
AP* is a trademark of the College Entrance Examination Board. The College Entrance Examination Board was not 
involved in the production of this material. 

Copyright © 2008 Laying the Foundation®, Inc., Dallas, TX.  All rights reserved.  Visit:  www.layingthefoundation.org  
 

 
 
 
 
 

AP* BIOLOGY  
 
 
 

CELLULAR RESPIRATION 
 
 
 
 
 

 

Teacher Packet 
 
 
 



 

AP* is a trademark of the College Entrance Examination Board. The College Entrance Examination Board was not 
involved in the production of this material. 

Copyright © 2008 Laying the Foundation®, Inc., Dallas, TX.  All rights reserved.  Visit:  www.layingthefoundation.org  

Cellular Respiration 

 
Objective 
To review the student on the concepts and processes necessary to successfully answer 
questions over the process of cellular respiration. 
 
Standards 
Cellular Respiration is addressed in the topic outline of the College Board AP Biology 
Course Description Guide as described below. 
 
 
 
 
 
 
 
 
 
AP Biology Exam Connections 
The principles of cellular respiration are tested every year on the multiple choice and 
consistently make up portions the free response section of the exam.  The concepts of 
energy flow/conversion via electrons and the process of chemiosmosis seem to be most 
heavily emphasized.  As with many AP Biology free response, these topics are often 
intertwined with other topics.  One can often find questions relating to chemiosmosis 
tucked into membrane transport and energy questions.  The list below identifies free 
response questions that have been previously asked over cellular respiration.  These 
questions are available from the College Board and can be downloaded free of charge 
from AP Central http://apcentral.collegeboard.com. 
 

 
 

Free Response Questions 
2008 Practice Exam 
Question 3 2008- Questions 2 (d) form b 

2007- Question 2 (b)  
2006- Question 1 (a)  
2005- Question 1 (lab)  

I. Molecules & Cells 
 C. Cellular Energetics 
  Coupled Reactions 
  Cellular Respiration & Fermentation 
  Photosynthesis 
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Cellular Respiration 

 
ATP: ADENOSINE TRIPHOSPHATE 

Why is ATP the “energy currency” of the cell? 
 
Why is ATP so unstable? 
 
If ATP is so unstable, then doesn’t that make it a bad choice for energy storage? 

ATP is “energy currency” of the cell because the PO4 groups carry negative charges. The repulsion between these 
negatively charged components is essentially tearing the molecule apart due to repulsion.  Why rely on such an 
unstable molecule for such a critical function?  Much like cutting the rope during a “tug of war” when both teams 
are exerting maximum effort, breaking the bonds between the last two PO4 groups requires a small energy input 
with a great energy output that can be coupled with an otherwise unfavorable reaction.  ATP ADP +Pi is highly 
exergonic. 
 

Remember that several molecules store energy (lipids, carbohydrates, etc.) but this energy must be converted to 
ATP before it is available to be used by the cell.  ATP is the primary “energy currency” of the cell for the short 
term.  Sugars and lipids are more stable and are thus better for longer term storage as glycogen (carbohydrate in the 
liver), fat, etc.    
 
 

ENERGY & ELECTRONS 
Electrons may be found at different distances from the nucleus in energy 

levels. 
Farther from nucleus = higher energy level = higher amount of energy. 
Energy is released as electrons move down an energy level (and vice versa) 
If electrons are transferred from one substance to another, energy is 

transferred as well.  This is a REDOX reaction (remember OILRIG: Oxidation 
is losing Reduction is gaining). 

The main idea of cellular respiration is that energy found in the 
electrons from the food we eat can be transferred through a series of “step 
down” redox reactions to eventually be used to join ADP +Pi yielding 
ATP. 
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CELLULAR RESPIRATOIN STEP 1: GLYCOLYSIS  
Activation energy input.  The cell uses 2 molecules of ATP as 

activation energy to rearrange the glucose molecule into another 
6-carbon molecule called fructose diphosphate (aka fructose 
bisphosphate) which can be split into two 3-carbon molecules. 
 

Splitting the fructose.  The fructose bisphosphate can be split 
into two 3-carbon molecules of PGAL (G-3-P).  Energy can be 
harvested easily from PGAL. 
 

Harvesting the energy.  The energy is captured:  
 2 molecules of ADP are used to create 2 molecules of ATP. 

This is referred to as substrate level phosphorylation. 
 

