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2. Where is DNA located and what is its role?
3. What is the role of mitochondria in the cell?
4. What is the difference between aerobic and anaerobic metabolism?
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limited by two Z-lines, which is the place of actin myofibrils attachment.
During muscle contraction, Ca-ions are released from the sarcoplasmic re-
ticulum and bind to troponin C, resulting in its conformation change. This
leads to attachment of myosin and actin filaments, consumption of ATP, and
consequential muscle shortening. Muscle contraction can be categorized as
concentric, isometric, or eccentric, and the type of contraction determines
the power that the muscle can generate. A single motor neuron and all the
muscle fibers to which it connects is a motor unit; these units are catego-
rized as type I red fibers, type Ila intermediate, and type IIb fast fibers based
on their physiological properties. Muscle fibers can be categorized difter-
ently depending on their structural, metabolic, and stimulation properties.

TEST QUESTIONS

1. What are the main components of a myocyte?

2. What categories of muscle architecture can be established based on the
arrangement of muscle fibers? What is the role of the arrangement of
muscle fibers regarding the extent of muscle contraction?

3. What type of muscle contractions can be defined and what are their
characteristics?

4. What is the mechanism of muscle contraction?

5. What is a motor unit?

6. What are the characteristics of fast, slow, and intermediate muscle fibers?
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microscopic injuries and results in pain. Overtraining is a complex process
determined by multiple factors, which may result in long-lasting under-
performance. Symptoms of overtraining can be divided into physiological,
biochemical, immunological, and psychological groups.

TEST QUESTIONS

. How do homeostasis and adaptation correlate?
. What are the main types and characteristics of adaptation?
‘What are the causes of central and peripheral fatigue?

What are the characteristics of muscle fever?
What are the symptoms of overtraining?

(=23 LI NI S R

. What opportunities does a trainer have to prevent overtraining and to
enhance regeneration?
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TEST QUESTIONS

1. What factors determine the force generated by the muscle?
What is the mechanism of cross-sectional area growth of muscles?
How are motor units recruited during different loading?

hal

Explain the correlation between different types of muscle contractions
and the force generated by the muscle.

(31

What are the characteristics of the maximal strength training method?

6. What are the differences between the maximal strength and speed
strength training methods?

7. What are the most important factors in strength endurance development?

8. What is the difference between neuromuscular coordination training
and training for cross-sectional area growth?

9. Why and how does age affect adaptation to strength training?
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4. What is the anaerobic threshold, and what is its importance in endur-
ance training?
5. What are the characteristics of adaptation to endurance training?
6. What training methods are efficient to improve heart functions and
how do they work?
7. What training methods would you recommend to improve oxidative
functions of mitochondria in skeletal muscles?
8. How would you improve resistance to lactic acid and how does it work?
9. What type of endurance training would you recommend a football
player and a 1 min. Swimmer?
10. Why is high-altitude training not always useful to improve endurance?
11. What type of training would you recommend to improve health and
how does it work?
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TEST QUESTIONS

(1) What factors determine speed?

(2) What exercises can improve speed?

(3) What elements is speed comprised of?

(4) What are the main characteristics of fast-twitch muscle fibers?
(5) What is a speed limiting factor?
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7.5 “R"EXTRA

Six-seven strength training followed by stretching significantly improved the
speed of serving of young tennis players, and decreased the risk of injuries
compared to a group participating only in strength training (Fernandez-
Fernandez et al., 2013).The combined training widened the range of move-
ments, so they could accelerate the tennis racket over a longer distance and
hit the ball with a higher velocity. Thus, increasing the range of movements
has a positive effect in tennis according to those authors.

Regeneration with cold and hot water baths is a generally used method
following training; however, measurements did not indicate increased
stretchiness of the thigh flexors (Burke et al., 2001). Selection of optimal
flexibility training depends on the type of sport, and this ability also needs

to be monitored frequently.

7.6 SUMMARY

Joint flexibility is strongly correlated with performance in certain sports.
Every sport requires some degree of joint flexibility, and some need a high
degree of flexibility. During flexibility training, the myotatic (stretch) reflex
needs to be considered since its switching off through difterent stretching
methods is an important element in flexibility development.

