PLANT BIOLOGY

7. Respiration
A. Respiration of Glucose
C6H12O6  +  6O2    (  6CO2 + 6H2O + 686 kcal 
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B. Definition of Respiration
· A series of chemical reactions that produce chemical energy (ATP) from an organic substrate (glucose).

· “fuel” molecule (usually glucose) is broken down into simpler molecules.
· energy is released as bonds are broken.
· some of the released energy is “stored” in new bonds (especially ATP).
· Two types:

· Aerobic (with O2), 4 steps:

· Glycolysis.
· Krebs cycle.
· Electron transport chain.
· Oxidative phosphorylation.
· Anaerobic (without O2), 2 steps:
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Glycolysis. 1Glucose
   2 pyruvate+2ATP
· Fermentation. Pyruvate      Ethanol+CO2 or lactet. 
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c. ATP (Adenosine Triphosphate)
· Nucleotide 

· Currency of energy, amount of energy needed for cellular activities (biosynthesis, growth, transport, etc. . .) is expressed in units of ATP.
· Transporter of energy, energy is stored/released as phosphate bonds are broken/formed (ATP (( ADP).
d. glycolysis

“glyco” = “sugar”.
“lyse” = “to split or cleave”.
· Step 1:
· Occurs in cytosol.
· Performed by all living cells, all organisms.
· Does not require O2. 

· Implication:  primitive process (evolutionarily early).
The Reaction:

1 Glucose ( 2 Pyruvate + 2 ATP

6-carbon sugar (    2, 3-carbon molecules + energy

· Step 2:  Krebs Cycle:
· Occurs in mitrochondrial matrix.
· CO2 is produced.
· Carbon substrate (acetyl coA) is oxidized, electrons are      donated to carriers/shuttles.
                 NAD+, FAD + (electrons) ( NADH, FADH2

· Step 3:  Electron Transport:
· Electron shuttles (NADH, FADH2) transfer electrons to membrane complex:  “electron transport chain” (mostly proteins, some w/metal ions).
· Final electon acceptor = Oxygen. 

· Occurs on the inner mitochondrial membrane.
· Energy released from transfer of electrons is used to push protons across the membrane (against a gradient) ( potential energy.
· Step 4:  Oxidative Phosphorylation.
· Electrons from intermembrane space flow through     specialized protein channels back into the matrix (down the gradient).

· Potential energy stored in the form of the proton (chemiosmotic) gradient powers the production of ATP!
e. summary


· Aerobic Respiration, the complete oxidation of glucose, is the principal source of energy in most cells

· There are two principal steps:

· Glycolysis – the breakdown of glucose in the cytosol and formation of some ATP and NADH.
· Kreb’s Cycle – the breakdown of acetyl coenzyme A and the formation of some CO2, further ATP and NADH.
· The next stage is to obtain additional energy from electrons generated when the carbon was oxidized.  This step, oxidative phosphorylation  doubles the amount of ATP generated.

· Anaerobic Respiration or fermentation of the products of glycolysis can take place in the absence or shortage of oxygen. This process generates far less ATP than aerobic respiration but is nevertheless a useful process to humans.
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		Stage

		Location


 

		“Substrate”

		“Product”

 



		Glycolysis 

		Cytosol

		Glucose (6C)

		2 Pyruvate, 2 ATP



		Krebs Cycle 

		 Matrix of mitochondria

		Acetyl CoA (3C)

		CO2, electrons (NADH, FADH2)



		Electron transport  

		Inner mitochondrial membrane

		Electrons from NADH, FADH2; O2

		Proton gradient, H2O



		Oxidative Phosphorylation

		Inner mitochondrial membrane

		Proton gradient

		Lots of ATP!