 2 more ADP and 2 NAD+ molecules are used to make 2 
molecules of NADH and 2 additional molecules of ATP  

 
 2 pyruvate (pyruvic acid) molecules remain, and these 
pyruvate molecules contain most of the original energy that 
was present in the original glucose molecule.  NOTE:  The 
purpose of aerobic cellular respiration is to harvest as much 
of the energy in the two 3-carbon pyruvate molecules as 
possible. 

 
Summary Glyco- (sugar or glucose); -lysis (break down).  Glycolysis does not require oxygen, it occurs in the 
cytoplasm of the cell, and it is the one metabolic pathway that is found in all living organisms.  Four molecules of 
ATP are produced in glycolysis, but two ATP’s must be used in the activation energy input.  The net yield is only 2 
ATP’s.  If oxygen is not present, anaerobic fermentation reactions allow glycolysis to continue to produce ATP by 
recycling NADH to NAD+ molecules.   
 
 
 

CELLULAR RESPIRATIN STEP 2: OXIDATION OF PYRUVATE 
Prior to entering the Krebs Cycle, each pyruvate molecule moves 
from the cytoplasm of the cell to the matrix of a mitochondrion 
where the pyruvate molecule loses two electrons and a hydrogen to 
NAD to form NADH (electron carrier).  At this point one of the 
carbons has been depleted of any useful energy, and it is removed 
as CO2.  The remaining two carbons form an energy-rich acetyl 
group.  This acetyl group unites with a coenzyme called Coenzyme 
A (CoA) to form acetyl-CoA.  It is actually acetyl-Co-A that enters 
the Krebs Cycle.  
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CELLULAR RESPIRATIN STEP 3: KREBS CYCLE 

As each of the two acetyl-CoA molecules enters the 
Krebs Cycle, it is joined to a 4-carbon molecule 
(oxaloacetate) to form a 6-carbon molecule called citrate 
(citric acid).   
 

The purpose of the Kreb’s Cycle is to remove electrons 
and hydrogen ions from the citrate, joining the electrons 
and hydrogen ions with NAD+ and FAD to form NADH 
and FADH2 (the molecules that carry the electrons to the 
electron transport chain).  
 

Follow the electrons: NAD+ + 2e- + H+  NADH 
 

Note the cyclic nature:  The oxaloacetate must be 
regenerated as the Krebs cycle proceeds.   
 

The waste CO2 is carried via the bloodstream to the 
alveoli of the lungs to be exhaled.  
 

 
Summary  The Krebs cycle takes place in the matrix of the mitochondria and produces 6NADH, 2FADH2, 2ATP, 
and 4CO2 are produced per glucose.  Most of the energy is now contained in the electron carriers NADH and 
FADH2. 
 
 

CELLULAR RESPIRATION STEP 4: ELECTRON TRANSPORT CHAIN 
 

            
This is where most of the ATP production occurs through a stepwise release of energy.  The ETC is located on 

the highly convoluted inner membrane of the mitochondria known as the cristae.  This folding as is often the case in 
biology increases surface area. 
 

Oxidative Phosphorylation: The high-energy electrons from the carrier molecules NADH and FADH2 are 
passed to a series of membrane-bound protein carrier molecules (proton pumps), each transferring energy to pump 
H+ into the inner membrane space before passing the electron to the next carrier.   
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Proton Motive Force (PMF): This increased concentration of H+ ions creates a PMF that pushes the H+ ions 

through the ATP synthase causing it to rotate.   
 

Chemiosmosis: The energy of this rotation is utilized to phosphorylate ADP resulting in 32 ATP molecules per 
glucose.  The production of ATP via ATP synthase and H+ pumps is called chemiosmosis. 
 

Oxygen the final electron acceptor: The spent electrons are removed by oxygen which combines with the 
excess hydrogen ions to form water. 
 
 

So that’s why they call it cellular respiration… 

In cellular respiration, CO2 is produced from the pyruvate and subsequent compounds as the electrons and 
hydrogen ions are stripped away during the capture of energy.  When the energy has been depleted from the carbon, 
the carbon is removed, along with its associated oxygens, and the CO2 diffuses to the outside of the cell where 
concentrations are lower.  From there the carbon dioxide is moved through the tissue fluid and picked up by the 
blood to be released from the body at the lungs.  Oxygen is an electron acceptor and picks up the energy-depleted 
electrons that have traveled down the electron transport systems.  When electrons have no more energy to 
contribute to ATP production, they are combined with oxygen and the excess hydrogen ions to form water as a 
product of aerobic respiration. 
 
