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微小機械與細胞



Virus---self replicated particles (machine)

(奈米獵殺)

Virus: proteins plus nucleic acids (DNA or RNA)

The self replicated nanomachine



The man who dare to think small

Small is beautiful !



徐志摩 (1897-1931)

Large is beautiful !





奈米馬達的最適材料可能
是蛋白質 (protein)

WHY?



Molecular Motors

linear motion motor 

Rotatory motion motor 

All this molecular motor in the cell are protein molecules

What is the energy source?

Chemical energy convert to mechanical energy



Linear molecular motors: 

track dependent

Actin track

Microtubule track

DNA or RNA track



Figure (a) Structure of skeletal muscle. Muscle fibers consist of single, 

elongated, multinucleated cells that arise from the fusion of many 

precursor cells.  



Figure  (b)、(c) Structure of skeletal muscle. 



Figure 7-32 (a) Muscle contraction.



Figure (b) The major components of muscle. F- actin.

The art of protein biochemistry is to isolate the proteins 

from “observation” tissues or cells.



Figure (a) The major components of muscle. thick 

filament

Thick filament: 

assembly from 

myosin



Figure (a) Myosin. Two heavy chain.



Figure (c) Myosin. Ribbon representation of the 

myosin S1 fragment.

Myosin



Kinesin/dynein



Figure : Kinesin and cytoplasmic dynein are ATP-driven molecular 

motors that can attach to cytoplasmic organelles or vesicles and drag 

along microtubular “rails” at a rate of about 1 um/s.











Bacterial flagella: a rotatory motor



The ATP synthase



The Eukaryotic cell

(Campbell Biology, 6th edition)





F1 and Fo Proteins in Mitochondria

 Early studies were done with submitochondrial particles

(SMP, inside-out vesicles)

 They synthesize ATP in the presence of respiratory 

substrates, or hydrolyze ATP in the absence of 

substrates

 Both respiration and ATP hydrolysis generate a ∆p in the 

lumen  ATP synthesis/ hydrolysis is tightly coupled 

with ∆p 

 ATP synthase can be visualized under EM in negatively 

stained SMP (with phosphotungstate)



 Negatively stained SMP, 

with knobs facing outside

 Tightly coupled and 

sensitive to oligomycin

 Wash with urea/chelating 

agents, knobs were lost

 SMP became uncoupled, 

that is inhibited by 

oligomycin

 The H+ channel was 

termed Fo (fraction 

oligomycin)

knobs



Fo– hydrophobic, 

forming H+ channel 

and coupling H+ to 

ATP synthesis

F1 – hydrophilic, site 

of ATP synthesis

8nm

10nm



 ATPase activity was 

isolated, and not inhibited 

by oligomycin (termed F1, 

fraction 1)

 After reconstitution, 

coupling was back

 F1 acts as a plug on F0



The assembly of Fo and F1



yeast spinach llyobacter



F0 motor

• The F0 motor is 

made up of a 

transmembrane 

cylinder of 10–14 

c subunits, 

depending on the 

species



E.Coli ATP synthase

c,  and  are rotor, a, b, ,  and  are stator 



Visualize the rotation

 A 33 complex from bacteria

 N terminus of  had 
polyhistidine tag attached, 
which enabled the anchoring 
of the complex to microscopic 
slide coated with Ni ions

 All the naturally occurring 
cysteine residues were 
removed, and insert one in  at 
a position distant from the 
core

 A long and fluorescent labeled 
actin filament was attached to 
the single introduced cystein







How to prepare your 

nano-materials?

1. Protein molecules by 

genetic engineering

2. Nano propeller by 

nanofibricated technology

How to assemble these materials?



Recombinant protein 

production 

Genetic engineering



基因工程(Genetic Engineering)







Science, VOL.311, 2006, P. 1232-1234



比利時藍牛 (Belgian blue)



Mutation in Myostadin













基因: 染色體上的雙股DNA

的排列順序

…..ATGCCGTA……

…..TACGGCAT……
BED

BAD

BAT

字母

單字



圖二 生命科學中定理與密碼表

DNA          RNA                 Protein

1.複製

2.轉錄

3.以密碼表轉譯
4.反轉錄













圖三:表現載體 (expression vector)
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Cloning the ATPase from 

thermophilic Bacillus



Protein analysis by SDS-PAGE



Nanofibricated technology



The assembly of protein and 

nano-inorganic element







Biotin

www.nanofunction.org/nano_single_mol.htm

http://www.nanofunction.org/nano_single_mol.htm


The observation of nanomotor work







Thanks for your patient



謝謝指教


