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CH. 7 - ENERGY AND METABOLISM

CONCEPT: INTRODUCTION TO ENERGY
●Energy: the ability to perform _____________.
□ In Biology, work is a transfer of energy that causes an overall __________________.
Potential vs. Kinetic Energy
1) _________________ Energy: ________________ energy that is available to do work.
2) _________________ Energy: energy of __________________.
EXAMPLE: Potential vs. Kinetic Energy.

PRACTICE: Which of the following is an example of potential energy?
a) Water rushing over a water fall.
b) A glucose molecule.
c) A spring being released and expanding rapidly.
d) An ant foraging (moving around) for food.

PRACTICE: Which of the following is NOT a form of kinetic energy?
a) When the temperature of a substance rises causing the molecules of that substance to move faster.
b) When a hockey puck slides across the ice after being hit by a player.
c) When glucose molecules are broken down to create energy for cellular work.
d) When the molecules of the air vibrate transmitting soundwaves.
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CONCEPT: INTRODUCTION TO ENERGY
Thermodynamics: System vs. Surroundings
●Thermodynamics: the study of _______________ transfers between bodies of matter.
□ _______________: the specific portion of matter being studied.
□ _____________________: everything else outside of the system.
□ Biological Systems transfer both _______________ & ____________ with the surroundings.
EXAMPLE: Biological Systems.

PRACTICE: Why are the principles of thermodynamics important for the study of biology?
a) The principles of thermodynamics govern the chemical processes in all biological organisms.
b) The principles of thermodynamics govern how an organism exchanges energy with their environment.
c) The principles of thermodynamics govern how all life on Earth exchanges energy.
d) All of the above.
PRACTICE: Which of the following is NOT an example of a biological system?
a) A human eating a cheeseburger.
b) A coral reef where energy and mass both enter and exit.
c) The digestive system of an organism absorbing food energy and discarding food waste.
d) The universe where the amount of energy and mass is constant.
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CONCEPT: LAWS OF THERMODYNAMICS
First Law of Thermodynamics
●“Energy _______ be transferred and transformed, but it ____________ be created or destroyed.”
□ AKA: The Principle of _____________________ of Energy.
□ The TOTAL amount of energy in the universe does _______ change.
EXAMPLE: First Law of Thermodynamics.

PRACTICE: Which of the following statements describes the first law of thermodynamics?
a) Energy cannot be created or destroyed.

c) Also called The Principle of Creation of Energy.

b) Energy cannot be transferred or transformed.

d) Energy can be destroyed.

Entropy
●A measure of ____________, or randomness; the greater the disorder, the __________ the entropy.
●The “natural tendency” of reactions is to move the Universe toward a state of ___________________ entropy (disorder).
□ Reactions can decrease entropy of a system with an ______________ input.
EAMPLE: Low vs High Entropy Systems.

Energy Input
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CONCEPT: LAWS OF THERMODYNAMICS
PRACTICE: Which of the following images has less entropy?
a) Image A has less entropy.
b) Image B has less entropy.

Second Law of Thermodynamics
●2nd law: 100% efficient energy conversion is impossible since ___________ energy is lost, increasing universal entropy.
□ Heat: form of _________________ energy that is transferred between two objects with different temperatures.
EXAMPLE: Second Law of Thermodynamics.

PRACTICE: When chemical, transport, or mechanical work is done by an organism, what happens to the heat generated?
a) It is used to power yet more cellular work in the surroundings.
b) It is captured to store energy as more heat in the system.
c) It is used to generate ADP.
d) It is lost to the environment.
PRACTICE: Which of the following statements is true regarding how energy moves up the food chain?
a) All of the energy is not transferred from producer to consumer because some of the energy is destroyed.
b) All of the energy is transfer from producer to consumer.
c) All of the energy is not transferred from producer to consume because some of the energy is lost as heat.
d) None of the above.
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CONCEPT: CHEMICAL REACTIONS
●Chemical reactions consist of the making and/or breaking of ________________ bonds leading to changes in matter.
□ Reactants: the ______________ material in a chemical reaction.
□ Products: the ________________ material in a chemical reaction.
EXAMPLE: Chemical Reaction.

Types of Chemical Reactions
●Chemical Reactions are categorized into 2 groups based on ________________ requirement:
1) _____dergonic Reactions: requires an input of energy (energy ENters the reaction).
2) _____ergonic Reactions: releases energy (energy EXits the reaction).
EXAMPLE: Endergonic vs Exergonic Reactions.

PRACTICE: Which of the following statements is true for all exergonic reactions?
a) The products have more total energy than the reactants.
b) The reaction proceeds with a net loss of free energy.
c) The reaction goes only in a forward direction: all reactants will be converted to products.
d) A net input of energy from the surroundings is required for the reactions to proceed.
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CONCEPT: ATP
●Recall: Adenosine Triphosphate (________): a ____________ energy molecule used to “power” cellular activities.
●There are 3 primary components of an ATP molecule:
1) Chain of ____ phosphate groups

2) __________ sugar

3) ________________ nitrogenous base.

