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Abstract: Twenty-four male volunteers (mean + SD: age 25.4+5.8 years, height 178.6+5.5 cm, body mass 72.1+7.7 kg) of
different training background wereinvestigated and classified into three groups according to their physical activity and sport
discipline: untrained students (group A), national and sub-national level endurance athletes (group B, 7.8+2.9 years of
specialised training) and sprint-power athletes (group C, 12.8+8.7 years of specialised training). Muscle biopsies of vastus
lateralis were analysed histochemically for mATPase and SDH activities, immunohistochemically for fast and slow myosin,
and electrophoretically followed by Western immunoblotting for myosin heavy chain (MyHC) composition. Significant
differences (P<0.05) regarding composition of muscle fibre types and myosin heavy chains were found only between groups
A (41.7+1.6% of MyHCI, 40.8+4.0% of MyHCIIA and 17.5+4.0% of MyHCIIX) and B (64.3£0.8% of MyHCI, 34.0+1.4%
of MyHCIIA and 1.7+1.4% of MyHCIIX) and groups A and C (59.6+1.6% of MyHCI, 37.2+1.3% of MyHCIIA and 3.2+1.3%
of MyHCIIX). Unexpectedly, endurance athletes (group B) such as long-distance runners, cyclists and cross country skiers,
did not differ from the athletes representing short term, high power output sports (group C) such as ice hockey, karate,
ski-jumping, volleyball, soccer and modern dance. Furthermore, the rel ative amount of the fastest MyHCII X isoformin vastus
lateralis muscle was significantly lower in the athletes from group C than in students (group A). We conclude that the myosin
profile in the athletes belonging to group C was unfavourable for their sport disciplines. This could be the reason why those

athletes did not reach international level despite of several years of training.
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Skel etal musclesof mammal sare heterogeneousin com-
position of musclefibresand adaptabl e- these properties
ensure functional diversity in performing complex
movement patterns. During the last two decades it has
been established that the phenotype of musclefibresand
their contractile and metabolic proteins as well asfibre
cross-sectional areamay changeextensively inresponse
todifferentwork regimes[42, 43]. Thisability of muscle
tissuemay havepractical implicationfor both sportsmen
and patients.

Skeletal muscle fibres are classified into two major
groups, the slow-twitch and fast-twitch fibres. Their
contractile properties are determined by myosin heavy
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chain (MyHC) isoforms: the slow MyHCI and the fast
types MyHCIIA and MyHCIIX [6, 31, 40]. According
to Staron and Pette [43], there is a direct link between
MyHC compositionin musclefibresand their mATPase
activity. Slow muscle fibres express predominantly the
slow type MyHCI isoform with some proportion of fast
typeMyHCIIA [5, 6, 15, 16, 36, 40, 45]. Slow fibresrely
more on aerobic metabolism, whereas the fast fibres
depend more on anaerobic metabolism. Thus, slow fi-
bres are important for endurance activities and sports
such as long-distance running, cycling and swimming,
whereas fast fibres are key to power pursuits such as
weight lifting and sprinting [4]. Moreover, |1 X fibresare
superior to |l A fibresinrespect to maximal power output
and are crucia for sprint strength disciplines [37].
Human slow muscle soleus contains an approximately
equal amount of type | and type IIA myosin isoforms,
whiletypell X isomyosinisnot expressed in thismuscle
[21]. In contrast, human fast muscle such as vastus
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lateralisexpresses all threetypes of myosinisoforms at
variable proportions [21, 27].

