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The locomotory system of animals and humans develops under gravity 
conditions and organized with regard to the action of gravitational forces. 
The absence of support loads in microgravity conditions is accompanied by 
changes in the functions of vestibular and locomotor systems [1]. In 
particular, it leads to the development of structural and functional changes in 
skeletal muscles, known as "hypogravitational muscle syndrome" (HMS) [1]. 
HMS manifests in the reduction of muscle tone, decrease of strength of 
muscle contractions, muscle hyperreflection and coordination disorders in the 
short-term (2-5 days) influence of microgravity. These disorders are 
accompanied by the development of atrophy of muscle fibers when the 
influence of microgravity is more long. Atrophy is accompanied by 
destructive changes in the thick and thin filaments, in particular, the 
degradation of myosin heavy chains is increased, the content of titin, nebulin, 
X-protein is decreased, integrity of dystrophin layer of sarkolemmal 
membrane is disturbed, myosin phenotype is transformed toward to the 
increase the proportion of fast isoforms of myosin heavy chains. Later the 
muscle tone, endurance and the general muscle performance are reduced. The 
most changes are observed in the muscle soleus, because it consists of slow 
fibers by 85-90%.  

In earlier studies we observed decrease in the content of N2A and a 
more high molecular weight (NT) titin isoforms in m. soleus of human and 
rat under conditions of simulated microgravity [2,3]. These changes 
contribute to the development of the HMS. 

In  this  paper  we  present  the  results  of  the  study  of  changes  in  titin  
isoform composition and sarcomeric structure in m. soleus, m. tibialis 
anterior and m. gastrocnemius of Mongolian gerbils (Meriones unguiculates) 
after the 12-day flight on the Russian spacecraft “Photon M3”.  

Methods. 2.0-2.3% SDS-PAGE with the addition of agarose (0.5-
0.6%) were used for electrophoretic studies of titin isoformes composition by 
method [4]. The content of titin was evaluated in relation to the content of 
myosin heavy chains. Western blotting of titin was performed by the method 
[2].  Antibodies  AB5  to  titin  was  used  as  the  primary  antibodies.  These  
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antibodies bind to the titin molecule in the A-disk around the M-line of the 
sarcomere. Muscle tissue samples were fixed for 2 hours in 1.25% 
glutaraldehyde with 3% formaledgide in 0.1 M Na-kakodilat buffer for 
electron microscopic studies. The samples were transferred to 1% solution of 
OsO4 for 1 hour. Dehydration of the samples was carried out by ethanol of 
different concentrations and the acetone. Fixed and dehydrated samples were 
filled by a mixture of Araldite M. and Epon 812 resins. Cutting of samples 
was carried out on ultratome with slope angle of the knife 5 . Negative 
staining of samples was performed by 1%-aqueous solution of uranyl acetate 
and lead citrate.  

Results and discussion. Taking into account that the content of N2A 
and NT isoforms in m. soleus of human and rat decreased under conditions of 
simulated microgravity [2,3,5], we expected to find a similar decrease of the 
titin content in skeletal muscles of Mongolian gerbils after space flight. 
However, electrophoretic studies was found the increase of NT-titin isoform 
content in m. tibialis anterior, m gastrocnemius, m.soleus at 1,12-2,0 times after 
space flight. At the same time in m. tibialis anterior was observed conservation 
of the N2A-titin isoform content, but in m. soleus and m gastrocnemius was 
found reduction (in 1,2-1,25 times) of N2A-titin (figure). In all these muscles 
the content of T2-titin fragment was decreased in 1.3-1.4 times (table).  

 

 
The changes in titin isoform composition in skeletal muscles of Mongolian gerbils 

under real microgravity conditions. Electrophoresis was performed in a vertical 
mini-gel containing 0.55% agarose and polyacrylamide 2.1-2.3%.  

1 -  m.soleus of control  group gerbils,  2 -  m. soleus of flight  group gerbils,  3 -  m. 
tibialis anterior of control group gerbils, 4 - m. tibialis anterior of flight group 
gerbils.  

 
It is known that the decrease of N2A-titin isoform content is accompa-

nied by disruption of the structure and contractile properties of rat soleus 
muscle under conditions of simulated microgravity [5]. Similar abnormalities 
of structure and functional properties of muscles as well as the decrease of titin 
content were observed in muscles after the influence of ionizing radiation [6]. 
We hypothesized that decrease of the titin content in m. soleus of gerbils after  
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Content of titin isoforms in gerbil skeletal muscles 
 

Muscle Group NT/  N2A/  T2/  NT/N2A 
control 0,025 0,127 0,020 0,188 m.soleus flight 0,028 0,102 0,015 0,247 
control 0,016 0,146 0,071 0,108 m. tibialis anterior 
flight 0,031 0,145 0,051 0,126 

control 0,015 0,157 0,087 0,101 m. gastrocnemius flight 0,030 0,133 0,062 0,163 
 

space flight (table) could lead to a damage of muscle sarcomeric 
organization, because atrophic changes in this muscle were observed [7]. 
However, the results of our studies did not reveal any disorders of highly 
ordered sarcomeric structure in m. soleus of gerbils after space flight. It 
should be noted that the decrease of contractile ability and the reduction of 
the Ca2+-sensitivity of force development of m. soleus fibers of gerbils flight 
group was not found [7].  

It is interesting that the changes in titin isoform composition in 
atrophied skeletal muscles of hibernating ground squirrels (Spermophilus 
undulatus) are similar to those in muscles of gerbils in conditions of space 
flight. In particular, it was found the preservation of the content of NT-titin 
isoform with a decrease in 1.3-1.5 times the content of N2A-titin isoform in 
ground squirrel skeletal muscles during hibernation [8,9]. These changes 
are not accompanied by disturbances of structural and functional properties 
of the skeletal muscle of ground squirrel [9-11]. Taking into account our 
results and published data about that the decrease of titin content is 
accompanied by disruption of the structure and contractile properties of 
muscle [5,6], we conclude that a main role in supporting of structural and 
functional properties of muscle plays the NT-isoform titin but not N2A-
isoform of this protein. It is interesting that the decrease in N2BA- and 
N2B-titin isoformes content in ~ 1.5 times with preservation of the NT-
isoform content in cardiac muscle of hibernating ground squirrels [8] did 
not lead to disturbances of the sarcomeric structure [9] and contractile 
properties of myocardium [12]. These data confirms our conclusion.  

So, the changes in titin isoform composition in skeletal muscles of 
gerbils after a 12-day space flight have adaptive nature and are aimed at 
preserving the content of high molecular weight NT-titin isoforms for the 
support an ordered sarcomeric structure and contractile activity of muscles.  
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Electron cryo-microscopy has established itself as a valuable method 
for the structure determination of protein molecules, protein complexes, and 
cell organelles. Cryo-observation of vitrified samples allows the ultrastruc-
tural study of macromolecules, molecular assemblies and cells in their natural 
environment. Cryoelectron microscopy combined with single-particle recon-
struction methods is a powerful technique to study the structure of biological 
assemblies at molecular resolution of 3-10A, it provides a means of capturing 
different conformational states and dynamic interactions of such assemblies. 
When the components of a macromolecular complex are known to atomic 
resolution, then the fitting and docking of X-ray coordinates into the lower-
resolution cryo-EM maps can provide new insights into the structure of the 
complexes and their functions.  

In cryo-EM the specimen, typically an unstained protein embedded in 
vitreous ice, is held at cryogenic temperatures while images are formed in the 
electron microscope. A modern cryo-EM specimen consists of aqueous film 
that spans holes in the thin carbon film. The protein film is blotted to very 


