
The Living Dead: 
Metabolic Arrest

and the 

Control of Biological Time



HIBERNATION

13-LINED GROUND SQUIRREL

Ictidomys tridecemlineatus



HIBERNATION

Little Brown Bat

Myotis lucifugus



DAILY  TORPOR

Grey mouse lemur,

Microcebus murinus



ESTIVATION

Milk snail

Otala lactea



ESTIVATION 

Spadefoot toad

Scaphiopus holbrookii



ANOXIA

Painted turtle

Chrysemys picta

Periwinke

Littorina littorea

Red-eared turtle

Pseudemys scripta



FREEZING

Wood frog

Rana sylvatica



MAMMALS  ON  ICE:  
Metabolic Rate Reduction

www.carleton.ca/~kbstorey



Myotis lucifugus, little brown bat

Ictidomys tridecemlineatus,

13-lined ground squirrel

Urocitellus richardsonii,

Richardsonôs ground squirrel



ÅSeasonal phenomenon

ÅPre -hibernation

hyperphagia

ÅGain up to 40% of

body mass

ÅNeed polyunsaturated

fats

ÅFind hibernaculum:

dark, near 0 °C



ÅMetabolism inhibited

causing Tb to fall

ÅMetabolic rate falls

to <5% of normal

ÅSmaller animals cool

down faster

ÅQ
10

values up to 15

ÅReversible in arousal

ÅTorpor bout duration

4 days to 2 weeks 



PRINCIPLES  OF 

HIBERNATION

1. Metabolic rate reduction 

2. Control by protein kinases

(SAPKs, 2
nd 

messenger PKs)

3. Most Genes OFF 

4. Selective gene activation



Estivation

Diapause

Freezing

Anoxia

Hibernation



PRINCIPLES  OF 

HIBERNATION

1. Metabolic rate reduction 

2. Control by protein kinases

(SAPKs, 2
nd 

messenger PKs)

3. Most Genes OFF 

4. Selective gene activation

Same as with ALL MRD
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METABOLISM  IN  

HIBERNATION

Å mRNA synthesis 

Å Protein synthesis 

Å Ion Pumping 

Å Fuel use (esp. CHO)

Å O
2

consumed

ATP turnover      to <5% of normal
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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%)



PROTEIN KINASES

PROTEIN

nATP nADP

PROTEIN -(P)n

ÅCovalent modification by phosphorylation

ÅFamilies of protein kinases:  PKA (cAMP), 

PKG (cGMP),  CaM (Ca2+),  PKC (Ca2+, PL, DG)

ÅSAPKs : daisy chain phosphorylations 

ÅRegulation via interconversion of active

vs subactive forms of protein substrates

Åp38,  ERK (1/2),  JNK,  AMPK,  AKT (mTOR) 



MRD CHANGES

Few ôSAPõ kinases activated

ÅGene ôinactivationõ (      mRNA )

ÅFew Genes activated  (1 -2%)



GENES

Transcription

RNAs

Control by

transcriptional regulation
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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 



Regulatory non -coding RNAs 

ÅSmall RNAs ~22 nucleotides in length

ÅHighly conserved across species

ÅBind to 3ô UTR of mRNAs

ÅCould be 1000, affect 60 % 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. 



Turning it all off
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MRD CHANGES

ÅFew ôSAPõ kinases activated

ÅGene ôinactivationõ (      mRNA )

ÅFew Genes activated  (1 -2%)



In: Hypometabolism in Animals: Hibernation, Torpor and 

Cryobiology (Lovegrove, B.G., and McKechnie, A.E., eds.) 

University of KwaZulu-Natal, Pietermaritzburg, pp. 101-108.
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GENE  CHANGES IN  

HIBERNATION

ÅSome Activated : 

- Mitochondrial Genes

- AOE

- FABP, CPT, etc.

- Shock proteins (GRP, HSP) 

- Transcription factors

ÅDNA Chip  ~1 -2%



Where do we go from here?

Natureõs Tools for MRD 

ÅNovel Enzyme Controls

ÅAtrophy,  Autophagy  

ÅTurning it all off  -- microRNA

ÅEpigenetics & adaptation 

ÅLife span extension

ÅAntioxidant Defense

ÅCell cycle suppression

ÅUnity through evolution

NEW DIRECTIONS



Novel Enzyme Controls 
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Epigenetics in Adaptation

miRNA  [PLUS] 



Life  span  extension



Atrophy ðHypertrophy



Unavoidable metabolic costs  


