Cellular Energy and Cellular Respiration Review
Name: ________________________________________




Date: ___________

Mrs. Oldendorf, AP Biology

Living organisms need a constant input of energy.  Plants, through photosynthesis, capture light energy from the sun and convert it to the chemical energy of sugars.  Animals, by eating other animals, depend on this energy source.
Metabolism, the chemical reactions of living things, involves degradative and synthetic pathways.  Degradative pathways drive the synthetic ones, providing the ATP and NADP necessary for synthesis of the important molecules.  An outside source of energy (e.g. light (plants), chemical energy (animals)) must flow through the cells of the organism for metabolism to occur.  Energy cannot be created (or destroyed) by organisms, and any energy transformation involves some conversion of energy to heat.  

Each step of a metabolic pathway is controlled by an enzyme.  Various factors, such as temperature and pH affect the rate of each reactive step.  Enzyme activity is regulated by several types of inhibition: competitive, noncompetitive, and feedback.  Many enzymes carry out their activity with the assistance of cofactors, whereas cofactors are an integral part of the enzyme molecule.

ATP is a universal energy-carrying molecule in cells.  Energy released from the metabolic breakdown of foods, in association with chemiosmosis and the electron transport chain, is used to synthesize ATP.  Breakage of the terminal, high-energy phosphate group of this molecule releases energy for activities in the cell.  

Vocabulary:  Matching

___1.  ATP


a.  array of chemical reactions

___2.  cofactor

b.  capacity to do work

___3.  denatured

c.  changes the shape of the enzyme 

___4.  energy


d.  common energy currency in cells
___5.  enzyme


e.  many are ions
___6.  metabolism

f.  organic catalyst
___7.  substrate

g.  reactant of an enzyme
___8.  vitamin


h.  small organic molecule required dietarily
True or False:

___1.  Mechanical energy is used by an animal as it moves.

___2.  Heat energy in a molecule is transferred into chemical energy for muscular movement

___3.  Energy can be created and destroyed in living systems.

___4.  Any energy transformation involves the loss of some energy as heat.

___5.  Living systems need a constant input of energy

___6.  Energy cycles among organisms.

___7.  Solar energy sustains living things.

___8.  Metabolism refers to the decomposition of living organisms.

Check the 2 correct statements about degradative metabolic pathways
___ They are directly involved with the synthesis of molecules

___ They are not necessary for synthetic reactions

___ They are oxidative reactions

___ They release energy.  

Match each substance to one of the following descriptions:  cofactor, pantothenic acid, FAD, NADH

1. can accept only 1 H ion __________________

2. can accept 2 H ions _______________

3. part of coenzyme A _____________________

4. potassium __________________

Consider the following 2 reactions, where A B C D E and F refer to different molecules in a cell.  

1) A ( B + C + energy

2) D + E + energy ( F

a. Which reaction is synthetic?__________
b. Which reaction is degradative?__________
c. How are reactions 1 and 2 related?_________
d. How can NADP link these 2 reactions?_________
e. How are these 2 reactions in a cell dependent on an outside source of matter and energy?

Explain how chemiosmosis is related to ATP production in a cell.

How is energy input necessary to maintain the organized structures of the endoplasmic reticulum and Golgi apparatus in the cell?

Glycolysis, Krebs, and the lot of it

The metabolism of carbohydrate molecules in cells, particulary glucose, provides energy in the form of ATP.  Through the glycolytic pathway, glucose is first converted to pyruvate, anaerobically, in the cytosol.  In the absence of sufficient oxygen, in the cytosol, pyruvate is fermented.  Fermentation, either lactate or alcoholic, produces a  net yield of 2 ATP molecules per glucose molecule.  Lactate fermentation provides a quick, immediate source of ATP with the accompanying accumulation of lactic acid, creating an oxygen debt in the cell.

The complete metabolism of glucose, through the Krebs cycle and the electron transport system, produces a final total of at least 36 ATP molecules per glucose molecule.  This additional metabolism via this cycle and system requires the presence of oxygen in the cell and occurs in the mitochondrion.  Pyruvate enters the mitochondrion by the transition reaction.

