AP Biology

 Cellular Respiration – Part 1

(Associated Learning Objectives: 1.15, 1.16, 2.2, 2.4, 2.5, 2.13, 2.14, 2.22, 4.1, 4.4, 4.17)
Important Content from previous topics:

1) The electron transport chain is a series of redox reactions, occurring on a membrane, intended to create a concentration gradient and there in a source of potential energy.
2) Redox reactions are just the transferring of electrons from one molecule to another molecule.

3) Carbohydrates, sugar, are primary energy molecules made in photosynthesis. G3P is half of a sugar glucose molecule.
I. Cellular Respiration

A. This is the process of releasing energy contained in organic molecules (mainly sugar) to do work. (This is an example of catabolism.)

1. The process is for making ATP using oxygen, if available.
2. The process releases heat (Remember, heat is low quality energy) and free electrons. (Remember that electrons are a source of Kinetic Energy.)
B. With O2 present in the cell – Cellular Respiration can occur in the mitochondria.
C. Without O2 present in the cell – Fermentation will occur in the cytoplasm of the cell.
D. 6 02 + C6H12O6 ( 6 CO2 + 6 H2O + Free E + Heat E
1. ∆G = -686 k/cal per mol Glucose (A negative ∆ G means Free E is available, from breaking down glucose, to do work. In this case, the work is making ATP by phosphorylation.)
a. The Free E is used to make ATP from ADP by phosphorylation.
II. Redox Reactions (This is the transfer of electrons.) Electron can be represented by the symbol e-.
A. Oxidation (loss of electrons)

B. Reduction (gaining of electrons)

These two are processes. “tion” means “process”
C. Reducing Agent (electron seller)

D. Oxidation Agent (Buyer for electrons)
These two refer to actual molecules or elements.

*Always together (The Law of Conservation of Matter)

III. Electronegativity

A. Think of this as the desire to acquire electrons. Look at a molecules valence shell.
B. Oxygen—Has the most desire; Hydrogen—Has the least desire. (It wants to get rid of its one electron.)
C. Electron Transport Chain is a series of “transferring of electrons” or Redox reactions. Just look at the name. We are moving electrons from one molecule to the next. So one is receiving electrons (called reduction) and one is losing them (called oxidation) all the way down the line.
1. Free E is released from each transfer between the molecules in the chain.
2. NAD+ and FAD+ (These are electron carriers. They take the released electrons, from the breakdown of organic molecules, to the chain for release into the chain.)

a. Oxidizing Agents (These carriers are accepting 2 e-, so they are Oxidizing agents.)
b. NADH or FADH2 (The 2 negative electrons combine with the carrier. The first negative electron cancels the carriers positive charge. The second negative electron makes the carrier negative. This causes a positive H+ ion to attach to become NADH or FADH2.)
i. 2 e – are carried at a time to the chain.
3. The Electron Transport Chain is ALWAYS in a membrane.
a. For Bacteria- It is the plasma membrane.
b. For Eukaryotes – It is the Mitochondrial inner membrane or Thylakoid membrane.
4. The WHOLE process is a controlled release of energy.
5. Oxygen is at end of the chain to receive the two electrons. (Remember Oxygen is the most Electronegative element in living organsisms. The Oxygen takes the 2 negative electrons from the chain. This gives it a negative 2 charge, so two positive H+ ions attach to make water.

a. Forming water keeps the chain open so that we can keep feeding it electrons at the top. If the chain stops, we lose the ability to make energy. (This is what Cyanide does! It prevents oxygen from taking the electrons out of the chain, so it backs up and quits working.)
IV. Cellular Respiration is a Three Step Process:
A. Step 1: Glycolysis - This is the breaking of Glucose into 2 molecules of G3P. All organisms can do this process as it occurs in the cytoplasm of a cell.)
B. Step 2: Kreb’s Cycle (This is all about making electron carriers in the continued breakdown.)

C. Step 3: e- Transport Chain - This is where the Free E of the electrons is used to help make ATP.)

1. This is referred to as Oxidative Phosphorylation (makes 90% of ATP) because it will need oxygen to be present.
D. Substrate-Level Phosphorylation (makes 10% of ATP) uses another  SUBSTance to help make 
ATP.
E. The whole process yields a maximum of 38 ATP/ 95% of time only 36 produced though.
V. The Process of Glycolysis (Breaking of Glucose)
A. In this process, Glucose (C6 H12 O6 ) will be broken apart into 2 molecules of G3P. Each molecule of G3P will then be converted to a molecule of Pyruvate. At the end of the process, the cell will have 2 molecules of Pyruvate that can be put into the mitochondria, if oxygen is present and it is a Eukaryotic Cell.

1. Glucose is said to be oxidized, as it is losing electrons in the breakdown.
B. There are two parts to Glycolysis:

1. E Investment Phase 


a. Glucose is broken into 2 molecules of G3P.


b. To break it in half requires 2 ATP be used. (One phosphate is put on EACH side of 

                         the Glucose molecule. This makes it unstable and Glucose breaks in half to make 2 

                         G3P molecules.) (The enzyme, Phosphofructokinase, puts the SECOND phosphate on

                         the Glucose molecule; it is the  “ON/OFF Switch” for the WHOLE process. If it does

                         NOT put the second phosphate on the Glucose molecule, the Glucose WILL NOT

                         break in half.)

2. E Payoff Phase 


a. The 2 molecules of G3P will then be converted to 2 molecules of Pyruvate.

 
b. This phase will yield 4 ATP + 2 NADH total.(2 ATP and 1 NADH per molecule.) The

                          cell pays back  the two it used for the first part. This leaves the cell with a payoff
                          of two ATP. (What we refer to as NET Gain.)
C. Remember this process occurs with or without O2 present in the cell. 


        D. ALL organisms can do it as it occurs in the cytoplasm of a cell. Therefore, this process must have 

                           been one of the earliest processes to evolve within organisms to harvest energy from molecules 

                           present within the earth’s earliest environments. Even before free oxygen was present in the 

                           atmosphere.