 
 

FERMENTATION 
Fermentation is an anaerobic respiration process that recycles NAD+ from the NADH that is produced in 
glycolysis.  The conversion of NADH to NAD+ is critical, as it allows glycolysis to continue to change glucose to 
pyruvate (with a net production of 2 ATP molecules).  Fermentation takes place in the cytosol. 
 
Fermentation occurs in two common forms: 

 Alcoholic Fermentation: Converts pyruvate to carbon dioxide and ethanol    
o Pyruvate + NADH Ethanol + NAD+ + CO2 
o Utilized in yeast and some bacteria.  
o Used in making bread and wine. 

 
 Lactic Acid Fermentation:  Converts pyruvate to lactic acid       

o Pyruvate + NADH Lactic acid + NAD+ + CO2     
o Utilized in animal cells and some bacteria.   
o Strenuous exercise results in muscles using up the oxygen creating an oxygen debt and producing 

lactic acid. The resulting decrease in pH causes fatigue in muscles.  Lactic acid is later converted 
back to pyruvate in the liver as the individual breathes heavily to repay the oxygen debt. 
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ENDOSYMBIOTIC THEORY 

Mitochondria have many characteristics consistent with a bacterium.  The endosymbiotic theory states that 
evolution of mitochondria began with the symbiosis of a bacterium in what has evolved into the modern eukaryotic 
cell.   The following represent the major self explanatory arguments for the endosymbiotic theory. 

Mitochondria can arise from preexisting mitochondria, the nucleus of the cell does not have all necessary genes 
for division. 

Mitochondria have their own genome. 
The genome resembles a circular bacterial genome. 
The genome has no histones (histones are not generally found in bacteria…exceptions may apply it seems). 
Like bacteria, mitochondria use fMet to initiate protein synthesis as opposed to Met in eukaryotes. 
Most antibiotics that interfere with bacterial protein synthesis also interfere with protein synthesis in 

mitochondria 
Inhibitors of eukaryotic protein synthesis pathways have no effect on mitochondrial protein synthesis 
rifampicin (inhibits RNA Polymerase in bacteria) also inhibits in mitochondria while leaving eukaryotic RNA 

Polymerase unaffected 
Note: Endosymbiosis questions are not common.  In fact, it has been asked once in recent history (2006) making 
up 2 pts of a question.  As far as test prep is concerned, this topic is of lesser importance.    
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Multiple Choice 

 
1. The primary purpose of cellular respiration in living organisms is to   

 
  (A) remove excess carbon dioxide from the cells. 
  (B) create water by combining oxygen and hydrogen ions. 
  (C) produce biologically useful energy in the form of ATP. 
  (D) produce molecules that can be used in the electron transport system. 
  (E) create larger complex molecules such as carbohydrates, proteins, and lipids 
    

C ATP is the “energy currency” of cells.  The primary function of cellular respiration is to produce ATP. 
 
2. The reactions in glycolysis occur  

 
(A) on the membranes inside the mitochondria 
(B) in the fluid matrix of the mitochondria 
(C) on the exterior mitochondrial membrane 
(D) on the cell membrane 
(E) in the cytoplasm 
 

E Glycolysis occurs in the cytoplasm.  Glycolysis reactions do not require the mitochondria.  
 

3. The products of glycolysis include two pyruvate molecules and 
 

(A) two molecules of oxygen 
(B) two net molecules of ATP  
(C) one molecule of acetyl-CoA and one hydrogen ion 
(D) one molecule of glucose  
(E) one molecule of NADH and one molecule of FADH2  
 

B Glycolysis utilizes the energy of 2 ATP while synthesizing 4 ATP.  The result is a net of 2 ATP. 
 

4. If oxygen is not present in sufficient quantity, pyruvate molecules are converted into 
 

(A) ethanol or lactic acid  
(B) amino acids or fatty acids  
(C) carbon dioxide and water  
(D) carbon dioxide or oxygen  
(E) acetyl-CoA and citric acid 
 

A Ethanol is produced in yeast and some bacteria during anaerobic fermentation.  Animals produce lactic 
acid. 
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5. Prior to entering the Krebs Cycle, each pyruvate molecule loses electrons, hydrogen ions, and a carbon, forming 

an energy-rich molecule of 
 

(A) NAD+  
(B) NADH  
(C) FADH2 
(D) acetyl-CoA  
(E) carbon dioxide 
 

D Pyruvate is oxidized and acetyl Co-A is sent in to the Krebs cycle. 
 

