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CONCEPT: REDOX REACTIONS
●Oxidation-Reduction (__________) Reaction: transfers _______________________ (e–) between molecules.
□ Oxidation: the process of __________________ one or more electrons.
□ Reduction: the process of __________________ one or more electrons (overall charge is reduced).
□ Oxidation & reduction reactions always occur __________________________ (at the same time).
EXAMPLE: Redox Reaction (LEO the Lion goes GER).

EXAMPLE: Which of the following molecules is oxidized and which is reduced?
a) Molecule A is oxidized ; Molecule B is reduced.
b) Molecule A is reduced ; Molecule B is oxidized.
c) Both Molecule A & Molecule B are reduced.
d) Both Molecule A & Molecule B are oxidized.

PRACTICE: Oxidation is the _________________________, and reduction is the _________________________.
a) Gain of electrons ; Loss of electrons.

c) Loss of electrons ; Gain of electrons.

b) Gain of protons ; Loss of protons.

d) Gain of oxygen ; Loss of oxygen.

PRACTICE: When glucose donates electrons to NAD+ creating NADH, the glucose molecule becomes:
a) Hydrolyzed.

b) Oxidized.

c) Neutral.

d) Reduced.
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CONCEPT: REDOX REACTIONS
Electron Carriers: NADH & FADH2
●Many biological processes (including Cellular Respiration) conduct redox reactions using electron __________________.
□ Electron carriers such as _____________ & _____________ each carry/transport _______ electrons.
□ NADH & FADH2 can shuttle electrons to different locations within a cell like an electron “__________” cab.
□ NAD+ & FAD are the ____________________ forms of NADH & FADH2, respectively.
EXAMPLE: Formation of NADH and FADH2.

□ Helpful Memory Tool: think that NAD____ and FAD____2 are just a little bit “____eavier.”
□ During Cellular Respiration, electrons carried by NADH & FADH2 go to the Electron Transport Chain.

PRACTICE: An electron carrier before it harvests energy from glucose molecules in a series of gradual steps is:
a) Pyruvate.

b) AMP.

c) ATP.

d) NAD+.

e) NADH.
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CONCEPT: INTRODUCTION TO AEROBIC CELLULAR RESPIRATION
●Aerobic Cellular Respiration: the _________________ process of breaking-down glucose to make lots of _________.
□ Aerobic: requires the presence of ______________ gas (O2).
□ Occurs in __________________ stages, most of which occur inside of the _______________________.
EXAMPLE: Overall Chemical Equation for Aerobic Cellular Respiration.

Aerobic Cellular Respiration is a Redox Reaction
●The overall chemical equation for Aerobic Cellular Respiration is a _____________ reaction.
□ By the end of the process, glucose is _____________________ while oxygen is _____________________.
EXAMPLE: Chemical Equation for Aerobic Cellular Respiration.

PRACTICE: Which one of the following molecules is a by-product of cellular respiration?
a) Water.

b) Glucose.

c) Pyruvate.

d) Oxygen.

e) ADP.

PRACTICE: Which of the summary statements below describes the results of the following reaction?

C6H12O6 + 6 O2 → 6 CO2 + 6 H2O + Energy
a) C6H12O6 is oxidized and O2 is reduced.

c) CO2 is reduced and O2 is oxidized.

b) O2 is oxidized and H2O is reduced.

d) O2 is reduced and CO2 is oxidized.
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CONCEPT: INTRODUCTION TO AEROBIC CELLULAR RESPIRATION
Stages of Aerobic Cellular Respiration
●Aerobic Cellular Respiration includes ________ metabolic pathways/reactions:

Remembering Stages of Aerobic Cellular Respiration

EXAMPLE: Which of the following options lists the stages of aerobic cellular respiration in the correct order?
a) Glycolysis, electron transport chain & chemiosmosis, pyruvate oxidation, and Krebs cycle.
b) Glycolysis, pyruvate oxidation, Krebs cycle, and electron transport chain & chemiosmosis.
c) Pyruvate oxidation, electron transport chain & chemiosmosis, glycolysis, and Krebs cycle.
d) Krebs cycle, electron transport chain & chemiosmosis, pyruvate oxidation, and glycolysis.
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CONCEPT: INTRODUCTION TO AEROBIC CELLULAR RESPIRATION
Map of the Lesson on Cellular Respiration

EXAMPLE: Using the map above, which of the following occurs in the absence of oxygen (no oxygen)?
a) Fermentation.

c) Oxidative phosphorylation

b) Aerobic respiration.

d) O2 serves as the final electron acceptor.

PRACTICE: Based on the map of cellular respiration, why do we need to breathe in oxygen?
a) Oxygen is the final electron acceptor for lactic acid fermentation.
b) Oxygen is the final electron acceptor for alcohol fermentation.
c) Oxygen is the final electron acceptor for aerobic cellular respiration.
d) Oxygen is not important for the purposes of cellular respiration.
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CONCEPT: TYPES OF PHOSPHORYLATION
●During aerobic cellular respiration, ATP is made via _______ different types of phosphorylation:
1) Substrate-Level Phosphorylation

&

2) Oxidative Phosphorylation.

1) Substrate-Level Phosphorylation
●Uses an __________________ & a substrate to directly transfer a phosphate group to ADP, creating __________.
□ Used to make a _______________ amount of ATP during Glycolysis and the Krebs Cycle.
EXAMPLE: Substrate-Level Phosphorylation.

2) Oxidative Phosphorylation
●Uses energy from ___________________ reactions in the Electron Transport Chain (ETC) to phosphorylate ADP.
□ Builds a _______ concentration gradient, which is used to make a _________________ amount of ATP.
□ Chemiosmosis: diffusion of ions across a membrane ____________ their concentration gradient (high to low).
EXAMPLE: Oxidative Phosphorylation.

Oxidative Phosphorylation = ETC + Chemiosmosis
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CONCEPT: TYPES OF PHOSPHORYLATION
PRACTICE: Substrate-level phosphorylation is utilized to create ATP in which steps of aerobic cellular respiration?
a) Electron Transport Chain and Chemiosmosis.
b) Glycolysis and Pyruvate Oxidation.
c) Pyruvate Oxidation and Krebs cycle.
d) Glycolysis and Krebs cycle.

PRACTICE: Which type of phosphorylation synthesizes ATP using an enzyme that transfers a phosphate group to ADP?
a) Adaptive Phosphorylation.

c) Substrate-level Phosphorylation.

b) Oxidative Phosphorylation.

d) Product-level Phosphorylation.

PRACTICE: The largest amount of ATP made by cellular respiration is created by the process of ______________, in the
_____________ steps of aerobic cellular respiration.
a) Substrate-level phosphorylation; first.
b) Oxidative phosphorylation; first.
c) Oxidative phosphorylation; final.
d) Substrate-level phosphorylation; final.
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CONCEPT: GLYCOLYSIS
●Glycolysis: 1st step of cellular respiration that breaks down ________________ into 2 _________________ molecules.
□ “Glyco” = ______________.

□ “Lysis” = to ___________________.

□ Glucose has ______ carbon atoms, all which end up being converted to CO2 in the 2nd & 3rd steps of respiration.
□ ONLY step that occurs outside mitochondria (in the cell’s ________________) & does ________ require Oxygen.

PRACTICE: Where does the first stage of aerobic cellular respiration take place within a cell?
a) Mitochondrial matrix.

c) Intermembrane space.

b) Inner mitochondrial membrane.

d) Cytoplasm.