It is well known that vastus lateralis of untrained,
physically active subjects contains approximately 50%
of type | and 50% of type || musclefibres. For example
in the studies by Andersen and Aagaard [1], Andersen
et al. [4] and Klitgaard et al. [26] the vastus lateralis
possessed approximately 50% slow typel, 40%typel A
and 10% I1X myosinisoforms. On the other hand, world
class marathon runners and ultra-endurance athletes
have 95%typel fibres[4, 22, 35, 37], whereas sprinters,
power weight lifters and throwers undertaking an an-
aerobic type of strength training contain predominantly
1A and I1X fibres[2, 3]. The latter athletes possess the
proportion of type| fibresaslow as 20% in the muscles
concerned [38]. Hence, skeletal muscles can express
different myosin isoforms depending on the type of
training regime. Another example of plasticity of the
mature skeletal muscles is that long-term endurance
training inducessignificant conversionfromfast to slow
musclefibres[24, 41, 46]. For example, 8-week training
decreased by 21%-70% type Il fibre population in 3 of
4 subjects [7, 25]. Furthermore, MyHC isoform shift
relieson production of anew polypeptideof slow MyHC
in fibres, which are till classified as type 1A fibres.
These changes at the molecular level in type llA fibres
mark the beginning of their transition towards the slow
typel fibres[7]. Exercise-induced transformation in the
reverse direction (type | to I11A) appears much more
difficult to be achieved and requires rigorous exercise
regimen [4]. According to Esbjornsson et al. [14] and
Jansson et al. [23], sprint training may cause such trans-
formationin humanvastuslateralismuscle. Ontheother
handit hasrecently been shownthat each kind of training
(endurance as well as power activities) decreases the
expression of type IIX MyHC isoform [1].

Although top class endurance athletes contain pre-
dominantly type | fibres and the muscles of power
athletes contain predominantly type Il fibres [13, 18,
34], it isstill not known to what extent the distribution
of muscle fibre types in sportsmen is the effect of in-
herited, genetic predisposition and environmental in-
fluences such asdifferent training regime. Furthermore,
literature on this subject usually describes myosin
profile in muscles of world class sportsmen but littleis
known about myosin characteristic in muscles of na-
tional and sub-national level athletes. Those athletes,
despite of many years of training, can not reach interna-
tional level. We postul ate that one of the reasons may be
improper myosin profile in their locomotor muscles
crucid for the excellencein their sport.

Hence, the aim of the present study was to andyse the
composition of musclefibre typesand myosn heavy chains
inathighmuscle vastuslateralis of physically active but
untrained students and of national and subnational level
sportsmen, representing different sport disciplines.
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Materialsand methods

Subj ects. Twenty-four male volunteers (mean + SD: age 25.4+5.8
years, height 178.6+5.5 cm, body mass 72.1+7.7 kg) of different
training background were investigated and classified into three
groups according to their physical activity and sport discipline.
Group A contained 7 physically active but untrained students of the
Academy of Physical Education in Cracow. Group B included 9
endurance athletes (7.8+2.9 years of specialised training): long dis-
tance runners, cross country skiers and cyclists. Group C consisted
of 8athletes(12.8+8.7 yearsof specialised training) performing short
term, high power output sports such as ski jumping, karate, ice-hoc-
key, soccer, modern dance, volleyball and handball. Sportsmen of
group B and C represented national level in their sport disciplines.
All volunteers were subjected to detailed medical interview and
check-up. TheLocal Ethical Committee approved theinvestigations.

Muscle biopsy. After local anaesthesia (2 ml of 1% lignocaine),
percutaneousmuscl e biopsy samplesweretaken fromthemiddlepart
of vastus lateralis m. quadricipitis femoris 15 cm above the upper
margin of patellausing 0 5 mm Bergstrom needles[8]. Each biopsy
was transversally divided into two parts. One part was assigned for
histochemical and immunohistochemical analyses and the other part
was used for SDS-PAGE and Western immunobl otting.