6. The NADH and FADH2 that are formed in the Krebs Cycle primarily function to  
 

(A) remove the waste product CO2 from the system 
(B) facilitate the production of water by combining hydrogen ions with oxygen 
(C) catalyze the production of ATP from ADP 
(D) provide the energy to synthesize acetyl-CoA 
(E) transfer electrons to the electron transport system 
 

E Electrons carried by NADH and FADH2 will act to power the ETS/ETC. 
 

7. The inner folded membrane of the mitochondria serves primarily to  
 

(A) separate the many reactions that occur in the organelle 
(B) provide increased surface area for the molecules and reactions of the electron transport system  
(C) provide a surface for the reaction that unites acetyl with Coenzyme A  
(D) compartmentalize the diffusing waste products from the cellular respiration reactions 
(E) produce enzymes that facilitate the splitting of water for oxygen release 
 

B The ETS and ATP synthase are located on the inner folded membrane of the mitochondria (cristae).  
Folds increase surface so that the same amount of space can contain more of these proteins. 

 
8. When human muscles are exercised and oxygen is depleted, the muscles can continue to produce energy by  

 
(A) taking oxygen from other cells and continuing aerobic respiration  
(B) breaking down fatty acids 
(C) increasing the speed of the reactions in the Krebs Cycle 
(D) increasing supplies of glycogen and other carbohydrate-rich compounds  
(E) using fermentation reactions to facilitate glycolysis 
 

E When oxygen delivery to the ETS/ETC is insufficient due to high demand, the cells will regenerate 
NAD+ by producing lactic acid and net 2 ATP via fermentation reactions.  
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9. After the Krebs Cycle only a small portion of the energy of glucose has been converted to ATP.  At this point 

the majority of usable energy is contained in 
 

(A) NADH and FADH2  
(B) pyruvate  
(C) acetyl-CoA 
(D) carbon dioxide  
(E) citric acid 
 

A Electrons in NADH and FADH2 will eventually provide energy to the ETC producing the majority of 
the ATP produced in cellular respiration.  The primary function of the Krebs cycle is “load up” these 
electron carriers with electrons. 

 
10. The terminal electron acceptor in mitochondrial respiration is 

   
(A) hydrogen 
(B) NADH 
(C) pyruvate  
(D) oxygen  
(E) carbon dioxide 
 

D Due in part to its high electron affinity, O2 is the final electron acceptor. 
 

11. Fermentation reactions contribute to the continued production of ATP in the absence of oxygen by 
 

(A) splitting carbon dioxide and releasing additional oxygen 
(B) moving acetyl-CoA molecules to the Krebs Cycle  
(C) recycling NADH molecules to NAD+ molecules  
(D) producing enzymes that convert ADP to ATP  
(E) breaking down ethanol or lactic acid to carbon dioxide and water 

 
C When the ETS/ETC is “backed up” due to inadequate oxygen delivery, electron carriers from the Krebs 

cycle and glycolysis are unable to become oxidized by “dropping off” electrons at the ETS/ETC.  
Fermentation reactions allow the NADH from glycolysis to become oxidized and therefore regenerate 
NAD+ 

 
12. Which of the following could be found in autotrophic eukaryotic cells? 

 
  I. mitochondria 
 II. chloroplasts 
III. nucleus 
 

(A) I only 
(B) II only  
(C) III only 
(D) II and III only 
(E) I, II, and III 

 
E Plants contain all three.  Students often forget that plants (autotrophs) contain mitochondria.  They 

incorrectly believe that plants contain chlorophyll instead of mitochondria. 
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13. All of the following statements are true with regard to mitochondria and chloroplasts EXCEPT 

 
(A) Both are likely to have evolved through endosymbiosis 
(B) Both consist of a double phospholipid bilayer 
(C) Both produce ATP 
(D) Both are found in heterotrophs 
(E) Both have internal structures that increase surface area 
 

D Heterotrophs such as humans do not contain chloroplasts 
 

14. All of the following provide evidence of an increased rate of cellular respiration EXCEPT 
 

(A) increase in the concentration of CO2 
(B) decrease in the concentration of O2 
(C) a low pH in the inner membrane space 
(D) increased activity of ATPsynthase 
(E) an increase in the concentration of lactic acid 
 

E An increase in the concentration of lactic acid would be the result of lactic acid fermentation NOT 
cellular respiration. 

