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論  文  内  容  の  要  旨  

氏  名  （     山田 有里佳  ）

論文題名 Structural analysis of muscle thin filament by electron cryomicroscopy and image analysis 
(クライオ電子顕微鏡と画像解析による筋肉の細いフィラメントの構造解析) 

論文内容の要旨 

Muscle contraction is driven by cyclic interactions of myosin in the thick filament 
with actin in the thin filament composed of actin, tropomyosin and troponin complex 
(TnC, TnI, TnT). It is thought that the binding of Ca2+ released from sarcoplasmic 
reticulum to TnC causes a conformational change of tropomyosin on the actin filament to 
allow actin-myosin interaction. To understand this regulatory mechanism, it is necessary 
to elucidate the structure of the thin filament at high resolution. First, I developed a 
method to isolate intact Ca2+ free and Ca2+ bound thin filament from skeletal muscle of a 
crab, Portunus trituberculatus, at high yield. However, the result of structural analysis by 
electron cryomicroscopy (cryoEM) showed that only 25% of the isolated thin filaments 
were fully decorated with tropomyosin and troponin. To increase the number of fully 
decorated filament, I treated the thin filament by glutaraldehyde to mildly crosslink Tm 
and Tn with actin filament and obtained a density map of actin filament fully decorated 
with Tm in the absence of Ca2+. 

For visualization of the location of troponin on the thin filament, we established a 
method of image analysis for 3D reconstruction of the thin filament, where accurate 
alignment of troponin was very difficult. A cryoEM density map of the thin filament in the 
absence of Ca2+ at around 20   resolution showed interesting features of 
actin-tropomyosin-troponin interactions that have never been seen before.  

Chemical crosslinking was necessary to stabilize the actin filament with the Tm and 
Tn complex for cryoEM image analysis, although it was not necessary for the analysis of 
negatively stained EM images. The Tm and Tn complex dissociated from the filament 
possibly by the process of making thin film of solution for quick freezing to prepare 
frozen-hydrated thin filaments embedded in thin vitreous ice films. To prevent the 
dissociation of Tm and Tn from the filament without crosslinking, I made an E. coli
expression system of human cardiac Tn complex and slightly modified Tm, purified them 
and reconstituted the thin filament using skeletal muscle actin filament. Modification of 
tropomyosin was designed to increase the binding affinity to actin filament to prevent its 
dissociation from the filament. However, 3D image reconstructed by cryoEM image 
analysis still showed only a weak density of tropomyosin. But, an addition of a low 
concentration of a detergent just before quick freezing prevented the dissociation of 
tropomyosin. We were thus able to obtain the structure of actin filament in complex with 
tropomyosin and troponin.  




