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2. Noncyclic Electron Flow 
Photosynthesis starts when;

· a photon strikes PS II & excites a chl. P680 electron (e)
· The excited e is captured by primary e acceptor (PHEOPHYTIN) & through a series of redox reactions is transferred to PLASTOQUINONE PQ (electron carrier)
· A “water splitting enzyme” associated with PS II, splits water into O2, H+, e.  One of the e is used to replace the missing e in chl. P680.

· O2 leaves the cell & H+ remain in the thylakoid space

· From PQ, the energized electrons are transferred, one by one, along the electron transport system (similar to ETC in cellular respiration).  With each transfer of electrons, a small amount of energy is released, which is used by b6-f complex to pump H+ from stroma into thylakoid space.

· H+ concentration gradient across thylakoid membrane

· e then transferred to plastocyanin Pc (electron carrier), and eventually replacing an e lost by PS I when a photon hit it.

· e from PS I is transferred to FERREDOXIN (Fd), then to the Ez NADP reductase, which uses the e and H+ ions from stroma to reduce NADP+ to NADPH.

(Non-Cyclic:  once an e is lost by a reaction centre chl. molecule within a PS, it does not return to that system, but instead it ends up in NADPH.

Non-Cyclic electron flow will eventually generate 1 NADPH and ~1 ATP.  However the light-independent reactions require 3 ATP to 2 NADPH.  Therefore:
(Cyclic Electron Flow:  uses PSI only.  Photon ejects electron from PSI  (P700).  Electron passed to Fd( goes through b6-f complex and back to PS1 (P700).  Therefore generation of proton gradient for ATP synthesis, but NOT NADPH.
3. Chemiosmosis
· Embedded in the thylakoid membrane is the enzyme ATP synthase.  H+ can only go through this enzyme to move down the concentration gradient.  

· Protons in the thylakoid lumen form an electrochemical gradient that drives phosphorylation of ADP to ATP as H+ move through ATP synthase.  PHOTOPHOSPHORYLATION   4 H+/ATP.

· 2 e are required to reduce NADP+ to NADPH, therefore the entire process occurs two times for each NADPH reduced.

· 4 H+’s are translocated for each pair of e that pass through the e chain.
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Read p163 & 164 #1,2