●ATP Hydrolysis: process of breaking bonds between ___________________ groups generating chemical energy & ADP.
□ Sometimes ADP can be hydrolyzed to form AMP.
EXAMPLE: ATP structure & hydrolysis.

PRACTICE: Which of the following statements is true?
a) ADP contains more potential energy than ATP.
b) Following hydrolysis, ATP can give off one phosphate group and usable energy, whereas ADP cannot.
c) The energy produced by ATP comes from the breaking of the bond between two phosphate groups.
d) AMP and ADP contain the same amount of potential energy.

PRACTICE: Which of the following is the most correct interpretation of the figure?
a) Energy from food sources can be used directly for performing cellular work.
b) ADP + Pi are a set of molecules that store energy.
c) ATP is a molecule that acts as an intermediary to store energy for cellular work.
d) Pi acts as a shuttle molecule to move energy from ATP to ADP.
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CONCEPT: ATP
Energy Coupling
●When energy released by an _________________ reaction is used to power/drive an endergonic reaction.
□ ATP _______________ is coupled to endergonic reactions to provide the energy input they need to proceed.
EXAMPLE: Energy Coupling.

PRACTICE: How does ATP participate in energy-coupling reactions?
a) Hydrolysis of ATP fuels endergonic reactions.
b) Hydrolysis of ADP fuels endergonic reactions.
c) Synthesis of ATP fuels exergonic reactions.
d) Synthesis of ADP fuels exergonic reactions.
Phosphorylation
●The transfer of a phosphate group from _________ to another molecule to provide energy.
●Phosphorylation by ATP hydrolysis can have a wide ______________ of effects:
1) _______________ a target molecule to react.

2) Changes the ________________________ of a target protein.
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CONCEPT: ENZYMES
●Enzyme: molecule that catalyzes (or “___________-_____”) a chemical reaction _____________ being consumed.
□ Substrates: the reactants of a chemical reaction that is catalyzed by an enzyme.
EXAMPLE: Non-Enzymatic vs. Enzymatic Reaction.

Functions of Enzymes
●Enzymes have a variety of functions in living cells including:
1) Building ____________ ;

2) Copying ________ ;

3) ________________ food.

PRACTICE: Which of the following are examples of the functions of enzymes?
a) A lactase enzyme breaking down lactose sugar in the small intestine.
b) A DNA polymerase enzyme synthesizing new strands of DNA.
c) A lipase enzyme breaking down fats (lipids) in the small intestine.
d) A helicase enzyme unraveling DNA so it can be replicated.
e) All of the above.
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CONCEPT: ENZYMES
Environmental Factors Affecting Enzyme Activity
●Enzyme Activity: a measure of the amount of ______________ an enzyme can produce in a certain amount of time.
●Many environmental factors affect an enzyme’s activity:
1) ____________________

2) ______

3) __________________ of reactants.

●Recall: Several environmental factors (ex. high temp. or acidity) can cause a protein or enzyme to ________________.
□ Denatured enzymes lose their shape & would therefore have ___________________ activity.
EXAMPLE: Certain species of bacteria are able to perform metabolic reactions (involving enzymes) in hot springs because:
a) They are able to maintain a lower internal temperature.
b) High temperatures make catalysis unnecessary.
c) Their enzymes have high optimal temperatures.
d) Their enzymes are completely insensitive to temperature.

PRACTICE: Which characteristics are likely associated with an enzyme isolated from a human stomach where conditions
are strongly acidic.
a) An enzyme that functions properly at 70 degrees Fahrenheit and at a neutral pH.
b) An enzyme that functions properly at 98 degrees Fahrenheit and at an acidic pH.
c) An enzyme that functions properly at 98 degrees Fahrenheit and at a neutral pH.
d) An enzyme that functions properly at 70 degrees Fahrenheit and at an acidic pH.
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CONCEPT: ENZYME ACTIVATION ENERGY
●Activation Energy (______): the difference in energy between the reactants & the transition state of a reaction.
□ EA is the minimum amount of energy required to ____________ a chemical reaction.
□ The higher the EA, the _________________ the reaction.
□ Transition State: a temporary state of ________________ energy in a reaction.

Enzymes Lower EA
●Enzymes catalyze chemical reactions by __________________ their activation energy barrier (or transition state energy).
□ Reactions occur much ______________ in the presence of an enzyme.
EXAMPLE: Reaction coordinate for enzymatic catalysis.

