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BIOCHEMISTRY - CLUTCH
CH. 6 - ENZYMES AND ENZYME KINETICS

CONCEPT: ENZYMES
●Enzymes: globular proteins that ____________ (or speed up the rate) of chemical reactions _________ being consumed.
□ ______________ are enzymes that are RNA catalysts.
□ Reactants (or ___________) specifically bind to an enzyme’s ________ site.
EXAMPLE: Fill-in the blanks.
________
________

______-____

_______

PRACTICE: Hexokinase uses ATP to convert glucose into glucose-6-phosphate during glycolysis. Which option is true?
a) Hexokinase is a fibrous protein.

c) Hexokinase is a molecular catalyst.

b) Hexokinase is permanently altered in the enzymatic reaction.

d) Hexokinase & all enzymes are proteins.

Enzymes Get Reactions to Equilibrium Faster
●A common misconception is that enzymes always convert _______% of substrate into product; this is not true.
□ Instead, enzymes only help reactions get substrates/products to their ________________ concentrations faster!

PRACTICE: Which graph below corresponds with a reaction that has an equilibrium constant less than 1 (Keq < 1)?
a)

b)

c)
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CONCEPT: ENZYMES
PRACTICE: The enzyme catalase converts hydrogen peroxide into water and oxygen gas. Which of the following is true?
a) All enzymes utilize ATP to catalyze reactions.

c) Catalase stops catalyzing when reaction reaches equilibrium.

b) All hydrogen peroxide is converted to products. d) Catalase catalyzes forward & reverse reactions at equilibrium.
Enzymes Lower EA
●Enzymes speed up reactions by lowering their energy of ________________ (EA or ΔG‡).
□ Energy of Activation: energy difference between substrates & ____________ state required to initiate a reaction.
□ Transition state (‡): an unstable transient entity at the local _____________ peak energy point of a reaction.

________

____
____

●Enzymes do NOT affect: 1) the ___________________ favorability (no change to ΔG) or….
2) the ________________ constant (no change to Keq).
PRACTICE: Which of the following is the best description of what an enzyme does?
a) It allows a chemical reaction to proceed extremely fast.
b) It increases the rate at which a chemical reaction reaches equilibrium relative to its uncatalyzed rate.
c) It makes a reaction thermodynamically favorable to allow it to proceed faster.
PRACTICE: Which of the following best describes how enzymes catalyze reactions?
a) Alter the equilibrium constant (Keq) of a reaction.

d) Force reactions to proceed in only one direction.

b) Decrease the thermodynamic free energy (ΔG) of a reaction.

e) Stabilizing the transition state.

c) Change nonspontaneous reactions into spontaneous reactions.

f) c & d.
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CONCEPT: ENZYME-SUBSTRATE COMPLEX
●Enzyme-substrate _____________ (ES): an intermediate formed when an enzyme binds to its substrate.
●Recall: __________________ are transient molecules at local ______________ energy points within a multistep reaction.
□ ES interactions are predominantly mediated by ________________ forces.
□ Weak noncovalent forces between enzyme & substrate provide the driving force for enzyme _____________.

EXAMPLE: Appropriately label the arrows in the reaction energy diagram below using the provided terms.
a) Product (P).
c) Substrate (S).
d) Non-rate-limiting transition state (‡).

Free Energy

b) Intermediate (I).

e) Rate-limiting transition state (‡).
Reaction Coordinate

Binding Energy
●_______________ energy (ΔGB): energy difference between uncatalyzed & ______________ transition states.
□ Derived from the _____________ of free energy when noncovalent interactions form in the ES complex.
●Enzymes lower the EA by utilizing binding energy to ___________ the transition state in the active site.
EXAMPLE:
___

A

PRACTICE: What can the binding energy (ΔGB) of an enzyme catalyzed reaction tell us?
a) The change in the rate/speed of the reaction.

d) a & c.

b) The change in the equilibrium constant (Keq) of the reaction.

e) All options are true.

c) The change in the reaction EA between the catalyzed & uncatalyzed transition states.
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CONCEPT: ENZYME-SUBSTRATE COMPLEX
PRACTICE: Which is the best definition of binding energy regarding enzyme catalysis?
a) Energy absorbed by the enzyme upon its binding to the substrate.
b) Energy released by interactions between the enzyme’s active site & substrate.
c) Energy released by the products of an enzyme.
d) The difference in energy between the substrates & products.

PRACTICE: Which of the following is true of the binding energy derived from enzyme-substrate interactions?
a) It does not provide enough energy to explain the rate accelerations brought about by enzymes.
b) It is the result of covalent bonds formed between the enzyme and substrate.
c)

It’s sometimes used to hold two substrates in the optimal orientation for the reaction to occur.

d) Most of the binding energy is used up by cofactors.
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CONCEPT: LOCK & KEY VS INDUCED FIT MODELS
●There are ______ main models for enzyme-substrate specificity.
1) Lock & Key Model: active site shape is rigid & complementary to the ___________ shape for a perfect “puzzle-piece” fit.
□ ________ likely model for enzyme catalysis since ES-complex is stabilized & EA stays the same or increases.
EXAMPLE: Lock & Key Model.

Lock & Key Model

Free Energy, G

‡

Active site

*_____-complex is very stable.

Uncatalyzed

‡

EA

Catalyzed

EA

*Catalyzed EA
stays the same
or is larger.

Reaction Coordinate

2) Induced Fit Model: active site shape is adjustable & more complementary to the _____________ state (‡) to stabilize it.
□ Conformational changes induced in active site & substrate.
□ _________ likely model for enzyme catalysis since ES-complex is _____ stabilized & EA decreases.
EXAMPLE: Induced Fit Model.

