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Nature’s Tools for 
Reversible Organ 
Preservation  

• Novel Enzyme Controls

• Atrophy,  Autophagy  

• Turning it all off   -- microRNA

• Epigenetics & adaptation 

• Life span extension

• Antioxidant Defense

• Cell cycle suppression

• Unity through evolution
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- Affects all pathways

- Regulation in minutes

- Reversed by protein phosphatases 

- Metabolic cost = less than 1 % total energy 

- A dozen new enzymes unknown to textbooks are NOVEL !  

• Glycolysis (GP, GS, PFK, PK)

• Fat synthesis  (ATP-CL, ACC)

• CHO fuel use   (PDH)

• Translation     (eIF2α, eEF2)

• Ion pumps       (NaK, Ca-ATPase)

• the usual suspects, TextBook

Phospho / de-Phospho

PATHWAY  CONTROLS 



Posttranslational Modification:

The Next Generation 

Novel Phosphorylation Control of

CK,  GDH,  Hexokinase,  G6PDH, 
LDH,  NADP-IDH,  α-GPDH,  AMPD, 

GAPDH,  FBPase,  Antioxidant enzymes  

PTMs:   Acetylation,  Methylation, 
SUMOylation, etc. 



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, methylation, phosphorylation
- Regulatory non-coding RNAs (microRNA)
- “Hiding messages”



Alvarado S, Mak T, Liu S, Storey KB & Szyf M. 2014

DNA Methylation & 

Mammalian Hibernation

Changes in DNA 
methylation 

& DNMTs
restrict gene 
transcription 
during torpor



Epigenetics in Adaptation
Histone Code  [PLUS] 



Turning it all off



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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TRANSCRIPTION  FACTORS  

• ATF (Glucose Regulated Proteins)

• HIF (O2),    HSF (Hsp) 

• NFkB  (IkB-P),  Nrf-2,  NRF-1

• PPAR,  PGC,  RXR,  chREBP,  CREB-P

• STAT,  SMAD,  p53-P,  HNF,  AP (1,2)

• Methods: EMSA, CHiP



Atrophy – Hypertrophy



Unavoidable metabolic costs  



Life  span  extension



Unity through Evolution  

WWCeD



PRIMATE   HIBERNATION !!

Gray Mouse Lemur 

Madagascar

- western dry

forests



MRD in Primate hibernation
[Stress Kinases ] 

Gray Mouse Lemur

• Warm Hibernator

• Daily and Seasonal Torpor

• Uncharacterized model

• First molecular studies

**

*

Biggar KK, Wu CW, Tessier SN, Zhang J & Storey KB

Luminex technology



Primate Hibernation

• Novel model of hibernation

– Short term torpor in mild climate (Tb falls to ~20°C)

• Reduction of ERK signaling

• Activation of JNK stress response

(Wu et al., unpublished)

Gray mouse lemur
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Hibernators as a model for 

metabolic disease? 

• Hibernators show reversible 

insulin resistance

• Rapid weight gain, 

hyperinsulinemia during 

entry into hibernation, 

reversed in deep torpor

• Modifications to similar 

pathways: Glucose transport, 

Akt activity, PPAR-γ signaling

Type 2  Diabetes

mellitus



Hibernation and medicine

Primates !!




