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THE GENETIC FACTOR OF THE INDIVIDUAL DIFFERENCES OF THE
EXERCISE CAPACITY OR ITS TRAINABILITY

HAarRUKA MuraKAMI, KAzuo MURAKAMI and SHINYA KUNO

Abstract

It is well known that individual differences exist in exercise capacity or trainability. Several
studies have shown that these individual differences are brought about by environmental effects
such as life-style, diet and genetics. The potential of several specific genes to cause individual
differences in endurance capacity or trainability has been investigated. The angiotensin-converting
enzyme (ACE) gene, which has insertion (I)/deletion (D) polymorphism, is one of the most studied
genes. Montgomery et al. reported that elite high-altitude mountaineers had higher I allele frequency
of the ACE gene than did sedentary males. Moreover, they reported that subjects with I homozy-
gotes showed higher trainability during a 10-week endurance training program than did individuals
with ID heterozygotes or DD homozygotes. However, the results reported by Rankinen et al. did not
support their results in terms of the relation between ACE genotype and cardiorespiratory endur-
ance. Although numerous studies have reported a relationship between these two items, it remains
controversial. Furthermore, mitochondrial DNA (mtDNA), the creatine kinase and the Na T -K T -
ATPase 92 genes have been studied as genes that may dictate individual differences in endurance
capacity or trainability. We are going to report about the relation between these genes and exercise
capacity and trainability.

(Jpn. J. Phys. Fitness Sports Med. 2003, 52 Suppl : 83~92)
key word : individual difference, genetic factor, mitochondrial DNA
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Control region

ND1

ND5

ND2 16569 bp

ATPase6,8

Fig. 1.  The human mitochomdiral DNA map.
The outer circle represents the H-strand, containing
the majority of the gene ; the inner circle represents
the L-strand. The human mtDNA codes for 13 proteins,
2rRNAs and 22tRNAs. The regions of blank show
tRNAs. The control region includes the initiation sites
of transcription and translation.
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Cytochrome c oxidase
(Complex IV)

[nner
membrane

h
ATP synthase

(Complex V)

Fig. 2. A schema of mitochondrial respiratory chain.

Figure shows the respiratory chain enzyme complexes. The mitochondiral respiratory
chain produces a proton gracient across the membrane and is then used by ATP synthase
to make ATP from ADP and phosphate. The Encaustic regions are coded for by mitochond-
rial DNA and the blank regions are code for by nucleusDNA.
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@ mtDNA code
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mtDNA

platelet
(from each subjects)

O Nucleus DNA code

Inner membrane

Complex V

Fig. 3. Introduction of mtDNA into the individual platelet.

The platelets obtained from each subject were fused with p-HeLa cells. On day 30 after
fusion, the cybrid clones growing in the medium were isolated clonally by the cylider
method. Mitochondria in cybrid has the subunits coded mtDNA from each subjects and the
subunits coded nucleus DNA form £°-HeLa cells.
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Fig. 4. The relations between the polymorphisms in
the control region of mtDNA and the change rate.

These data show the relations between the poly-
morphism at 16519 of mtDNA (Can group ;n =11,
Non-Cam group;n = 18) and the change rate of
VOgmax (A) or CS activity (B) for endurance training.
These data were obtained from twenty-nine subjects.
Values show average£SD.
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