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We use energy.  Although we generally rely on the oxidative phosphorylation of compounds 
(adenosine tri-phosphate) coupled to reactions to drive cellular processes, we are at the top of 
the food chain.  All the energy we use originally came from the sun, transferred to bacteria and 
plants by way of photosynthesis.  Photosynthesis is a complex process of light driven electron 
transfer that I’ll summarize very briefly here. 
 

 
 
Light (hv) enters the reaction center (P870), hits a one of a special pair of bacteriochlorophyll 
(BChl) which get excited and shoot off an electron.  The light is absorbed by a Mg center 
surrounded by an alternating double-bond structure of the protoporphyrin ring which gives up 
the electron. This electron gets rapidly passed through neighboring chlorophylls, to a reaction 
center’s pheophytin to a tightly bound quinone (Qa) and then to a loosely bound quinone (Qb). 
Two electron transfers to Qb in addition to 2 H+ from the cytoplasm reduces it to QbH2, which is 
free to diffuse through the membrane to cytochrome bc1.  Electrons from the quinone are given 
to the cytochrome and the protons released into the periplasm, across the cell membrane.  The 
soluble cytochrome c2 diffuses back towards the electron depleted reaction center and returns 
the electrons.  More detailed structures are in the reader and in p.701.   
 
Light harvesting complex 
 
The direction of transfer of the electrons 
from BChl to neighboring chlorophylls is 
random.  Many light harvesting complexes 
with just chlorophylls surround a small 
number of larger LHs with a reaction center.  
The electron bounces around until it hits one 
of these larger LHs that can do something 
useful with the electron. http://www-
biology.ucsd.edu/classes/bibc100.FA02/pdf/
Jenn-Handout-7.pdf for more detail.   
(Jennifer’s Handout 7.) 



Molecular Dynamics 
 
Atoms are always in motion, whether by themselves or within a molecule.  They vibrate due to 
thermal energy.  However, there are only a few directions a molecule can vibrate.  Bond length 
can stretch and contract, bond angles can open and close, and groups can spin around a bond 
(torsion).  The total number of ways a molecule can vibrate is its degrees of freedom.

 
 
How many degrees of freedom are in this molecule? 
Degrees of freedom are classified as hard if there are strict constraints on motion, soft if weakly 
constrained 
 Hard Examples : bond length, bond angle, sterically hindered torsion angles. 
 Soft Examples : freely rotating torsion angles (Glycine when not hindered by neighbors)
Folding converts many soft degrees of freedom to hard ones due to H-bonding and Van der 
Walls forces.  This thermal wiggling takes place at time scales much faster than ligand binding 
or unbinding and ion flux through channels.  At any given instant, there may not be a clear 
passage through a channel or into a binding pocket, but with enough time and wiggling, 
eventually an ion can pass a channel, or an oxygen can sneak into the binding site of 
hemoglobin, et cetera. 
 
Gramicidin A 
 
Gramicidin is an antibiotic, 15 AA peptide of alternating L and D-amino acids.  This makes it 
form a wide B-helix structure with all the side groups sticking out.  Covalent modification of its 
N and C terminal has removed the charged groups allowing it to stick into the membrane.  It can 
dimerize at the N-terminal and form a membrane spanning channel selective to positive 
monovalent cations.  Following channel formation, it induces cells to swell with Na+ and lyse.  
Ions pass in a flux coupled state: Dehydrated ion flanked by water molecules.   
 

 



Protein Folding 
 
The creation of a natively folded protein from the amino acid sequence is a cooperative multistep 
process.  They do not explore all possible folds, but follow a semi-random folding pathway.   

 

 
 