Histochemistry and immunohistochemistry. The biopsies were
covered with amixture of Tissue Tek (TAAB laboratories, UK) and
atalcum powder and rolled into pig colon submucosa. Such speci-
mens were frozen in isopentane cooled with liquid nitrogen and
stored until use. Serial, 10 pm thick cryosections were treated for
MATPase after alkaline (pH 10.4) and acid (pH 4.35 and 4.6)
preincubations [10, 19], and for SDH activity [33]. For immunohis-
tochemistry sectionswereincubated overnight with mousemonoclo-
nal antibody (Novocastra Laboratories Ltd., Newcastle upon Tyne,
UK) against fast myosin heavy chain (NCL-MHCf, 1:100), slow
myosin heavy chain (NCL-MHCs, 1:150), neonatal myosin heavy
chain (NCL-MHCn, 1:50) or developmental myosin heavy chain
(NCL-MHCd, 1:60) dilutedin Trisbuffered salinepH 7.2 (TBS). For
visualization of immunoreactions Biotin-Streptavidin kit (DAKO,
Denmark) was applied according to kit instruction (DAKO LSAB 2
System, Peroxidase). After final washes, sections were mounted in
glycerine jelly, viewed and photographed in Axioskop light micro-
scope (Zeiss, Oberkochen, Germany). The point counting method
with A121 square lattice test system was used [48] to establish the
numerical density of the muscle fibre typesin relation to the inves-
tigated biopsies. Muscle fibres of type I, IIA+lIX and IIA/l were
counted in sections stained for mATPase activity after akaline
preincubation. Fibres of type | were also counted in sectionsimmu-
nostained for slow myosin heavy chain while hybrid fibres express-
ing isomyosins I/IIA and fast fibres 1A + 11X were counted in
sectionsimmunostained for fast myosin heavy chain.

SDS-PAGE and Western immunoblotting. Muscle biopsies were
cryosectioned and extracted with 62.5 mM Tris, 10% glycerol, 5%
2-mercaptoethanol, 2.3% SDS, pH 6.8. SDS-PAGE of myosin ex-
tract was performed according to Carraro and Catani [12] with 3%
stacking and 6% separating gels containing 37.5% glycerol at 60 V
for 30 min followed by 180V for 3 h. For immunoblotting, samples
were transferred onto immobilon-P transfer membrane (Millipore
Corporation, Bedford, USA) at 30 V for 12-15 h [47]. Membrane
wasblocked for 1 hin 10% non-fat dry milk in TBS, 0.1%Tween 20
(dilution buffer) and then incubated for 1 hwith primary monoclonal
antibody against fast myosin diluted 1:200, or against slow myosin
diluted 1:100 in dilution buffer. Bound primary antibody was de-
tected with goat anti-mouse akaline phosphatase conjugate (Pierce
Chemica Co., Rockford, IL, USA), diluted 1:2500, followed by
BCIP/NBT (5-bromo-4-chloro-3-indol phosphate/ nitrobluetetrazo-
lium) treatment. The relative amounts of slow and fast MyHC
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resolved by SDS-PAGE and fast isoforms MyHCIIA and MyHCII X
analysed by Western immunoblotting were assessed by densitome-
tric analysis of polyacrylamide gels and PVDF membranes, using
CCD camera (Fotodyne Incorporated) and a Gel Pro Analyser soft-
ware.

Statistical analysis. All values are reported as meantstandard devi-
ation(SD). Datawasexamined by MANOV A andtested for differen-
ces by Tuckey test. A confidence level of P<0.05 was chosen to
indicate statistical significance.

Results

Histochemistry and immunohistochemistry

Histochemical and immunohistochemical examination
of 24 muscle biopsies allowed to classify muscle fibres
into four types, I, I/l1A, 1A/l and I1A+l1X, according to
their MyHC isoform content. Fibres of type | contained
pure slow myosin and were negative in reaction for
MATPaseactivity after alkaline preincubation (Fig.1 a).
Type Il fibres - fast fibres were considered as both
[1A+1X fibres. They were positive (dark) after alkaline
and negative (white) after acid preincubations (Fig.1 a,
b, ¢). Both 1A + 11X fibres displayed intense immuno-
staining with antibody against fast myosin (Fig.1d) and
were negative after immunostaining with antibody
against slow MyHC (Fig.1e). Hybrid musclefibres1/I1A
were detected after immunoreaction against fast myosin
and displayed anintermediate stainingintensity between
the fast and slow type fibres (Fig.1d). The I/I1A fibres
were recognized in 22 investigated biopsies (Table 1).
Another hybrid musclefibres|1A/l were discerned after
reaction for mATPase activity with alkaline preincuba-
tion asthefibresof brown colour in contrast to the black
coloured fibres of type Il (Fig.1a). Fibres 1A/l were
present only in four biopsies (Table 1). The metabolic
profile of the particular types of muscle fibres was
evaluated visually on the basis of colour density of
diformazan deposits in reaction for SDH activity. Both
hybrid types of muscle fibres, I/I1A and [1A/, showed
high oxidativeactivity similar totypel fibres, whiletype
Il fibres displayed colour density from medium to none
(Fig. 1f). Immunohistochemical analysis of frozen sec-
tions from biopsies of vastuslateralis with monoclonal
antibodies against neonatal and developmental myosin
revealed that none of 24 muscle biopsies contained
neonatal or developmental myosin (not shown).