TEST QUESTIONS

(1) What determines range of motion?

(2) What role does the Golgi tendon organ have?

(3) What is the physiological base of stretching?

(4) What is PNF?

(5) What is the correlation between flexibility and strength?
(6) Why is joint flexibility important?
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Timing of nutritional intervention is crucial and aims to enhance per-
formance, delay fatigue, and enhance regeneration. The type of nutritional
intervention should depend on the intensity and the duration of exercise.
Prolonged exercise with an intensity of VO,max 60%—80% with duration
longer than 60 min. Relies on carbohydrate metabolism and availability;
therefore carbohydrate loading before and during exercise improves per-
formance. Rapid ingestion of carbohydrates >1.2g/kg/h for 4-6h after
heavy exercise loads rapidly stimulates regeneration of muscle glycogen,
especially when 0.2—0.5 g/kg/h protein is added to carbohydrate (Kerksick
et al., 2017). Taking proteins before and even during training, which aims
to increase muscle hypertrophy, provides enhanced muscle protein synthe-
sis, which can also be increased by 30—40g of casein intake 30 min. Before
sleeping (Kerksick et al., 2017).

8.7 SUMMARY

A well-designed diet during a training period provides an optimal level of
nutrition available during the competition. During a race, liquid and nu-
trition intake delay the development of fatigue and improve performance.
Furthermore, we can improve the buffer capacity of the body, which im-
proves performance in endurance sports. A balanced diet before and af-
ter training promotes the regeneration process. In weight-class sports, a
well-designed diet is extremely important with continuous control during
preparation, and quick weight loss should be avoided.

TEST QUESTIONS

1. How does diet determine the glycogen content of muscle?

2. What nutrition facilitates the buildup of glycogen following training?
3. What effects does cafteine have on performance?

4. What nutrition is recommended for muscle growth?

5. What nutrition is recommended during aerobic endurance training?
6. What sports gain benefits from creatine monohydrate intake, and why?
7. What is the best method to control weight in weight-class sports?
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cardiovascular diseases, Alzheimer’s and Parkinson’s diseases, osteoporosis, and
age-related muscle atrophy. Frequent physical training is very important for
the elderly. Average physical activity of young individuals is higher than that
of the elderly, thus negative eftects of physical inactivity are more significant
in the latter, and therefore they are recommended to make time for frequent
physical exercise. It provides an opportunity to maintain balance and prevent
lifestyle diseases, and improve life quality and increase lifespan.

TEST QUESTIONS

1. What are the most important aging theories?

2. What is the maximal lifespan of humans and what factors determine
average life expectancy?

3. What is a telomere and what is its role in aging?

e

‘What are free radicals and what is their role in aging?

5. What are the characteristics of age-related changes of the heart and how
are they influenced by physical training?

6. How does physical training influence the aging of the nervous system?

7. How does physical training influence bone thinning?
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those measured in experimental mice, and verify the results measured
by Marton’s group (Marton et al., 2015).

Similar examinations were done on power performance and miRNA
systems were tested on groups that responded well or poorly to power
training. Decreased levels of miRINA-378, miRINA-29a, and miRNA-26a
were measured in the muscle of the group with the weaker response to
training, and the level of miRINA-378 correlated strongly with the increas-
ing size of the muscle cross-sectional area (Davidsen et al., 2011). There are
significant individual differences in the level of miRNAs; however, they
should be further examined to discover their role in sport performance, as
that would be helpful in individual sport selection.

11.4 SUMMARY

Genetics play a very important role in sport performance. However, out-
standing performance and individual competence depend on a complex
system of abilities of which genes are only a portion.

The complexity of sport performance is reflected by the strong dif-
ferences in individuals with differential congenital and acquired traits and
personality. Epigenetic effects are extremely important, since lifestyle affect
not only the life of the individual but its inheritable epigenetic changes re-
appear in descendants. The positive effects of physical training in prevention
and healing manifest through epigenetic modification. The role of genetic
factors in professional sports is important; however, a correlation between
gene polymorphisms and sport performance has not yet been established.

