Paper on self-oscillating biomimetic gels


How do you indefinitely run a biomachine?

Biomachines can be powered by existing biochemical reactions.  This biomimetic gel uses Adenosine TriPhosphate(ATP) to fuel its reactions identical to what natural muscles use as an energy source.  During ATP’s spontaneous decomposition to ADP a spontaneous oscillation of the Ca2+ occurs.  These oscillating Ca2+  concentrations are used for oscillating the biomimetic gel.  


What is the purpose of this experiment?

To create a biomimetic gel that is self oscillating under biological conditions and can use biological chemical reactions to power its motion.  If perfected such gells could be used to replace biological autonomic functions such as the heart, brainwaves, digestion, etc. 


What part does calcium play in this process?

As ATP decomposes to ADP the chemical energy release allows for Ca2+ migration and resulting oscillation of calcium concentrations.  Ca2+ disassociates from the substrate of the polymer when the Ca2+ concentration decreases allowing hydrophilic MEP to take over and absorb H2O, expanding the polymer size.   As Ca2+   returns to the polymer lattice it bonds to the polymer bidentate ligand directly attached to two PO3OH groups bonded to the polymer substrate.  This bonding forces the polymer chains closer together creating a cross link in the polymer chain and contracting the entire polymer matrix.  

Biomimetic Fabrication of Nanoengineered Hydroxyapatite/Polyelectrolyte Composite Shell


What is the purpose of using polyelectrolyte capsule assisted reactions?

These nanocapsules allow for highly controlled chemical reactions.  Use of these nanreactors also allows for different chemical properties of the synthesized material such as crystallinity, surface morphology, and particle size compared to common methods of synthesis in solution.  Furthermore the walls of the nanoreactors are porous and while the larger molecules such as the hydroxyapatite being constructed inside cannot escape, smaller molecules such as OH-, PO43- and Ca2+ needed for the chemical synthesis can be added to the microcapsule at any time by diffusing through the porous walls.    

Why is there a need for different chemical properties created by synthesis in polyelectrolyte capsules?

Different surface and chemical properties can open up a wide range of possible applications for the substance.  For instance apatite materials are heavily influenced by their size, morphology, crystalinity, and water content.  Such properties could have a massive effect on the strength of artificial bones, and teeth, as well as play a role in the rejection or acceptance by the body.  Greater control over the chemical synthesis would also allow for more specific duplication of existing bone to help with integration into the body.  


How large are the polyelectrolyte capsules?

When first synthesized the nanocapsules are 3.6 µm, however both the size and the morphology of the particles drastically depends on the amount of synthesized hydroxyapatite or other particle inside.  Experimenters found that when the capsule contained 10 pg of hydroxyapatite were shrunken to 1.8 µm whereas 20 pg inside caused swelling to the original size.  


Can we eat scrambled “nanoeggs”?

No, because they are “nano”.