The mean percentages of slow typel, fast typell and
hybrid (I/l1A + I1A/l together) muscle fibres in vastus
lateralis from students (group A), endurance athletes
(group B) and athletestrai ning sprint strength disciplines
(group C) are summarised in Table 1 and displayed in
Figure 2. Significant differences in muscle fibre type
content existed only between group A and the two other
groups for slow and fast fibres (P<0.02), and between
group A and group C for hybrid fibres (P<0.03).
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SDS-PAGE and Western immunoblotting

Electrophoretic analysisof myosinheavy chainsin poly-
acrylamide gel revealed the presence of the two most
abundant isoforms of MyHC in each of 24 biopsies of
vastus lateralis. The fastest migrating band represents
slow MyHCI isoform and the slower moving band refers
tofast MyHCIIA isoform. Thethirdisoform, MyHCII X,
with the slowest electrophoretic mobility was detected
in all biopsies from untrained students (group A), in 3
biopsies from endurance athletes (group B), and in 4
biopsies from athletes performing short term, high
power output sports (group C). An example of MyHC
patternsrepresentativefor each groupisshowninFigure
3. Densitometric analysis of slow and fast isoforms of
MyHC resolved in polyacrylamide gels showed that
vastus lateralis from the group of students contained
almost equal amount of slow and fast myosin heavy
chains, whilein enduranceathletesand athl etes of group
C dow MyHCI was moreabundant than both MyHCIIA
and MyHCIIX (Fig. 4). Differences in MyHC content
were statistically significant at P<0.02 only between the
group of studentsand the other two groupsof sportsmen.

To evaluate more accurately the relative amount of
MyHCIIA and MyHCIIX protein in muscle biopsies,
myosin heavy chains resolved by SDS-PAGE were
transferred onto PVDF membrane and probed with
monoclonal antibody against fast myosin. A typical
example of immunoblot representative for the investi-
gated groups is shown in Figure 5. Densitometric ana-
lysis of MyHC protein bound to PVYDF membrane
revealed that MyHCIIA dominated over MyHCIIX in
all investigated biopsies (Fig. 6). However, statistically
significant differences existed only between group A
and the two other groups for MyHCIIA at P<0.01, and
for MyHCIIX at P<0.03. There was no difference be-
tween group B and C for MyHCIIA or MyHCIIX. The
resultsof SDS-PA GE and Westernimmunobl otting ana-
lysesfor all 24 subjects are summarised in Table 1.

To evaluate the relative proportions of MyHCI,
MyHCIIA and MyHCIIX in biopsies from vastus lat-
eralis, data from Western blotting was expressed as
percentages of total MyHCII estimated by SDS-PAGE.
Therefore, ingroup A therewas41.7+1 .6% of MyHCI,
40.8+4.0% of MyHCIIA and 17.5+4.0% of MyHCIIX,
in group B: 64.3+0.8% of MyHCI, 34.0+1.4% of
MyHCIIA and 1.7+1 .4% of MyHCIIX, andin group C:
59.6+1.6% of MyHCI, 37.2+1.3% of MyHCIIA and
3.2+1.3% of MyHCIIX.