Phases of Glycolysis
●Glycolysis consists of a series _______ reactions, which can be grouped into _____ phases:
1) Energy Investment Phase: requires an _____________ of energy by using _____ ATP molecules.
2) Energy Harvest Phase: _______________ energy by forming _____ NADH & _____ ATP molecules.
□ Net products from 1 single glucose molecule = ____ pyruvate, ____ NADH, & ____ ATP molecules.
□ 2 pyruvates transported to the ______________________ matrix for the next step of cellular respiration.
EXAMPLE: Phases of Glycolysis.
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CONCEPT: GLYCOLYSIS
Remembering Phases of Glycolysis

EXAMPLE: There is an energy investment step needed to get glycolysis started, requiring the use of _______ ATPs.
a) Two.

b) Four.

c) Three.

d) One.

E) Five.

PRACTICE: Starting with one molecule of glucose, glycolysis results in the net production of which of the following sets of
energy-containing products?
a) 2 NAD+, 2 pyruvate, and 2 ATP.

c) 4 NADH, 2 pyruvate, and 4 ATP.

b) 2 NADH, 2 pyruvate, and 2 ATP.

d) 6 CO2, 2 pyruvate, and 2 ATP.

PRACTICE: Which of the following is a result of glycolysis?
a) A net gain of four ATP per one glucose molecule.
b) Conversion of FAD to FADH2.
c) Conversion of one glucose molecule to two pyruvate molecules.
d) Conversion of NADH to NAD+.
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CONCEPT: PYRUVATE OXIDATION
●Recall: Glycolysis results in _____ pyruvate molecules, which are then transported to the mitochondrial ______________.
●Pyruvate Oxidation: 2nd step of cellular respiration that converts each pyruvate into a molecule of Acetyl-_________.
□ Occurs in mitochondrial matrix & produces ___ acetyl-CoA, ____ NADH, & ____ CO2 molecules (per 1 glucose).
EXAMPLE: Pyruvate Oxidation.

PRACTICE: Each of the following describes the pyruvate oxidation reaction except that _____________________.
a) It connects glycolysis to the citric acid cycle.

d) This reaction occurs within the cytoplasm.

b) Each pyruvate is converted to an acetyl-CoA molecule.

e) Carbon dioxide is released as a by-product.

c) NAD+ is reduced to NADH.
PRACTICE: In aerobic cellular respiration, pyruvate molecules must be transformed through a process called pyruvate
oxidation before they can be broken down in the Krebs Cycle. What are the products of pyruvate oxidation?
a) Acetyl CoA, O2, and ATP.

d) Acetyl CoA, NADH, and CO2.

b) Acetyl and CO2.

e) Acetyl CoA, NAD+, ATP, and CO2.

c) Acetyl CoA, FADH2, and CO2.
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CONCEPT: KREBS CYCLE
●______________ Cycle: 3rd stage of aerobic cellular respiration; also known as the Citric Acid Cycle & the TCA Cycle.
□ Oxidizes acetyl-CoA producing energy in the form of ATP, NADH, & FADH2.

Phases of The Krebs Cycle
●Krebs Cycle consists of a series of multiple reactions, which can be grouped into _____ phases:
a) Acetyl-CoA Entry: 2 carbons of Acetyl-CoA enter & react with oxaloacetate, producing _____________.
□ NOTE: “CoA” does __________ enter the Krebs Cycle (just the _____ carbons enter).
b) Citrate Oxidation: Rearrangement & _________________ of citrate.
□ Produces of 1 ATP & 2 NADH, & 2 CO2 molecules.
c) Oxaloacetate Regeneration: _____________________ of oxaloacetate by oxidation.
□ Produces 1 NADH & 1 FADH2 molecule.
●______ rounds of the Krebs Cycle occur for every 1 glucose molecule (1 round of Krebs Cycle per acetyl-CoA).
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CONCEPT: KREBS CYCLE
EXAMPLE: How many turns of the Krebs Cycle are needed to completely break down one molecule of glucose?
a) 2.

b) 3.

c) 1.

d) 4.

e) 5.