TEST QUESTIONS

1. What is a gene?

2. What traits can be determined by genetic factors?

3. What is the role of sport genomics?

4. What genes are associated with endurance?

5. What genes are associated with power?

6. What are the advantages and limits of sport genetics?

BIBLIOGRAPHY

Akhmetov, L.I., Astranenkova, .V., Rogozkin,V.A., 2007. Association of PPARD gene poly-
morphism with human physical performance. Mol. Biol. 41, 852-857.

Alvarez, R., Terrados, N., Ortolano, R., Iglesias-Cubero, G., Reguero, J.R., Batalla, A.,
Cortina, A., Fernandez-Garcia, B., Rodriguez, C., Braga, S., Alvarez, V., Coto, E., 2000.
Genetic variation in the renin-angiotensin system and athletic performance. Eur. J. Appl.
Physiol. 82, 117-120.



182  The Physiology of Physical Training

Ash, G.I., Scott, R.A., Deason, M., Dawson, T.A., Wolde, B., Bekele, Z., Teka, S., Pitsiladis,
Y.P, 2011. No association between ACE gene variation and endurance athlete status in
Ethiopians. Med. Sci. Sports Exerc. 43, 590-597.

Berman,Y., North, K.N., 2010. A gene for speed: the emerging role of alpha-actinin-3 in
muscle metabolism. Physiology 25, 250—259.

Bray, M.S., Hagberg, .M., Perusse, L., Rankinen, T., Roth, S.M., Wolfarth, B., Bouchard, C.,
2009.The human gene map for performance and health-related fitness phenotypes: the
20062007 update. Med. Sci. Sports Exerc. 41, 35-73.

Davidsen, PK., Gallagher, I.]., Hartman, J.W.,, Tarnopolsky, M.A., Dela, E, Helge, J.W.,
Timmons, J.A., Phillips, S.M., 2011. High responders to resistance exercise training
demonstrate differential regulation of skeletal muscle microRINA expression. J. Appl.
Physiol. 110, 309-317.

Day, S.H., Gohlke, P, Dhamrait, S.S., Williams, A.G., 2007. No correlation between circulating
ACE activity and VO2max or mechanical efficiency in women. Eur. J. Appl. Physiol. 99,
11-18.

Dionne, ET., Turcotte, L., Thibault, M.C., Boulay, M.R, Skinner, J.S., Bouchard, C., 1993.
Mitochondrial DNA sequence polymorphism, VO2max, and response to endurance
training. Med. Sci. Sports Exerc. 25, 766-774.

Dolinoy, D.C., Weinhouse, C., Jones, T.R., Rozek, L.S., Jirtle, R.L., 2010. Variable histone
modifications at the A(vy) metastable epiallele. Epigenetics 5, 637—-644.

Doring, E, Onur, S., Fischer, A., Boulay, M.R.., Perusse, L., Rankinen, T., Rauramaa, R.,
Wolfarth, B., Bouchard, C., 2010. A common haplotype and the Pro582Ser polymor-
phism of the hypoxia-inducible factor-1alpha (HIF1A) gene in elite endurance athletes.
J. Appl. Physiol. 108, 1497—1500.

Eynon, N., Ruiz, J.R., Meckel, Y., Moran, M., Lucia, A., 2011. Mitochondrial biogenesis
related endurance genotype score and sports performance in athletes. Mitochondrion
11, 64-69.

Fraga, MLE, Ballestar, E., Paz, M.E, Ropero, S., Setien, E, Ballestar, M.L., Heine-Suner,
D., Cigudosa, J.C., Urioste, M., Benitez, ]J., Boix-Chornet, M., Sanchez-Aguilera, A.,
Ling, C., Carlsson, E., Poulsen, P.,Vaag, A., Stephan, Z., Spector, T.D., Wu,Y.Z., Plass, C.,
Esteller, M., 2005. Epigenetic differences arise during the lifetime of monozygotic twins.
Proc. Natl. Acad. Sci. U. S.A. 102, 10604-10609.

