
Powering an Inorganic Nanodevice with a Biomolecular 
Motor

by Ricky K. Soong, George D. Bachand, Hercules P. Neves, Anatoli G. Olkhovets, 
Harold G. Craighead, and Carlo D. Montemagno

Science
Volume 290(5496):1555-1558

November 24, 2000

Published by AAAS



ATP synthase is an enzyme that creates the energy storage molecule 
adenosine triphosphate (ATP). ATP is the most commonly used "energy 
currency" of cells for most organisms. It is formed from adenosine diphosphate 
(ADP) and inorganic phosphate (Pi). The overall reaction catalyzed by ATP 
synthase is:

ADP + Pi + H+out ⇌ATP + H2O + H+in
The formation of ATP from ADP and Pi is energetically unfavorable and would 
normally proceed in the reverse direction. In order to drive this reaction 
forward, ATPase couples ATP synthesis during cellular respiration to an 
electrochemical gradient created by the difference in proton (H+) concentration 
across the mitochondrial membrane in eukaryotes or the plasma membrane in 
bacteria. During photosynthesis in plants, ATP is synthesized by ATPase using a 
proton gradient created in the thylakoid lumen through the thylakoid membrane 
and into the chloroplast stroma.

ATP synthase consists of two main subunits, FO and F1, which has a rotational 
motor mechanism allowing for ATP production. Because of its rotating 
subunit ATP Synthase is a molecular machine.



Figure 1 Schematic diagram of the F1-ATPase biomolecular motor–powered nanomechanical 
device. 
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Figure 2 Image sequence (viewed left to right) of nanopropellers being rotated anticlockwise at 
8.3 rps (A) and 7.7 rps (B) by the F1-ATPase biomolecular motor. 
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Figure 3 Time course of F1-ATPase γ subunit rotation. 
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Positive Photoresist
A positive resist is a type of photoresist in which the 
portion of the photoresist that is exposed to light 
becomes soluble to the photoresist developer. The 
unexposed portion of the photoresist remains 
insoluble to the photoresist developer.
Negative Photoresist
A negative photoresist is a type of photoresist in 
which the portion of the photoresist that is exposed to 
light becomes insoluble to the photoresist developer. 
The unexposed portion of the photoresist is dissolved 
by the photoresist developer.
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PMMA è un photoresist positivo
Il fascio elettronico rompe localmente il PMMA, rendendolo solubile in MIBK:IP (che non scioglie il PMMA)
Acetone e cloruro di metilene sciolgono il PMMA.
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