Analysis of correlation

Three different methods were used for examining
MyHC protein expression in human vastus lateralis
muscle - myofibrillar ATPase assay, immunohisto-
chemical labelling with monoclonal antibodies and



Table 1. Histochemical, immunohistochemical and electrophoretical characteristics of muscle biopses from vastus lateralis of 24 volunteers

Percentape of musche e types (mean £ 515 Percentiee of MyHC (men £ 50
Biopsy number mATPase Antibadies SDS-PAGE Western hlatting
i spovt diacipline i WAL | A+ TX i LA | HA+ X i WASIN | WA T
|, student EENESN ] 66.9+47 | 262+22 | 12406 | TI6+34 | 161+£75 | 839475 | 626+26 | 374426
2. student 444223 ] 556418 | 411230 | 31+00 | 558436 | 443405 | 558405 | 591243 | 409443
3. siudent 481+21 i) 51957 | 483138 0 51742 | 453+09 | 508+09 |[67.02192 | 329+%192
4. student 469+ 319 i) Sh1x46 | 416+39 | 12+44 | S$7T2260 | 388126 | 613£26 | 772203 | 228103
5, studiens 496122 i) S04+54 [ 469126 | 09109 | 522144 433 56.7 T0+132 | 901132
. student BdS+ 16 i] ISSEA0 | S12£47 | 15+08 | 473244 46.0 54.0 B13£77 | 187177
7. student EEEEL) ] WT+27 | 55538 | 95£22 o432 ] 46,1 ] 6.1
Mean percentage (group A) | S0+ 28 i Sh+43 | 444434 | 25204 | SR1+42 ) 41LTH16 | SRAE16 | TONE6R | I00i6R
8. distance runper 665+ 1.5 1] 135446 | 644451 | 15419 | 3M0+30 | 6604001 | 340401 10 il
o, distance ranner 453+ 3.4 i) SMT+39 | 479+36 | 28+10 | 493+50 | 702+27 | 298+27 10 il
|0, distance runner 619+3.7 ] 370430 | 654143 | 0711 339429 | T92+21 | 208420 [ 90010140 | 1004141
[1. eyelisi 613+ 18 i] IBTIS | 644250 | 1LT+07 | 339x232 527 473 TT+121 | 263+12.1
12. distance runner 51466 ] 486140 | 446155 | 54131 499+ 5.0 106 0.4 S41+83 | SH91RI
13, cyclist 6l.2=20 ] ME+2S | 659+490 | 361 05+12 fi.0 351 1060 i
14, gyelist TAlEd44 | 50405 | 199410 [ 687451 [ 1.1+05 W02+ 1.0 553 44,7 100 i
15, ctoss country skier 703220 ] MT+28 | 61.7+74 | 152443 | 2301428 Ak, n.a 10 i
16, cross country skier B6S&2T i (35413 | 813260 | &1£ L7 1264 1.1 B2A+23 [ 175423 100 i
Mean percentage (group B) | 655437 | LT2006 | 339430 | 627452 | 42#L7 | 330429 | 64320E | 3ETH08 | 05S3#3K | 4T438
17. modem dancer TIEx45 | 58419 | 22422 | T10+£39 | 43+08 | 247228 | T6%1.1 | 285% 11 100 i
| 8. karate fighter 420+32 ] SB0t47 | 469132 o 530143 | 41.2£51 | SBELES1 [ 9201117 791117
I9. soccer player 662+ 4.6 ] IIE+20 | 529249 | 135434 | 335%27 456 54.4 TE4285 | 216185
20, vollevball plaver 65432 | 5702 | TELI0 | 559142 | 2BE13 43+ 15 57.7 413 953t86 | 47166
21, ski-jumper 00+ 3.0 ] WO+19 [ 814+38 | $6+15 330+ 5.6 a1, 389 100 il
22, hockey player 813220 | 08404 | 170419 | 690£60 | 77408 | 213417 | 717428 | 283428 100 0
23, hockey plaver SB9£23 | 0 | 4L1+30 | 665+49 | 113421 | 222239 | 697423 | 304+23 | 100 )
24. handbail player To5+34 ] W5+19 | T00+55 | 48+23 252417 | 579+14 | 420414 [y 0.2
Mean percentape (group C) | 6E8+34 | LS+0d | 307425 | 617448 | G2+18 | 120433 | 806+ 16 | 0516 | 1033 | RI+33
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Fig. 1. Histochemical andimmunohistochemical analysisof slow I, fast [1A+11X, andhybrid I/I1A, 11 A/l musclefibresin serial frozen sections
from human vastuslateralismuscle. Myosin AT Pase activity after preincubationsin buffersat pH: (a) 10.4, (b) 4.35, (¢) 4.6. Immunostaining
withmonoclonal antibodiesagainst: (d) fast and (e) slow myosinisoforms. Histochemical staining for SDH activity to depict aerobic capacity

