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    Chapter 6   
 Summary of the MHSMG                     

            In Chaps.   3    –  5    , the examples of multi-scale hierarchical supra-macromolecular gel 
(MHSMG) were shown. The cytoskeletal proteins of actin, MT, and tropomyosin 
were successfully built into the hydrogels as the main chains by simple cross- linking 
with covalent bonding. Concerning the mechanical properties of these hydrogels, 
the values of  G ′ reached to the range of 10 3  Pa that is comparable or higher than 
living cells. In addition to this, dynamic natures of actin, MT, and tropomyosin 
endowed the environment responding properties against ionic strength, tempera-
ture, and pH in the physiological conditions for the actin, MT, and tropomyosin 
main chains, respectively; the responses were reversible. In the case of actin and 
MT which can actively self-assemble, they could show the sol–gel transition rather 
than swelling–deswelling, meanwhile the tropomyosin gel marked highest elastic-
ity as 6.2 kPa and was robust as catchable with tweezers. The actin gel could also 
show a rapid self-repair against solation by mechanical stress and an autonomous 
oscillating nature in its elasticity, which are reminiscent of the dynamic behavior of 
living cells. Such an oscillation was observed only in the actin gel but not in the MT 
gel. This might be indicating that actin is more proper to work in a network structure 
as seen in living cells compared to MTs which are rather radially aligned in vivo. 
However, we think that MT still has enough potential to show an oscillating behav-
ior of network in the artifi cial system with an appropriate confi guration, since MT 
originally has oscillating nature in elongation/shrink property, which is named as 
dynamic instability. 

 To realize the dynamic properties of MHSMG in macroscopic scale, the nano-
metric features of unit molecules should be integrated and synchronized though a 
hierarchical structure. In MHSMG, cytoskeletal proteins that have hierarchical 
structure in themselves are further built up to the higher order. Accomplishment of 
such a highly hierarchical structure should play a pivotal role to cause the emergent 
functions which are realized even by the simple cross-linking without specifi c order 
control of the components.   
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