 
15. Which of the following represents a plausible pathway of electrons through the process of cellular respiration? 

 
(A) Glucose Pyruvate Acetyl-CoA FADH2 oxygen 
(B) Glucose NADH electron transport chain Acetyl-CoA oxygen 
(C) Glucose Pyruvate electron transport chain NADH Acetyl-CoA 
(D) Glucose NADH Acetyl-CoA electron transport chain carbon dioxide 
(E) Glucose carbon dioxide FADH2 electron transport chain Acetyl-CoA 
 

A Of the options listed, pathway A is the only plausible energy transfer (electrons) pathway. 
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Free Response 

 
1. Cellular Respiration is the cornerstone of metabolism.  
 
A. Trace the pathway of electrons from glucose through the entire process of aerobic cellular respiration and 
describe all significant events in which energy is transferred between molecules. 
 (4 pt maximum) 
 
__Redox: Energy is derived from electrons in “food” or glucose or metabolites of glucose 
__Specific reaction (ie. NAD+ + 2H  NADH + H+) 
__Glycolysis provides electrons via 2 NADH 
__Krebs provides electrons via 6 NADH and 2 FADH2  
__Electrons power the proteins in the ETC 
__O2 is the final electron acceptor 
__H2O or metabolic water is the result (byproduct)  
 
B. Describe and discuss the process of chemiosmosis in eukaryotic cellular respiration.  Include in your discussion 
the significance of membranes and associated proteins.  
 (4 pt maximum) 
 
__Folds of cristae hold the ETC and ATP synthase 
__Folds increase surface area 
__Idea of redox reactions (if not awarded in previous section) 
__Proton pumps pump H+ ions into the inner/intermembrane space 
__A proton motive force is created OR similar concept (voltage, pH difference) 
__ATP synthase structure (“hollow tube” or designed to spin to join reactants or similar) 
__ATP synthase joins ADP + Pi 
 
C. The absence of O2 is problematic to the process of cellular respiration.  Describe how a muscle cell may attempt 
to compensate during strenuous exercise.   
 (4 pt maximum) 
 
__glycolysis may continue 
__glycolysis will still net 2 ATP  
__NADH is unable to become oxidized (or lose electrons) at the ETC 
__NAD+ must be regenerated 
__NADH oxidized through an alternate pathway resulting in lactic acid formation 
__ much of the energy remains in lactic acid 
__oxygen debt explanation OR idea that lactic acid will eventually feed back into cellular respiration OR similar 
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Free Response 

 
2.  Cellular respiration and photosynthesis are important processes.  
 
A. Describe the membrane (including structures imbedded in the membrane) involved in AND the process of 
chemiosmosis as demonstrated in eukaryotic cellular respiration in the presence of adequate oxygen. 
(6 pt maximum) 
 
__Inner membrane of the mitochondria (cristae) is folded to increase surface area 
__Carrier proteins OR proton pumps actively transport H+ ions 
__H+ ions accumulate in the inner/inter membrane space 
__Proton motive force OR electrochemical gradient pushes H+ ions out into the matrix 
__H+ ions flow through and power ATP synthase 
__ATP synthase joins ADP + Pi  ATP 
__Concept of role of oxygen (O2 is the final electron acceptor, O2 + H+ + e-  H2O, etc) 
 
B. Chloroplasts and Mitochondria both utilize the process of chemiosmosis.  Compare and contrast the process of 
chemiosmosis as it occurs in a chloroplast and a mitochondrion by describing 3 similarities and 3 differences 
between the two. 
(3 pt maximum similarities; 3 pt maximum differences) 

SIMILARITIES 
(1 point per correct statement) 

Both utilze…. 
 membrane structures that increase surface area for chemiosmosis  

(cristae & thylakoid or grana: stacks of thylakoids) 
 Both use protein carriers (proton pumps) to increase H+ in a membrane bound compartment 
 Both use energized electrons to power the proton pumps 
 Both use ATP synthase for the synthesis of ATP 

 
DIFFERENCES  

(must describe both the mitochondrion and chloroplast to earn a point) 
Mitochondria Chloroplasts 