PRACTICE: Which of the following statements is TRUE regarding an enzyme’s function?
a) It is generally increased if the structure or conformation of an enzyme is altered.
b) It is independent of factors such as pH and temperature.
c) It increases the rate of chemical reactions by lowering activation energy barriers.
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CONCEPT: ENZYME BINDING FACTORS
Enzyme-Substrate Complex
●A substrate binds an enzyme at the active site, forming the Enzyme-Substrate _________________ (______).
□ Active Site: specific region of an enzyme that ___________ substrates.
□ After catalysis, _______________ are released from the active site but the enzyme is unchanged.
EXAMPLE: Substrate binding forms the ES-complex.

Cofactors
●Some enzymes require _________________: non-protein substances required for catalysis to occur (ex. metal ions).
□ Cofactors are NOT consumed in the reaction.
□ Coenzyme: an organic molecule cofactor derived from vitamins.
EXAMPLE: Cofactors can assist in substrate binding.

PRACTICE: The organic non-protein components that aid in enzyme catalysis are called:
a) Reactants.

b) Cofactors.

c) Coenzymes.

d) Substrates.

e) Products.
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CONCEPT: ENZYME INHIBITION
●Enzyme Inhibitors: compounds that interfere with & selectively ______________ the catalysis of specific enzymes.
1) Competitive Inhibitors: compete with the substrate for a position in the free enzyme’s ______________ site.
□ Can only bind when the active site is ______________.
2) Noncompetitive Inhibitor: does not compete with the substrate & binds at an _________________ site on the enzyme.
□ Allosteric site: an alternative site for inhibitor binding that is _______ in the active site.
EXAMPLE: Competitive Inhibition vs. Noncompetitive Inhibition.

PRACTICE: Which of the following statements correctly describes competitive inhibition?
a) A competitive inhibitor binds to the substrate and inhibits it from binding to the active site of the enzyme.
b) A competitive inhibitor binds to a site other than the active site and inhibits the substrate from binding.
c) A competitive inhibitor binds to the active site and degrades the enzyme.
d) A competitive inhibitor binds to the active site of an enzyme and inhibits the substrate to bind.
PRACTICE: How does a noncompetitive inhibitor decrease the rate of an enzyme-catalyzed reaction?
a) By binding to the active site of the enzyme, thus preventing binding of the normal substrate.
b) By binding to an allosteric site, thus changing the shape of the active site of the enzyme.
c) By decreasing the free-energy change of the reaction catalyzed by the enzyme.
d) By binding to the substrate, thus changing its shape so that it no longer binds to the active site of the enzyme.
PRACTICE: Which of the following types of enzyme inhibition is overcome by increasing the substrate concentration?
a) The need for a coenzyme.

c) Competitive inhibition.

b) Noncompetitive inhibition.

d) None of the above.
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CONCEPT: INTRODUCTION TO METABOLISM
●Metabolism: _________ of an organism’s chemical reactions.
□ Metabolic _____________: series of reactions that alters a substrate multiple times before the final product.
EXAMPLE: Metabolic pathways have multiple steps.

Catabolic & Anabolic Pathways
●There are _______ types of metabolic pathways:
1) _______abolic Pathways (Catabolism): releases energy by breaking-__________ molecules into smaller ones.
2) Anabolic Pathways (Anabolism): spends energy to build-_______ larger molecules (like DNA & proteins).
EXAMPLE: Catabolic vs. Anabolic Reactions.

PRACTICE: Which of the following terms specifically describes the metabolic process of breaking down large molecules?
a) Catabolism.

b) Metabolism.

c) Anabolism.

d) Dehydration.

PRACTICE: Which of the following statements is TRUE regarding anabolic pathways?
a) They are used for digesting sugars.
b) They consume energy to build up polymers from monomers.
c) They release energy by breaking down polymers into monomers.
d) They increase the entropy of the organism.
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CONCEPT: NEGATIVE & POSITIVE FEEDBACK
Negative Feedback
●When the final product of a metabolic pathway ______________ an earlier step in the same pathway.
EXAMPLE: Negative Feedback acts like the “red light” to inhibit (-) metabolic pathways.

Positive Feedback
●When the final product of a metabolic pathway ________________ an earlier step in the same pathway.
EXAMPLE: Positive Feedback acts like the “green light” to further stimulate (+) metabolic pathways.

PRACTICE: ________ is when the product of a biochemical pathway activates the production of itself.
a) Negative feedback inhibition.

c) Substrate feedback inhibition.

b) Positive feedback.

d) Product feedback inhibition.

PRACTICE: Which of the following is TRUE about feedback inhibition?
a) Feedback inhibition has no physiological importance.
b) Multiple products are required for feedback inhibition.
c) Feedback inhibition of a pathway can only be accomplished by the products of that pathway.
d) Feedback inhibition involves products binding to the active site to prevent enzyme activity.
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