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An optimum intake of micronutrients and metabolites, which varies with age and genetic 
constitution, would tune-up metabolism and give a marked increase in health at little cost, 
particularly for the poor and elderly. 1) DNA damage. Inadequate intake of folic acid causes 
millions of uracils to be incorporated into the DNA of each cell, with associated chromosome 
breaks: a radiation mimic. Deficiencies of the metabolically connected vitamins B6 and B12, 
which also are widespread, cause uracil incorporation, and chromosome breaks. Inadequate iron 
intake (2 billion women in the world; 25% of U.S. menstruating women) causes oxidants to leak 
from mitochondria and damages mitochondria and mtDNA. Inadequate zinc intake (about 10% 
in the U.S.) causes oxidation and DNA damage in human cells and disables several zinc 
containing repair systems, such as p53; consequently, the cell cannot repair the DNA damage. 2) 
The Km concept. About 50 different human genetic diseases due to a poorer binding affinity 
(Km) of the mutant enzyme for its coenzyme can be remedied by feeding high dose B vitamins, 
which raise levels of the corresponding coenzyme; many polymorphisms also result in a lowered 
affinity of enzyme for coenzyme. 3) Mitochondrial oxidative decay with age. This decay, a 
major contributor to aging, can be ameliorated by feeding old rats the normal mitochondrial 
metabolites acetyl carnitine (ALCAR) and lipoic acid (LA) at high levels. They restore the Km 
for ALCAR transferase and the velocity of the reaction, mitochondrial function, lower oxidants, 
neuron RNA oxidation, and mutagenic aldehydes, and they increase old rat ambulatory activity 
and cognition. 
 
References: 
 
1. Ames, B. N., Elson-Schwab, I., and Silver, E. (2002) High-Dose Vitamins Stimulate Variant 

Enzymes with Decreased Coenzyme-Binding Affinity (Increased Km):  Relevance to Genetic Disease 
and Polymorphisms.  Am. J. Clin. Nutr. 75, 616-658. 

 
2. Liu, J., Head, E., Gharib, A.M., Yuan, W., Ingersoll, R.T. Hagen, T.M., Cotman, C.W., and Ames, 

B.N. (2002) Memory Loss in Old Rats is Associated with Brain Mitochondrial Decay and RNA/DNA 
Oxidation:  Partial Reversal by Feeding Acetyl-L-Carnitine and/or R-α-Lipoic Acid.  Proc. Natl. 
Acad. Sci. U.S.A. 99, 2356-2361. 

 
3. Hagen, T.M., Liu, J., Lykkesfeldt, J., Wehr, C.M., Ingersoll, R.T., Vinarsky, V., Bartholomew, J.C., 

and Ames, B.N. (2002) Feeding Acetyl-L-Carnitine and Lipoic Acid to Old Rats Significantly 
Improves Metabolic Function While Decreasing Oxidative Stress. Proc. Natl. Acad. Sci. U.S.A. 99, 
1870-1875. 

 



4. Liu, J., Killilea, D.W., and Ames, B.N. (2002) Age-associated Mitochondrial Oxidative Decay: 
Improvement of Carnitine Acetyltransferase Substrate Binding Affinity and Activity in Brain by 
Feeding Old Rats Acetyl-L-Carnitine and/or R-α-Lipoic Acid. Proc. Natl. Acad. Sci. U.S.A. 99, 1876-
1881. 

 
5. Atamna, H., Killilea, D.W., Killilea, A.N. and Ames, B.N. (2002) Heme Deficiency May Be a Factor 

in the Mitochondrial and Neuronal Decay of Aging. Proc. Natl. Acad. Sci. U.S.A. 99, 14807-14812.  
 
6. Ho, E., and Ames, B. N. (2002) Zinc Deficiency Induces Oxidative DNA Damage, Disrupts p53, 

NF�B and AP1 Binding, and Affects DNA Repair in a Rat Glioma Cell Line. Proc. Natl. Acad. Sci. 
U.S.A. 99, in press. 

 
7. Ames, B. N. and Wakimoto, P. (2002) Are Vitamin and Mineral Deficiencies a Major Cancer Risk? 

Nature Reviews Cancer 2, 694-704.  
 
8. Ames, B. N. (2002) The Metabolic Tune Up: Metabolic Harmony and Disease Prevention. J. Nutr., in 

press. 


	University of California at Berkeley/CHORI,
	Berkeley, CA