of musclefibres (f). Bar = 50 pm.

SDS-PAGE followed by Western immunoblotting.
There was a significant positive correlation at P<0.001
between: the relative amount of slow and fast MyHC
resolved by SDS-PAGE, and the number of slow and
fast muscle fibres assayed by mATPase (r=0.74), the
number of slow and fast muscle fibres demonstrated by
monoclonal antibodies and assayed for mATPase
(r=0.95), andtherel ativeamount of slow andfast MyHC
resolved by SDS-PAGE, and the number of slow and
fast muscle fibres demonstrated by monoclonal anti-
bodies (r=0.84) (Fig. 7). High values of correlation

coefficient point out a strong correlation between the
specific parameters estimated with these methods.

Discussion

The main purpose of this study was to characterise
myosin profile of thigh muscle vastus lateralis in na-
tional and subnational level athletesrepresenting differ-
ent sport disciplines in relation to a control group of
physically active but untrained students. This main lo-
comotor skeletal muscle was chosen because it is well
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Fig. 2. Graphic demonstration of the mean percentage of slow |, fast
I, and hybrid I/IIA + 11A/l fibres in biopsies of vastus lateralis
muscle of untrained students (A), athletes of group B and athl etes of
group C. Significant differences (*) exist between group A and the
two other groups for slow and fast fibres (P<0.02), and between
groupsA and Cfor hybrid fibres (P<0.03). Therewereno significant
differences (#) between groups A and B and between B and C for
hybrid fibres.
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Fig. 3. SDS-PAGE analysis of myosin heavy chain content in
biopsies from vastus lateralis representative for untrained students
(A), athletes of group B and athletes of group C. I, I1A and 11X
indicate the positions of MyHCI, MyHCIIA and MyHCIIX in poly-
acrylamide gel, respectively.

characterised physiologically and biochemically and its
phenotype clearly reflects any adaptive changes taking
place during a variety of physiological conditions such
asdifferent typesof trainingregime[2, 3, 28, 42, 44, 49].
It was reasonable to expect qualitative or quantitative
differencesin the composition of musclefibretypesand
myosin heavy chain content in this muscle between
students and national/subnational class athletes, and be-
tween athletes representing endurance and short term,
high power output sport disciplines. Characteristics of
muscl e biopsieswere done by combining histochemical
MAT Pase activity, immunohistochemical |abelling with
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Fig. 4. Graphicillustration of the mean percentages of slow MyHCI
and fast MyHCII resolved by SDS-PAGE in biopsies of vastus
lateralismusclefrom untrained students (A), athletes of group B and
athletes of group C. Significant differences (*) exist between group
A and the two other groups at P<0.02.
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Fig. 5. Western immunoblot of fast isoforms MyHCIIA and
MyHCIIX from biopsies of vastus lateralis representative for the
group of untrained students (A), athletes of group B and athletes of
group C. PVDF membrane was probed with monoclonal antibody
against fast myosin. 1A and 11X indicate the positions of MyHCIIA
and MyHCIIX in the membrane, respectively.
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Fig. 6. Graphic demonstration of the mean percentages of fast
isoforms MyHCIIA and MyHCIIX in biopsies of vastus lateralis
fromuntrained students(A), athletesof group B and athletesof group
C. Significant differences (* ) exist between group A and the two
other groups for MyHCIIA at P<0.01, and for MyHCIIX at P<0.03.

