CHAPTER 25: CELLULAR RESPIRATION / METABOLISM
· Cellular respiration converts the energy stored in food to energy stored in ATP.

· Cellular Respiration is an aerobic process.

· During Cellular Respiration, a cell exchanges 2 gases with its surroundings.
Cellular Respiratory equation:

C6H12O6 + 6O2 = 6CO2 + 6H2O + about 38 ATP

NOTE: Cellular Respiration transfers hydrogen + carbon atoms from glucose to oxygen to form water + CO2

The reason for this is because oxygen is an electron grabber. It attracts electrons very strongly. Sugar molecule has several carbon-hydrogen bonds (Carbon + Hydrogen bonds have less pull on electrons). So, Carbon Hydrogen Bonds are replaced by C-O + H-O bonds. As electrons fall toward oxygen energy is released.

3 Main Stages Of Cellular Respiration:

1. Glycolysis

2. Krebs Cycle

3. Electron Transport + ATP Synthase

Stage 1: Glycolysis
· Takes place outside the mitochondria in the cytoplasm of the cell.

· Cell splits a 6-carbon glucose in half. The result is 2, 3-carbon molecules 
each with one phosphate group.

· Each 3-carbon molecule transfers electrons and hydrogen to carrier 
molecule called NAD+. Converts NAD+ to NADH [NAD+ is 
Nicotinamide adenine dinucleotide--------------------it is a coenzyme that is 
found in all living cells.  It carries electrons it gets converted from NAD+ 
to NADH (accepts electron = reduced)]
· Summary: Original Glucose molecule is converted to 2 molecules of Pyruvic Acid. 
2 ATP have been spent, 4 ATP have been produced.

Stage 2: The Krebs cycle

*Remember: Glycolysis produces 2 Pyruvic acid molecules, but they do not take part in Krebs cycle. Instead they diffuse into mitochondria, each 3 carbon Pyruvic acid loses CO2. The resulting molecule is then converted to a 2-carbon compound called Acetyl Coenzyme A (this goes to Krebs cycle)

Krebs Cycle:

· Acetyl COA joins a 4-carbon acceptor molecule.

· The reaction in this cycle produces:
2 more CO2 molecules/1 ATP molecule (per Acetyl CoA molecule)
NOTE: Each Pyruvic Acid molecule is converted to one Acetyl CoA molecule.

· Since, each turn of Krebs cycle breaks down one Acetyl CoA molecule(cycle turns twice. (So, produces total of 4 CO2 + 2ATP)

Stage 3: Electron Transport Chain and ATP Synthase Action:

· The final stages of cellular respiration occurs in the inner membrane of mitochondria.

· 1st, the carrier molecule NADH transfers electrons from original glucose molecule to electron transport chain. Remember, electrons move from carrier to carrier with in the inner membrane of mitochondria eventually pulled to O2 at end of chain.
· Now, O2 and electrons combine with Hydrogen ions forming H2O.

· Each transfer in chain releases energy. This energy is used to pump H+ across membrane.

· Mitochondria have protein structures called ATP synthase. The hydrogen ions pumped by electron transport chain rush back “downhill” through ATP synthase. The ATP synthase uses energy from flow H+ ions to convert ADP(ATP

· This process can generate up to 34 ATP molecules per original glucose molecule.

Steps:

1. NADH transfers electrons from sugar to electron transport chain.

2. Electron transport chain releases energy that is used to pump H+ ions across inner membrane.

3. Oxygen combines with electrons and H+ ions, forming water.

4. The H+ ions flow back through an ATP synthase, causing it to spin.

5. The ATP synthase generates ATP from ADP.

Adding up the ATP molecules:
· Glycolysis Produces: 4 ATP molecules, remember it uses 2 ATP initially, Net gains 2 ATP.

· Krebs cycle produces: 2 ATP (one for each 3 carbon pyruvic acid molecules)

· ATP synthase produces: 34 ATP

*NOTE: most ATP production occurs after glycolysis and requires O2. Without O2, most of your cells would be unable to produce much ATP and cannot survive for long without fresh supply O2.

Ferentation:
· When sprint lungs can’t supply enough O2 to meet your muscles need for ATP. So muscles cells use another process called Fermentation (makes ATP without O2). It makes ATP entirely from Glycolysis (1st stage of cellular respiration)

NOTE: Glycolysis does not use O2

· So fermentation produces a Net gain of 2 ATP, it is enough for short bursts of activity-such as a sprint to catch a bus. It also produces a waste product called: Lactic Acid. This temperory buildup in muscle cells contribute to feeling of fatigue.

· After body consumes O2(Breathe heavily) =converts Lactic Acid to Pyruvic Acid.

Fermentation in microorganisms:
· Yeast, when kept is anaerobic environment; they are forced to ferment sugar. As a result produce alcohol as waste product. Also releases CO2 (this is what makes beer bubbly)

· Some fungi and bacteria( Produce Lactic Acid during Fermentation. Used to transform milk into cheese and yogurt (sharpness or Sour flavor of yogurt and cheese due to Lactic Acid).

