding proteins 

Transcription and translation are ATP-expensive.

Epigenetic modifications can alter rates of 
transcription/translation to produce energy savings during 

hypometabolism. 
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HISTONE  MODIFICTION



Sassone-Corsi Science 2013;339:148-150

Principle: use epigenetic 

reprogramming to remodel chromatin 

accessibility under anoxia 



Global changes in histone modifications  to 
reduce accessibility to promoter regions by 
transcription machinery

MicroRNAs can coordinate expression of
cell proteins via post-transcriptional action

Global changes in methylation of gene 
promoters  to reduce transcription rates 

Other post-transcriptional controls can apply 
Å formation of stress granules  & 
Å action of RNA binding proteins 

Transcription and translation are ATP-expensive.

Epigenetic modifications can alter rates of 
transcription/translation to produce energy savings in 

hypometabolism 



Turning it all off

miRNAs & 
Dicer enzyme 
show organ-

specific changes 
in mammalian 

hibernation 



Regulatory non -coding RNAs 

ÅSmall RNAs of ~22 nucleotides in length

ÅHighly conserved across species

ÅReach out to control genes of ALL cell 

processes

ÅCould be 1000, affect 85 % of genes

ÅDisease involvement 

ÅAct to : 

- Block translation of mRNA  

- Target mRNA for degradation 

microRNA



Cuellar TL, McManus MT.  J Endocrinol. 187(3):327 -332, 2005 . 

MICRO RNA:  Drosha & Dicer



MRD: Hibernation &

MICRO RNA:

PUBMED:  
Storey KB microRNA



ÅSkeletal muscle atrophy

ÅCardiac hypertrophy

Å Insulin resistance

ÅSuppression of  cell growth 

MicroRNA & Hibernation



Å Activation of  mTOR

Å Activation of  MAPKs

Å Tissue -specific responses:

- Hibernation

- Thermal regulation

- Disuse atrophy

MARSUPIAL TORPOR

Monito del Monte

from Chile



Gray mouse lemur, Microcebusmurinus

- Native to Madagascar

Overview: Fewer cellular 

changes needed when torpor is 

at higher body temperature ! 



LEMUR model

ÅPrimates, native to Madagascar

ÅUse daily torpor while sleeping 

ÅHibernate long term to deal with chronic food shortages 

in the dry season

ÅThe most closely related species to man that exhibit 

natural hypometabolism

ÅEnter torpor at high ambient temperatures (Tb ~28-32ÁC)   

i.e. not confounded by the additional biochemical 

adaptations needed for low temperature function



PRIMATE TORPOR: 

GRAY MOUSE LEMUR

Shows daily torpor



Primate Torpor Series

Stress response 

& signal 

transduction

Regulation of 

gene/protein 

expression

Metabolism, 

fuel use & 

cytokines



LEMUR model

ÅEnter torpor at high ambient temperatures (Tb may only fall 

to ~28-32ÁC) so MRD is not confounded by adaptations 

needed to endure Tb at 0-5ÁC as during hibernation in most 

mammals 

ÅFewer Changes [ 5% of changews of cold hibernation]

ÅEx. lack of ñstress responseò & shock proteins

ÅTranslation Arrest occurs : mTOR, eIF4E

Å AMPKinase increases for fuel shifting 

ÅmiRNA responses = pathway control  
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PRIMATE TORPOR: Shutting 

down primates,  LIKE YOU !! 

The $1,000,000 Question Ą

What will allow for long term

human MRD ? 

Å Many less genes & fewer tissues 

affected in RT torpor than in 

long-term hibernation at cold 

body temperatures. 

Å Organs:  identify key processes 

in each organ that need adjusting

Å Warm preservation may be the 

least injurious