PRACTICE: Which product of the Krebs cycle is also used as a reactant in the Krebs cycle?
a) Citrate.
b) ATP.
c) Acetyl-CoA.
d) Oxaloacetate.

PRACTICE: Taking one molecule of glucose through glycolysis, pyruvate oxidation, and the Krebs cycle generates:
a) 6 CO2, 8 NADH, 2 FADH2 and 4 ATP.

c) 6 CO2, 10 NADH, 2 FADH2 and 4 ATP.

b) 6 CO2, 8 NADH, 1 FADH2 and 2 ATP.

d) 6 CO2, 10 NADH, 2 FADH2 and 2 ATP.
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CONCEPT: ELECTRON TRANSPORT CHAIN
●Electron Transport Chain (_______): 4th step of aerobic respiration; consists of mitochondrial inner-membrane proteins.
□ Harnesses energy of _________________ from NADH & FADH2 in a series of ______________ reactions.
□ ETC uses energy from electrons to generate a ______ gradient by pumping H+ into the intermembrane space.
□ Final Electron Acceptor: the final molecule that accepts the ETC’s electrons is _________________ gas (O2).
□ When Oxygen gas (O2) serves as the final electron acceptor, it interacts with H+ to form water (H2O).
EXAMPLE: Electron Transport Chain.

Remembering the ETC
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CONCEPT: ELECTRON TRANSPORT CHAIN
PRACTICE: In the electron transport chain, the final electron acceptor is:
a) H2O.

b) CO2.

c) H2O.

d) O2.

e) NAD+.

PRACTICE: Which of the following events takes place in the electron transport chain?
a) The breakdown of glucose into six carbon dioxide molecules.
b) The breakdown of NADH and FADH2 to carbon dioxide.
c) Harnessing energy from high-energy electrons derived from glycolysis, pyruvate oxidation, and the Krebs cycle.
d) Substrate-level phosphorylation.
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CONCEPT: CHEMIOSMOSIS
●The H+ gradient built by the ETC has tremendous potential energy that can be captured via ____________________.
□ Chemiosmosis: the diffusion of ions across a membrane ___________ their concentration gradient (high to low).
□ ATP Synthase: enzyme that facilitates chemiosmosis & synthesizes _________.
●Recall: Oxidative Phosphorylation: ETC redox reactions & chemiosmosis “powering” phosphorylation to make _______.
EXAMPLE: Oxidative Phosphorylation = ETC + Chemiosmosis.

PRACTICE: Chemiosmotic creation of ATP is driven by:
a) Phosphate transfer through the plasma membrane.
b) Potential energy of the H+ concentration gradient created by the electron transport chain.
c) Substrate-level phosphorylation in the mitochondrial matrix.
d) Large quantities of ADP in the mitochondrial matrix.

PRACTICE: The electron transport chain pumps H+ ions into which location of the mitochondria?
a) Mitochondrial intermembrane space.

c) Mitochondrial inner membrane.

b) Mitochondrial matrix.

d) The H+ ions are pumped out of the mitochondria.

Page 16

BIOLOGY - CLUTCH
CH. 8 - RESPIRATION

CONCEPT: REVIEW OF AEROBIC CELLULAR RESPIRATION
●Recall: the ______ stages of Aerobic Cellular Respiration:
1) Glycolysis

Start = Glucose

End = Pyruvate x2

2) Pyruvate Oxidation

Start = 2x Pyruvate

End = 2x Acetyl-CoA

3) Citric Acid Cycle

Start = 2x Acetyl-CoA

End = NADH and FADH2

4) Electron Transport Chain

Start = NADH & FADH2 End = H+ gradient and Water

5) Chemiosmosis (Oxi Phos)

Start = H+ gradient

End = ATP

PRACTICE: Through the first three stages of cellular respiration only 4 ATP molecules have been produced from the initial
glucose molecule. In which of the products of these stages is the potential energy to produce more ATP molecules stored?
a) The 6 molecules of CO2.
b) The H+ ions produced.
c) The 10 NADH and 2 FADH2 molecules.
d) The 4 molecules of ATP.
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CONCEPT: REVIEW OF AEROBIC CELLULAR RESPIRATION
Total Products for Each Stage of Aerobic Cellular Respiration
●Fill in the table with the total products made from a single glucose molecule at each step of aerobic cellular respiration.