Oxidative steps in the glycolytic pathway and Krebs cycle release electrons that are picked up by NAD and FAD.  These electrons are passed down a chain of carriers to oxygen.  Most of the ATP (32 of the 36 per glucose molecule) is produced by this oxidative phosphorylation, working with chemiosmosis along the mitochondrial membranes.  A small amount (4 of the 36 ATPs) is produced by substrate-level phosphorylation.
Other carbohydrates, as well as protein and fat, can also generate ATP by entering various steps in the degradative pathways of glycolysis and the Krebs cycle. 
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Vocab 

___1.  cytosol


a.  anaerobic pathway

___2.  glycolysis

b.  connects glycolysis to Krebs cycle

___3.  mitochondrion

c.  electron carrier 

___4.  NAD


d.  pivotal metabolite

___5.  pyruvate

e.  site of chemiosmosis

___6.  transition reaction
f.  site of glycolysis 

Check the 2 correct statements about cellular respiration

___ Carbohydrates are broken down to form a supply of ATP.
___ It occurs in the chloroplast.

___ The products are sugars and oxygen.

___ The products are the raw materials for photosynthesis.

What happens to NADH when O2 is present after the formation of pyruvate?
Indicate on the diagram where Acetyl CoA would be.

What happens to the Acetyl CoA and CO2?
Which has more Hydrogen atoms – pyruvate or lactate? ___________________________
In yeast, the product for the reaction is ___________________.

What happens to NAD+ following the fermentation reaction?____________________________________
Where would you find a molecule with 6 carbon atoms?  What is it?_______________________________
Where would you find a 3 carbon molecule?  What is it?_________________________________________
Where would you find a 2 carbon molecule?  What is it?_________________________________________
How does substrate level phosphorylation relate to cellular respiration?

Label each of the following statement as describing lactate fermentation, alcoholic fermentation, or both.

___ energy yield is very low

___ occurs in animal cells

___ occurs in most plant cells

___ occurs in yeast cells

___ supplies glycolysis with free NADHs when oxygen is absent

What is the evolutionary significance of fermentation?

[image: image2.png](

Electrons Electrons carried |
carried via NADH and
via NADH FADH,
ELECTRON
TRANSPORT
CHAIN AND.
OXIDATIVE
PHOSPHORYLATION
Cytosol Mitochondrion

Substrate-level Substrate-level Oxidative
phosphorylation phosphorylation phosphorylation




Glycolysis Cellular Respiration
1.  Where would NAD+ and NADH found?

2.  The transition reaction is located between…

__________________ and ___________________
3.  Where are cytochromes active?

4.  Where is oxygen  present?

5.  How many ATPs are found at the ATP star above the oxidative phosphorylation words?

Label each of the following as describing the transition reaction (T), the Krebs cycle (K), and or the electron transport system (E).
___ acetyl group and CoA are combine

___ associated with the process of oxidative phosphorylation

___ beings with a molecule of citrate

___ connects glycolysis to the Krebs cycle

___ located in the cristae of mitochondrion

___ located in the matrix of the mitochrondrion

___ oxidation produces NADH and FADH2 molecules

___ oxygen is the final acceptor

___ pyruvate is oxidized and converted to an acetyl group

Energy Yield from Glucose Metabolism

Complete each statement with the correct number, from a total of 36 ATP molecules produced per glucose molecule.
Glycolysis produces a total of ____ ATPs

Glycolysis produces a net of _____ ATPs by substrate level phosphorylation

Glycolysis produces _____ ATPs by oxidative phosphorylation

The transition reaction produces _____ ATPs.

The Krebs cycle produces _____ ATPs by substrate level phosphorylation

Six NADH molecules account for _______ ATPs by oxidative phosphorylation with the Krebs cycle

Two FADH2 molecules account for ______ ATPs by oxidative phosphorylation with the Krebs cycle

The Krebs cycle produces a total of ______ ATP molecules.

