
The molecular basis of the effects of 
calorie restriction on ageing

Dianne Ford
SPARC workshop - 11 January 2007



PI Background

• BSc Biochemistry
• PhD Biochemistry (molecular enzymology)
• Postdoctoral research on xenobiotic metabolism then 

on nutrient (peptide and amino acid) transport
• Current research focus “molecular nutrition”

– Zinc transport/absorption and zinc-regulated gene 
expression

– Isoflavone metabolism (contribution of genetic factors to 
inter-individual variability)

– Nutritional epigenomics
• Influences of nutrition on non-sequence-related modification of 

DNA
• Collaboration with Professor John Mathers, Newcastle 

University



Nutrition and ageing

• Importance of nutrition for health well-established
• Great potential to modulate the ageing process 

through nutritional strategies, or therapies that 
mimic the effects of effective nutritional strategies.
– Requires an understanding of effects of nutrition on ageing 

at the molecular level 



Background to project – calorie 
restriction and ageing
• Well established (based on research going back several decades) 

that calorie restriction (approximately 60% normal intake in 
rodents) increases lifespan and/or reduces incidence of ageing-
related disease in model organisms including yeast, C. elegans, 
Drosophila, mice.

• Applies in humans?  
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• Molecular basis unknown

– Reduced metabolic rate leads to generation of fewer, DNA-
damaging free radicals?

• Increased expression of the protein Sirt1 appears to be involved
– Effects on insulin/IGF1 signalling pathway?
– Increased stress-resistance?

• Higher threshold for apoptosis?
– Novel idea – effects of Sirt1 activity on epigenetic modification of 

DNA??



Background to project – epigenetic 
modification of DNA

Methylated DNA is
associated with
deacetylated histones

Qui, J (2006) Nature 441: 143-145



Background to project – DNA methylation
and ageing

• Ageing-associated changes in DNA methylation are 
observed.
– Decrease in total deoxymethylcytosine levels
– Regional hyper- and demethylation

• Aberrant DNA methylation can result in inappropriate 
gene expression or gene silencing.

• Changes in DNA methylation may be causal in the 
ageing process.



Background to project – Sirt1 activity 
relevant to DNA methylation
• Recap – calorie restriction increases expression of Sirt1
• Sirt1 has histone deacetylase activity

• So increased Sirt1 expression may affect histone acetylation
and hence DNA methylation

Methylated DNA is
associated with
deacetylated histones



Hypothesis

• The beneficial effects of calorie restriction on ageing 
include maintenance of DNA methylation patterns 
mediated through increased histone deacetylation by 
increased activity of the Sirt1 protein.
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Aim

• Establish proof of principle that increased Sirt1 
expression can affect DNA methylation.



Approach

• Researcher – Luisa Wakeling
• Express high levels of human Sirt1 in cultured human cells 

(SW480) from a “transgene” (coding sequence of the human 
Sirt1 gene introduced into the cells) and measure DNA 
methylation compared with control cells.
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Measurement of DNA methylation

CGATCGCGATCGCG
GCTAGCGCTAGCGC

CGATCGCGATCGCG
GCTAGCGCTAGCGC

UGATUGUGATUGUG
GUTAGUGUTAGUGU

CGATCGCGATCGCG
GCTAGCGCTAGCGC

TGATTGTGATTGTG
GTTAGTGTTAGTGT

Methylated DNA Unmethylated DNA

Bisulphite conversion

PCR amplification
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GCTAGCGCTAGCGC
CGATCGCGATCGCG
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Target which sequences?

LINE1 elements
C-MYC
ER
IGF2

GFP reporter gene



Future directions

• Use genome-scanning techniques (e.g. differential methylation
hybridisation; ChIP on chip) to identify specific sites in the 
genome showing altered patterns of DNA methylation and/or 
altered patterns of histone acetylation in response to increased 
Sirt1 expression (in cells; BBSRC DTG Studentship from ICaMB) 
or calorie restriction (in ageing mice).

• Determine effects of such methylation patterns on target gene 
expression.

• Increase/knockdown expression of target genes in model 
organisms (C. elegans, mice?) whose expression is modulated by 
methylation and measure effects on ageing to identify gene 
targets of calorie restriction that can affect the ageing 
process. 
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