Photosynthesis
· 6CO2 + 12 H2O + light ( Chlorophyll + C6H12O2 + 6O2 + 6H2O

=> 6CO2 + 6H2O + light ( C6H12O2 + 6O2
· Reduction: 6CO2 ( C6H12O2; Oxidation: 6H2O ( 6O2
· 1930s CB VanNeil: studied sulfar bacteria:

· CO2 + S2O + light ( CH2O + H2O + S2 => Chloroplasts’ water ( Oxygen

· Hill: used chloroplast to show O2 come from H2O in light reaction

· Others: use tracer (radioactive isotope) to study O2 (O-18)

· CO2 + H2O + light ( CH2O + O2 + H2O ( 2 experiments w/ O 18

· Chloroplast: Stroma (fluid: dark), Thylakoid (membrane: ETS), Grana (stacks o thylakoid)

· Regardez page 54 dans Cliff’s
I. Light Reaction

· 12H2O + 12 NADP+ + 18 ADP + 18Pi  ( 6O2 + 12NADPH + 18 ATP

· Where: in chloroplast in thylakoid member (ETS)

· Need: light, NADP+; 
Product: ATP, O2, NADPH

· Types: a: CH3 (P700, P680); b: CHO; Carotenoids

Non Cyclic
· H2O + light ( 2e- + H+ + H+ + O2( PS II ( ETS
· 2e- ( PS II + light –2e-( 1st e- acceptor (primary) –2e-( plastoquinine –2e-(cytochrome complex –2e-(phtotcynanine –2e-(PSI
· PS I + light –2e-( 1st e- acceptor (primary) –2e-( Fermentation –2e-(NADP Reduction
· 





-----------  NADP ( NADPH ------------
=> ATP/NADPH: go to stroma for dark rxn

Cyclic (Photophosphorylation): produce only ATP, involve only PS I, in all photosyn. org.

· Phtotphosphorylation: energy come from light

· PS I + light –2e-( 1st e- acceptor (primary) –2e-( fermentation –2e-( cytochrome complex –2e-( ATP & –2e-( plastocyanine –2e-( PSI …

· Chemiosmosis: as e- pass through ETS, H+ pumped into thylakoid => concentration gradient
=> H+ diffuse through ATP Synthase => ATP 

II. Dark Reaction: Calvin Cycle, C3 Pathway
· 6CO2 + 18ATP + 12NADPH + H+ ( 18ADP + 18 Pi + 12NADP​+ + 1 glucose

· Where: stroma; 
Need: CO2, ATP, NADPH; 
Product: Sugar (3C), ADP, NADP

1. Carboxylation: 6CO2 + 6RuBP ( 12PGA: enzyme rubisco catalyes rxn (PGA = 3C)

2. Reduction: 12 ATP + 12 NADPH used to 12 PGA ( 12 PGAL

· PGAL is very energized; ADP, Pi, NADP+ released into the noncyclic photophosphorylation

3. Regeneration: 6 ATP used to 10 PGAL ( 6 RuBP 

4. Carbohydrate Synthesis: remaining 2 PGAL build glucose, fructose, or maltose, etc.

· Remember: reaction occur spontaneously, some reactions have coenzyme/metal-ion cofactors

III. Problems

Photorespiration
· Hot & dry => closed stomata (no water loss) => Oxygen build up 

=> Rubisco: most abundant problem BUT also fix O2=>

1. CO2 Fixation goes down 

2. fixed O2 doesn’t produce useful ATP, sugar (peroxisomes needed to break it down)

· early plants not in O2 rich environ., maybe that’s why

III. C4 Photosynthesis: Hatch-slack pathway; sugar cane, corn, crabgrass

· Mesophyll: PEP Carb. fix CO2 ( 4C (OAA) go to Bundle Sheath via Malate: Calvin Cycle 

· Go to Mesophyll via Pyruvate –(ATP(AMP)( PEP Carboxylase …

· Use PEP Carboxylase instead o rubisco 

· Why: bundle sheath cell rarely make contact w/ O2
· FX: high rate o photosyn => stomata can be closed (good for desert plant)

· Regardez page 61 dans Cliff’s
IV. CAM Photosynthesis: crassulacean acid metabolism: cacti, pineapple: succulent plant 

· open stomata @ night & close @ day; Dark rxn in day

· in Mesophyll: same as C4 except Malate is replaced by Malic Acid
· Malic Acid stored in Vacuole (during Night: PEP carboxylase active)

· In Daytime: Malic Acid –(ATP(ADP)( OAA ( CO2 (( Calvin Cycle) & PEP …
· Advantage: greatly reduce H2O loss => hot, dry & cool night (desert)
(for Chemiososis: Regardez page 58 dans Cliff’s)