O2 is a reactant and H2O is a product H2O is a reactant and O2 is a product 
NAD+ /NADH  & FAD/FADH2 = electron carriers NADP+/NADPH = electron carrier 
Removal of excess electrons is key Replacing lost electrons is key 
Electrons arrive “energized” from the breakdown of 
glucose 

Electrons must be energized by light  

Photosystems not present 
OR 
Chlorophyll not present 

Photosystems are present 
OR 
Chlorophyll present 
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Aerobic Cellular Respiration Free Response 
 
Using what you know to get every possible point— 

 
The exam readers do not expect you to know every detail, but they can only give you credit for what you write.  
It is extremely important that you (1) answer the question that is asked; and (2) remember to include everything 
you know that is relevant to the topic.     
 
Where to start… 
When answering any free response question, your goal is to get as many points as possible.  Scribbling random 
words is not likely to be of much help.  In the example of aerobic cellular respiration, your answer should at a 
minimum show a basic understanding of what happens in this important process.  Start with the most obvious—
the chemical equation and a labeled sketch of a mitochondrion.  Before you start your discussion, jot down 
critical terms, the sequence of the major reactions, and where in the cell they occur.  It’s easy to get bogged 
down trying to remember a relatively minor detail and forget to include important information that you know well. 
 
Example.  Some critical terms that you may remember: 
glucose 
glycolysis 
cytosol 
Kreb’s (citric acid) cycle 
pyruvate 
 

carbon dioxide 
mitochondria 
acetyl-CoA 
NADH 
FADH2 
 

oxygen 
electron transport chain 
ATP 
ATP synthase 
H+ gradient  

 
What do I do when I can’t remember a single compound or reaction in the citric acid cycle? 
Include what you do know.  How about citric acid?  That’s the first compound that is formed when acetyl-CoA is 
combined with a four-carbon molecule?  When you get to the point in your discussion where it would make 
sense, try saying something like:  “The citric acid cycle begins as acetyl-CoA combines with a four-carbon 
compound to form citric acid.  In a series of enzymatic reactions, citric acid is broken down to carbon 
dioxide, a small amount of ATP is formed, and electron carrier molecules are produced.”  
 
I’ve written the equation, drawn and labeled a mitochondrion, written every term that I can 
remember.   What now? 
 
Start your discussion with a sentence or two that summarizes the overall process of aerobic cellular respiration:.  
 “One of the main nutrients in our diet is glucose, a six-carbon sugar that can be broken down by the 
body. When the chemical bonds in glucose are broken, energy is released. The complete breakdown of 
glucose into CO2 occurs in two processes:  glycolysis and the Kreb’s or citric acid cycle.” 
 
Continue with a discussion of glycolysis and the citric acid cycle: 
“In glycolysis glucose is broken down in the cytosol into two three-carbon molecules known as 
pyruvate. The pyruvate is then converted to two-carbon molecules known as acetyl-CoA and carbon 
dioxide. In the citric acid cycle, the acetyl Co-A molecules are further broken down into carbon dioxide, 
producing a small amount of ATP and electron carrier molecules (NADH and FADH2). Glycolysis and the 
citric-acid cycle produce a net total of only 4 molecules of ATP per glucose molecule, and this yield is 
much below the amount needed by the body for normal functioning.”   
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Now discuss the electron transport chain: 
“Most of the needed ATP is produced in the electron transport chain: Electrons are transferred from 
NADH and FADH2, through a series of protein electron carriers embedded in the inner mitochondrial 
membrane.  The energy-depleted electrons are then captured by oxygen which combines with H+ to 
form water.  Transfer of electrons by these carriers generates a H+ gradient across the inner 
mitochondrial membrane. When H+ diffuses back across the inner mitochondrial membrane through the 
enzyme ATP synthase, a large amount (>30 molecules) of ATP is produced.” 
When you experience the “Oh! Now I remember moment”… Don’t leave something out because you 
remembered it late in your discussion, even when you’re not completely sure.  Write it in the margins if you have 
to!  Examples:  “The citric acid cycle and electron transport reactions occur in the mitochondria (rod-
shaped cellular organelles found in virtually every cell of the body).  NADH is formed when NAD+ 
accepts an electron and hydrogen. ADP + Pi = ATP.  Succinate is one of the transfer molecules in the 
citric acid cycle.”   
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