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Abstract:
The production of custom silicon-nitride force nano-
levers allows for the measurement of nanometre-level 

displacement of cantilevers attached to individual 

basic muscle properties (Figure 1).  Recently, our lab has 
used cantilever-based force measurements in isolated 

extreme and reversible expansion at extreme sarcomere 
lengths (Figure 2).  Notably, this expansion appears to 

and may constitute an injury prevention mechanism 
in skeletal muscle at extreme sarcomere lengths 
(Figure 2).  Second, following our recent advances in 
immunolabeling techniques of titin (see [2]), we have 

titin appear to be extensible when titin is in its in situ 

that titin does indeed pull out of the A-band (Figure 
3).  Last, in collaboration with the High-Resolution 
Macromolecular Imaging Facility at the University of 
British Columbia, we have developed a unique system 
that allows for imaging of individual sarcomeres and 

after mechanical testing is performed on those exact 

sarcomeres with angstrom-level resolution of protein 
structures within those same sarcomeres and therefore 

molecular mechanisms of muscle function.  Importantly, 
all recent advancements have been made possible by 
the use of the custom silicon-nitride force nano-levers 
that allow for measurements of force production in 

nanolevers imaged under phase contrast. 
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Summary of Research:

Olympus IX83 microscope in both phase contrast 

were analysed using CellSens® Dimensions software.  

silicon-nitride force-nanolevers; the glass needle was 
displaced using a piezoelectric motor, and force was 
measured using optical displacement of the force 
nanolevers based on known spring constants. 

testing (Figure 2A), we investigated the behavior of the 

Conclusions and Future Steps:
In conclusion, the use of custom force nanolevers for 

to developing our understanding of muscle mechanics.  

coupled with simultaneous force measurements of 

development of novel techniques such as mechanically 
coupled Cryo-ET of individual sarcomeres. 
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both phase contrast imaging (Figure 2B) and using 

2C) at extreme sarcomere lengths.  Notably, after a 10 

to normal width, suggesting that this undescribed 
phenomenon is reversible.  We attempted similar 

Second, we placed titin immunolabels at the distal end 
of titin’s PEVK and at titin’s main immunogenic region 
(MIR), located at the A-band insertion of titin (Figure 

the distal immunoglobulin domain extension in isolated 

were highly extensible (Figure 3B), in opposition to 

titin’s insertion into the A-band, measured by the MIR 
immunolabel, pulled out of the A-band (Figure 3C). 
Third, we have developed a unique protocol where a 

force-nanolevers, then placed directly onto a Cryo-ET 
grid (Figure 4A) while preserving the mechanical state 

correlation of mechanical properties at the sarcomeric 
level with protein structures in individual sarcomeres 

understanding of muscle function. 

clearly demonstrate extension past fully folded contour length 
indicating unfolding of Ig domains occurs. (D) Location of TTN-

its sarcomere length and can be found intact exactly as it was 
placed on the grid.