monoclonal antibodies against fast and slow myosin,
and protein electrophoresisfollowed by Westernimmu-
noblotting. High values of correlation coefficient be-
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Fig. 7. Scatter plots of the relative amount of slow and fast MyHC
resolved by SDS-PAGE and the number of slow and fast muscle
fibres assayed by mATPase (a), the number of slow and fast
muscle fibres analysed with monoclonal antibodies and assayed
for mATPase (b), and the relative amount of slow and fast MyHC
resolved by SDS-PAGE and the number of slow and fast muscle
fibres analysed with monoclonal antibodies (c). The correlation
coefficients(r) aregiveninthescatter plots. Critical valueat P<0.001
is r=0.465. Open sguares and solid circles represent slow and fast
types, respectively, of MyHC and musclefibres.

tween the results obtained with these methods point out
a strong correlation between myosin heavy chain con-
tent and musclefibretypescompositionin human vastus
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lateralis muscle and thus emphasize good accuracy in
biopsy characteristics (Fig. 7). This assumption is in
agreement with the results of Staron and Pette [43] who
showed thedirect link between MyHC composition and
MAT Pase activity, and with the report of Rivero et al.
[36] oncorrelationanalysisbetweenfour different meth-
ods, which gavetheclear proof that myosin heavy chains
represent the best possible marker of muscle fibre type
characteristics.

The major and unexpected finding of the present
study was that endurance athletes and athletes repre-
senting high power output sport disciplines have not
revealed any significant differencesin the composition
of the slow and fast muscle fibres and myosin heavy
chains in their vastus lateralis muscle (Fig. 2, 4, 6).
Muscle phenotype in both groups of these athletes was
similar with low amount of MyHCIIX isoform and
marked predominance of slow type muscle fibres and
sow myosin heavy chain isoform MyHCI. Thus, this
phenotype was adapted rather for long lasting and sus-
tainable activitiestypical for endurance disciplinesthan
for fast disciplines requiring high power output during
short time. Furthermore, the relative amount of the fas-
test MyHCIIX isoform in vastus lateralis muscle was
significantly lower in athletes training sprint strength
disciplines than in students. However, it is difficult to
establish to what extent the expression of this slow
phenotype was inborn or was the result of training
volume overload because the myosin profile before the
beginning of the training process was unknown. In any
case, lack of an appropriate myosin profile such as that
inmusclesof top classathletesof sprint events[4] might
be one of the reasons that did not allow them to achieve
international competition level.

Many studies on conversion of muscle fibres found
that repeated training overload induces fast to slow
transformationinmyofibrillar proteinisoformsandfibre
type composition [4, 17, 28, 30]. During resistance or
running exercise, 11X fibres are converted to the slower
but more oxidativell A fibres. However, it wasfound by
Andersenet al. [4] that during therest period, rather than
simply returning to the pre-training level, the relative
amount of MyHCIIX isoform roughly doubled three
monthsinto detraining. Moreover, the default gene hy-
pothesis suggests that when the muscle is not subjected
to stretch or force generation, the fast myosin heavy
chain geneisexpressed by default [17]. For thisreasons
an"overshoot" phenomenon of theexpression of thefast
myosin MyHCI1X isoform, reported by Andersen et al.
[1, 4], should be considered in the case of athletes
performing short term, high power output sport disci-
plinestowhomfast 11X fibresare crucial. A program of
vigorousweight trai ning supplemented with other forms
of anaerobic exercise was proposed by Andersen et al.
[4] for sprinters, asthistraining regime convertsnot only
type l1X fibresto I1A but aso typel fibresto l1A.
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In group B, there was a national level athlete with
high amount of slow myosin heavy chain (82.6%
MyHCI, 17.4% MyHCII A and 0% MyHCI I X) whowon
the Polish championship, while in group C there was a
sportsman (61.1% MyHCI, 38.9% MyHCIIA, 0%
MyHCIIX), whoin spite of long-lasting training did not
achieveinternational results. It isworth mentioning that
untrai ned students possessed on average41.7% MyHCI,
40.8% MyHCIIA and 17.5% MyHCIIX isoforms. Our
study shows that the choice of sport discipline not al-
way's corresponds to favourable myosin profile. Hence,
the best criterion of such choice would be to evaluate
type of skeletal muscle myosin before training, which
directly results from individual genetic predispositions
of athletes.