Gallagher, 1.]., Scheele, C., Keller, P, Nielsen, A.R., Remenyi, J., Fischer, C.P,, Roder, K.,
Babraj, J.,Wahlestedt, C., Hutvagner, G., Pedersen, B.K., Timmons, J.A., 2010. Integration
of microRINA changes in vivo identifies novel molecular features of muscle insulin resis-
tance in type 2 diabetes. Genome Med. 2, 9.

Gomez-Pinilla, E, Zhuang,Y., Feng, J.,Ying, Z., Fan, G.,2011. Exercise impacts brain-derived
neurotrophic factor plasticity by engaging mechanisms of epigenetic regulation. Eur. J.
Neurosci. 33, 383—390.

Grenda, A., Leonska-Duniec, A., Cieszczyk, P., Zmijewski, P., 2014. Bdkrb2 gene —9/+9
polymorphism and swimming performance. Biol. Sport 31, 109—113.

Hittel, D.S., Berggren, J.R., Shearer, J., Boyle, K., Houmard, J.A., 2009. Increased secretion and
expression of myostatin in skeletal muscle from extremely obese women. Diabetes 58, 30-38.

Keller, P, Vollaard, N.B., Gustafsson, T., Gallagher, L.]., Sundberg, C.J., Rankinen, T., Britton,
S.L.,Bouchard, C.,Koch, L.G.,Timmons,J.A.,2011.A transcriptional map of the impact
of endurance exercise training on skeletal muscle phenotype. J. Appl. Physiol. 110, 46-59.

Kohn, T.A., Essen-Gustavsson, B., Myburgh, K.H., 2007. Do skeletal muscle phenotypic
characteristics of Xhosa and Caucasian endurance runners differ when matched for
training and racing distances? J. Appl. Physiol. 103, 932-940.

Lucia, A., Gomez-Gallego, E, Barroso, 1., Rabadan, M., Bandres, E, San Juan, A.E, Chicharro,
J.L.,Ekelund, U., Brage, S., Earnest, C.P.,Warecham, N.J., Franks, PW.,, 2005. PPARGC1A
genotype (Gly482Ser) predicts exceptional endurance capacity in European men. J.
Appl. Physiol. 99, 344-348.



Sport Genetics 183

Lucia, A., Moran, M., Zihong, H., Ruiz, J.R ., 2010. Elite athletes: are the genes the champi-
ons? Int. J. Sports Physiol. Perform. 5, 98—102.

Marino, EE., Lambert, M.I., Noakes, T.D., 2004. Superior performance of African run-
ners in warm humid but not in cool environmental conditions. J. Appl. Physiol. 96,
124-130.

Marton, O., Koltai, E., Takeda, M., Koch, L.G., Britton, S.L., Davies, K.J., Boldogh, I., Radak,
Z., 2015. Mitochondrial biogenesis-associated factors underlie the magnitude of re-
sponse to aerobic endurance training in rats. Pflugers Arch. - Eur.]. Physiol. 467,779-788.

Matsuda, R.., Spector, D.H., Strohman, R.C., 1983. R egenerating adult chicken skeletal mus-
cle and satellite cell cultures express embryonic patterns of myosin and tropomyosin
isoforms. Dev. Biol. 100, 478—-488.

McGee, S.L., Fairlie, E., Garnham, A.P, Hargreaves, M., 2009. Exercise-induced histone
modifications in human skeletal muscle. J. Physiol. 587, 5951-5958.

Mustafina, L.J., Naumov, V.A., Cieszczyk, P, Popov, D.V,, Lyubaeva, E.V,, Kostryukova, E.S.,
Fedotovskaya, O.N., Druzhevskaya, A.M., Astratenkova, I.V., Glotov, A.S., Alexeev, D.G.,
Mustafina, M.M., Egorova, E.S., Maciejewska-Karlowska, A., Larin, A.K., Generozov, E.V,,
Nurullin, R.E., Jastrzebski, Z., Kulemin, N.A., Ospanova, E.A., Pavlenko, A.V,, Sawczuk,
M., Akimov, E.B., Danilushkina, A.A., Zmijewski, P, Vinogradova, O.L., Govorun, V.M.,
Ahmetov, L.I., 2014. AGTR2 gene polymorphism is associated with muscle fibre compo-
sition, athletic status and aerobic performance. Exp. Physiol. 99, 1042—1052.

