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Functions of Biomolecules

Energy production

OxPhos

Photosynthesis

Sensory Systems

Light 

Sound

Pressure

Taste

The immune system

Who is who?

Molecular Motors





Energy production

 Electron transport chain and oxidative 

phosphorylation

 Photosynthesis 

 Key concepts

 Controlled oxidation

 Proton gradient

 Mechanical to chemical energy conversion

 Charge separation















Potential and free energy

 DG = RT ln[K]

 Emv = (RT/zF) ln [K]

 R gas constant

 T temp

 Z charge

 F Farady’s constant

 K is the equilibrium constant or concentration 

difference









































Example: Protein Based 

Memory Device

Birge  1995 issue of Scientific American

Chen, Z., D. Govender, et al. (1995). "." Biosystems 35(2-3): 145-51.



Quantum dot storage array

http://www.nature.com/nmat/journal/v1/n4/pdf/nmat775.pdf

HSP60



Sensory systems

 Key concepts

 Biomolecules are capable of remarkable 

sensitivity to light, sounds, pressure, and small 

molecules (Smell and Taste).

 Information transfer via change in concentration 

gradients, conformational changes, 

phosphorylation etc.

 Sensory systems usually membrane bound.



Responding to light and taste



7tm(transmembrane) receptors



Photoisomerization



100x

1000x

1x



Sounds



Hair cells.

500nm





Holes in membranes



Pressure and temperature

Capsaicin receptor (TRP channel)



Mechanosensitive channel



Molecular motors

 Key concepts

 NTP proteins (use ATP)

 Kinesin and Dynein use Microtubule (polymer)

 Mysosin along Actin (polymer)

 Forces on the order of piconewtons.



Motion in the cell



Mysosin



The steps of kinesin



~100ATP/s and 8nm/ATP = ~800nm/s



Bacterial motility



Endocytosis



Nanomolecular spring



Example: Microtubules in Tracks

Hiratsuka et al., Biophysical J., 1555 (2001)



Who’s who



Key concepts

 Antibodies are highly diverse in specificity

 Can be raised against small molecules, 

biomolecules, inorganics etc.

 Relatively stable and easy to mass produce

 Multifunctional (self assembly)







With 150 V genes, 5 J genes and up to 10 possible 

ways of joining VJ genes together, the total number of 

(kappa) light chains possible is 7500.

With 80 V genes, 50 D genes, 6 J genes and up to 

100 different ways of productively joining V-D and D-

J, there are 2.4 million possible heavy chains.

So 7500 x 2.4 million or 18 billion different 

antibodies possible

Directed Mutagenesis
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