According to Picard et al. [32], histochemical and
immunohistohemical classifications of muscle fibres
well agreefor so called "pure” fibres of typel, 1A, and
[1X but present some differencesfor the classification of
hybrid fibres. Hybrid muscle fibres 1/I1A possessed
more slow myosin than fibres 1A/ that expressed the
greater amount of fast myosin. Hybrid fibres are
thought to represent an intermediate stagein thetrans-
formation process of fast to slow and from slow to fast
fibres [1, 4, 11, 20]. In the present study, four fibre
types were detected in human vastus lateralis muscle
using MATPase assay and immunohistochemistry with
monoclonal antibodies: "pure” slow typel and fast type
Il considered aslIA+11X fibres, and hybrid fibresclassi-
fiedastypel/llA andtypell A/l. Therewassignificantly
more hybrid fibres in vastus lateralis of athletes repre-
senting short term, high power output sports than in the
same muscle of untrained students, which suggests that
the presence of hybrid fibres was the result of intensive
physical training of this muscle. Hence, these results
well agree with the current concept on the origin of
hybrid fibres[1, 4, 11, 20].

As expected, significant differencesin slow and fast
muscle fibres and myosin heavy chain content in vastus
lateralis were found between physically active but un-
trained students and both groups of national class ath-
letes. On the average, the untrained students’ muscles
expressed almost equal levelsof fast (typellA+11X) and
slow (type |) phenotype. However, in this group we
encountered students with slow fibre percentage aslow
as 33% and ashigh as64%inthevastuslateralismuscle
assayed for mATPase activity. The same students con-
tained 37% and 18% of MyHCI I X isoform, respectively,
in their vastus lateralis analysed by Western immuno-
blotting. Therefore, judged by these criteria, they havea
similar possibility to achieve national level in sport
performance as the subjects from groups B and C.

As discussed above, the highest expression of
MyHCIIX isoform was found in the group of untrained
students. This is in agreement with the recent study of
Andersen and Aagaard [1] showing overexpression of
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MyHCIIX after detraining process as well as with the
findingsshowingoverexpressionof MyHCIIX inimmo-
bilised muscles[for review see 9, 29]. Surprisingly, the
subjects from group C in which one would expect the
highest expression of MyHCIIX, did not differ in this
respect from subjects of the group B.

It is well established that the muscles containing
higher proportion of type I1X fibres possess greater
maximal velocity of shortening, which isthe key factor
in maximal power generating capability [for review see
39], required for successful performance in the sports
trained by the subjects from group C. According to the
experimental data, not force but the maximal velocity of
contraction plays the key role in producing maximal
power output. Training-induced decrease in the number
of 11X fibres may decrease maximal power output. On
the other hand, higher proportion of MyHCI1X isoform
found in untrai ned students, without atraining of muscle
force, does not guarantee high power generating capa-
bilitiesin their muscle. According to the power-velocity
relationship of different musclefibres[39], low propor-
tion of the fastest MyHCIIX in the muscles of the
sportsmen from group C, when compared to group A,
may limit the generation of maximal power output
needed for successful performance in their sport disci-
plines.

We conclude that the myosin profile in the athletes
belonging to group C is unfavourable for their sport
disciplines. Thiscould bethe reason why those athl etes,
despite of severa years of training, did not reach inter-
national level.
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