Niemi, A.K., Majamaa, K., 2005. Mitochondrial DNA and ACTN3 genotypes in Finnish
elite endurance and sprint athletes. Eur. J. Hum. Genet. 13, 965-969.

Onywera,V.O., Scott, R.A., Boit, M.K., Pitsiladis, Y.P., 2006. Demographic characteristics of
elite Kenyan endurance runners. J. Sports Sci. 24, 415-422.

Pandort, C.E., Haddad, E, Wright, C., Bodell, PW., Baldwin, K.M., 2009. Ditterential epi-
genetic modifications of histones at the myosin heavy chain genes in fast and slow
skeletal muscle fibers and in response to muscle unloading. Am. J. Physiol. Cell Physiol.
297, C6-16.

Rankinen, T., Roth, S.M., Bray, M.S., Loos, R., Perusse, L., Wolfarth, B., Hagberg, ].M.,
Bouchard, C., 2010. Advances in exercise, fitness, and performance genomics. Med. Sci.
Sports Exerc. 42, 835-846.

Rubio, J.C., Martin, M.A., Rabadan, M., Gomez-Gallego, E, San Juan, A.E, Alonso, ].M.,
Chicharro, J.L., Perez, M., Arenas, J., Lucia, A., 2005. Frequency of the C34T mutation
of the AMPD1 gene in world-class endurance athletes: does this mutation impair per-
formance? J. Appl. Physiol. 98,2108-2112.

Schroder, W., Klostermann, A., Distl, O., 2011. Candidate genes for physical performance in
the horse.Vet. J. 190, 39—48.

Scott, R.A., Moran, C., Wilson, R.H., Onywera, V., Boit, M.K., Goodwin, W.H., Gohlke,
P, Payne, J., Montgomery, H., Pitsiladis, Y.P., 2005. No association between angioten-
sin converting enzyme (ACE) gene variation and endurance athlete status in Kenyans.
Comp. Biochem. Physiol. A Mol. Integr. Physiol. 141, 169—175.

Sonna, L.A., Sharp, M.A., Knapik, J.J., Cullivan, M., Angel, K.C., Patton, J.E, Lilly, C.M.,
2001. Angiotensin-converting enzyme genotype and physical performance during US
Army basic training. J. Appl. Physiol. 91, 1355-1363.

Tringali, C., Brivio, I., Stucchi, B., Silvestri, I., Scurati, R., Michielon, G., Alberti, G.,
Venerando, B., 2014. Prevalence of a characteristic gene profile in high-level rhythmic
gymnasts. J. Sports Sci. 32, 1409-1415.

Vaughan, D., Huber-Abel, EA., Graber, E, Hoppeler, H., Fluck, M., 2013. The angiotensin
converting enzyme insertion/deletion polymorphism alters the response of muscle en-
ergy supply lines to exercise. Eur. J. Appl. Physiol. 113, 1719-1729.

Wisloft, U., Najjar, S.M., Ellingsen, O., Haram, PM., Swoap, S., Al-Share, Q., Fernstrom, M.,
Rezaei, K., Lee, S.J., Koch, L.G., Britton, S.L., 2005. Cardiovascular risk factors emerge
after artificial selection for low aerobic capacity. Science 307, 418-420.



220  The Physiology of Physical Training

preparational period, the ability which mostly limits the performance, must
be most extensively improved and in this period the duration of the training
load is emphasized. On the other hand, during the competitive period the
intensity increases, leading to enhanced performance.

TEST QUESTIONS

1. What are the components of 1-year periodization?

2. What factors determine goal settings in periodization?

3. What kind of loading patterns do you know?

4. What are the physiological effects of a micro-cycle that aims to improve
aerobic endurance?

5. What are the physiological effects of a micro-cycle that aims to improve
explosive strength?

6. What are the physiological effects of a micro-cycle that aims to improve
speed?

7. How would you prepare long-term development exercise program for
children?
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