PRACTICE: Water is one of the products of aerobic cellular respiration. What is the source of the oxygen atom utilized to
create the water molecules?
a) Carbon dioxide (CO2).
b) Glucose (C6H12O6).
c) Oxygen gas (O2).
d) Pyruvate (C3H3O3–).

PRACTICE: Approximately how many molecules of ATP are produced from the complete oxidation of one molecule of
glucose (C6H12O6) through the process of aerobic cellular respiration?
a) 4.
b) 2.
c) 26-34.
d) 30-38.
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CONCEPT: FERMENTATION & ANAEROBIC RESPIRATION
What Happens to Aerobic Organisms If There’s No Oxygen?
●Without oxygen, aerobic cellular respiration __________________ occur.
□ The ETC gets “backed-up” (like a _____________ jam) without O2 as the final electron acceptor.
□ The amount of NADH _________________ while the amount of NAD+ __________________.
●Fermentation: process that uses the electrons from NADH to reduce ___________________ & regenerate NAD+.
□ Depending on the organism, pyruvate can be reduced to ________________ acid or __________________.
□ Makes very _________________ ATP, so only some unicellular organisms can survive on just fermentation.
□ Regeneration of NAD+ allows glycolysis to continue in the __________________ of Oxygen.
EXAMPLE: Fermentation.

PRACTICE: Fermentation allows a cell to:
a) Recycle NADH to NAD+ for glycolysis.

c) Reduce NAD+ to NADH for glycolysis.

b) Use NADH as a terminal electron acceptor.

d) Synthesize ATP via ATP synthase.
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CONCEPT: FERMENTATION & ANAEROBIC RESPIRATION
Lactic Acid Fermentation
●_____________ Acid Fermentation: pyruvate is reduced by NADH to form lactic acid/________________ & NAD+.
□ Occurs in human _________________ cells & in bacteria that gives yogurt its sour taste.

Alcohol Fermentation
●____________________ Fermentation: pyruvate is reduced by NADH to form ___________________ & NAD+.
□ Produces beer from barley & wine from grapes.

PRACTICE: Which of the following describes a primary function of both lactic acid fermentation and alcohol fermentation?
a) Reduction of NAD+ to NADH.

c) Reduction of FAD to FADH2.

b) Oxidation of NADH to NAD+.

d) Hydrolysis of ATP to ADP.
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CONCEPT: FERMENTATION & ANAEROBIC RESPIRATION
Anaerobic Respiration
●Some unicellular organisms can survive and make significant amounts of ATP ________________ oxygen.
●_____________________ Respiration: uses other molecules (instead of O2) as the final electron acceptor of ETC.
□ Alternative electron acceptors include: Nitrate (NO3–), Sulfate (SO42–) & CO2.
□ Makes ______________ ATP than fermentation, but ______________ ATP than aerobic cellular respiration.

PRACTICE: In which of the steps of aerobic and anaerobic cellular respiration does substrate-level phosphorylation occur?
a) In glycolysis only.
b) In the Krebs cycle only.
c) In the electron transport chain only.
d) In both glycolysis and the Krebs cycle.
e) In both the Krebs cycle and the electron transport chain.
PRACTICE: Which of the following statements about NAD+ is true?
a) NAD+ is reduced to NADH during glycolysis, pyruvate oxidation, and the Krebs cycle.
b) NAD+ has more chemical energy than NADH.
c) NAD+ donates high energy electrons to the electron transport chain.
d) In the absence of NAD+, glycolysis can still function.
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