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Background



Overall structure of muscle
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Skeletal Muscle – Anatomy and Physiology



Sarcomere and Thick filaments

Thick filament and bare zone. SKELETAL MUSCLE - Cellular Physiology - Physiology 5th Ed.



Thick Filament Protein Network

• myosin II


• MyBP-C


• Titin


• Others near BZ

Compr Physiol. 2018



Questions to be addressed



Remaining doubts from previous studies

• The detailed structures of thick filaments in vertebrates:


• perfectly helical as in invertebrates?


• how about titin and MyBP-C?


• How proteins, esp. myosin, titin and MyBP-C, carry out their highly 
regulated functions within the confined space of the thick filament:


• previous predicted model?


• how those observations map onto the thick filaments in situ?



Main results



Main results

• The 3D structure of thick filament in situ in vertebrates;


• Molecular details of the complex organization of myosin heads, 
tails, titin and MyBP-C;


• Visualizing critical interactions between myosin, titin and MyBP-C.



Methods



Methods
cryo-ET:


• Demembranated mouse cardiac myofibrils;


• Mavacamten，一种治疗心肌肥大病dilated cardiomyopathy (DCM) or 
hypertrophic cardiomyopathy (HCM) 的药物，可以稳定myosin的OFF/
relaxed松弛结构


cryo-EM:


• Human cardiac ventricular tissue;


• Mavacamten



Results in detail



Structure of relaxed cardiac sarcomere

• P zone: proximal


• C zone: cMyBP-C-containing


• D zone: distal zones


• Bare zone(BZ): (M band) lacking 
myosin heads



Structure of relaxed cardiac sarcomere



Structures
• C-zone:

• Myosin:

• heads;

• tails.


• Two myosin binding proteins:

• Titin(Titin-  & Titin- );

• myosin-binding protein C(MyBP-C).


• P-zone;

• M-band(Bare zone):

• M-band-associated proteins;

• Titin(Titin- ).
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Structure model of the C-zone



Structure model of the C-zone



Myosin heads and tails



The arrangement of myosin within the C-zone
3 crowns:

• CrD: crown 2, disordered

• CrT: crown 3, tilted

• CrH: crown 1, horizontal



The arrangement of myosin within the C-zone 
(left: SPA, right: cryo-ET)

Crown 2(CrD)Crown 1(CrH) Crown 3(CrT)



Different arrangement of Myosin in vertebrate and 
invertebrate 

Giant water bug(负子蝽), Science 2016Tarantula(狼蛛), Nature 2005 Human, Nature 2023

Such functional specialization represents an evolutionary increase in complexity

Perfectly helical Quasi-helical



Titin(C-zone)



MyBP-C



MyBP-C

bind to the thick filamentform the bridgebind to the thin filament



3D model of the C-zone 
(left: SPA, right: cryo-ET)



3D model of the C-zone



3D model of the P-zone

P-zone

C-zone
A-band

M-band



3D reconstruction of M-band

maybe myomesin 1, 
OBSL1 and possibly 
myomesin 2



3D reconstruction of M-band

1:1

blueprint for titin m-domain localization and structural rationalization, initial model



Structures



Interactions
• myosin heads with heads


• myosin tails with tails


• titin with myosin tails


• MyBP-C with myosin heads


• MyBP-C with myosin tails


但是，titin和cMyBP-C以及titin和myosin heads之间都是没有互作的



Myosin head-head

IHM interactions may stabilize the relaxed state



Myosin tail-tail

Myosin tails form an interconnected network in the filament backbone



Titin - Myosin tails



Titin - Myosin tails



MyBP-C - Myosin heads

The OFF state of crowns 1 and 2 is stabilized by interactions with cMyBP-C and titin



MyBP-C - Myosin tails



MyBP-C - Thin filaments



Summary

• The 3D structure of thick filament in situ in vertebrates;


• Molecular details of the complex organization of myosin heads, 
tails, titin and MyBP-C;


• Visualizing critical interactions between myosin, titin and MyBP-C.