Induced Fit Model
‡
Free Energy, G

Active site

*_____________ state (‡) stabilization
is prioritized.

Uncatalyzed

EA

‡
___________

EA

*Catalyzed EA
is smaller.

Reaction Coordinate

PRACTICE: Compare the two enzyme-catalyzed reaction diagrams below (i & ii) to determine which of the following is true.
a) The ES-complex in diagram (i) is #2 and in diagram (ii) is #3..
b) Catalyzed EA in diagram (i) is arrow #5 and in diagram (ii) is arrow #7.
c) Binding energy in diagram (i) is arrow #5 and in diagram (ii) is arrow #7.
d) Diagram (i) describes a “lock & key” model while (ii) describes more of an “induced fit” model.
Diagram (ii)
Free Energy, G

Free Energy, G

Diagram (i)

Reaction Coordinate

Reaction Coordinate
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CONCEPT: LOCK & KEY VS INDUCED FIT MODELS
PRACTICE: What is a potential disadvantage for an enzyme having too high of an affinity for its substrate?
a) Enzyme catalysis may not occur.
b) The enzyme would catalyze the reaction but remain covalently & permanently linked to the product.
c) The ES complex could end up in a large energy trough with a consequentially large EA to the transition state.
d) There’s no potential disadvantage to strong affinity. The stronger the affinity, the faster/better the catalysis.
e) a, b and c.
f)

a and c.

PRACTICE: Select the best option that fills in the blanks appropriately in the order of their appearance.
The left graph depicts an energy diagram for the “_____________” model of enzyme-substrate specificity, whereas the right
diagram depicts an energy diagram for the modern “_____________” model. In the lock & key model, the enzyme binds
tightly and precisely to the “_____________.” In the induced fit model, the enzyme binds weakly to the “_____________”
and then changes conformation to bind tightly to the “_____________.”
a) Lock & Key ; Induced fit ; transition state ; substrate ; product.
b) Lock & Key ; Induced fit ; substrate, transition state ; product.
c) Lock & Key ; Induced fit ; substrate; substrate; transition state.
d) Induced fit ; Lock & Key ; transition state; product; substrate.
e) Induced fit ; Lock & Key ; product; transition state; substrate.
f)

Induced fit ; Lock & Key ; substrate ; product; transition state.
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CONCEPT: OPTIMAL ENZYME CONDITIONS
●Proper enzyme catalysis requires specific conditions, including _____ & ______________.
Optimal pH
●Most enzymes have an ___________ pH where they display their greatest amount of activity.
□ Enzymes are ____________ to pH & different enzymes have their own optimal pH.
●Recall: Charges of ionizable amino acids can ________ with pH.
□ pH changes could cause active site amino acids to change their _____________ & hinder catalysis.
□ Changing the pH significantly enough could cause an enzyme to ___________.
EXAMPLE: What is the approximate optimal pH for pepsin & chymotrypsin?
Chymotrypsin Optimal pH ≈ _______

Pepsin Optimal pH ≈ _______

PRACTICE: Which of the following is true of enzyme catalysts?
a) Their catalytic activity is independent of pH.
b) They are generally equally active on D and L isomers of a given substrate.
c) They can increase the equilibrium constant for a given reaction by a thousand-fold or more.
d) They can increase the reaction rate for a given reaction by a thousand-fold or more.
Optimal Temperature
●Most enzymes also have an optimal ________________ where they display their greatest amount of activity.

PRACTICE: The best way to increase the reaction rate for an enzyme saturated with substrate is always to:
a) Increase the pH.

b) Increase the temperature.

c) Increase [enzyme].

d) Increase [substrate].
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CONCEPT: OPTIMAL ENZYME CONDITIONS
PRACTICE: Which of the following statements about enzymes is false?
a) Enzymes carry out multiple rounds of a given chemical reaction.
b) Enzymes accelerate the speed at which reactions get to equilibrium by lowering the activation energy barrier.
c) Enzymes can denature under highly acidic or basic conditions.
d) Enzymes push the reaction equilibrium toward product formation.
e) Enzymes are biological molecular catalysts.
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CONCEPT: ACTIVATION ENERGY
●Energy of Activation (EA or ΔG‡): energy barrier between substrates & transition state.
□ EA controls kinetics; the ________ the EA, the _______ it takes for a reaction to take place.
●Question: What factors contribute to the EA barrier?
□ _____ factors primarily contribute to the EA barrier:
1) ___________

2) Proper _______________ of substrates

3) __________ of a substrate

4) ___________

●Binding energy of an enzyme to its substrate influences each of these factors to ____________ the EA.
PRACTICE: Which of the following best describes the energy of activation for a reaction?
a) The difference in free energy between the substrate and product.
b) The difference in entropy between the substrate and transition state.
c) The difference in free energy between the substrate and the transition state.
d) The difference in entropy between the product and transition state.
1) Reducing Entropy & Random Motion
●Substrates in solution require collisions for reactions to take place but have lots of ___________ motion (high entropy).
□ The _______ random motion, the _________ the likelihood of substrates colliding, which ____________ the EA.
●Enzymes __________ entropy of a reaction system by restricting random motion of substrates & bringing them closer.
□ Leads to increased likelihood of substrates reacting & a _____________ EA.
EXAMPLE: Enzymes Reduce Entropy.

PRACTICE: Which of the following best describes catalysis by proximity?
a) Catalysis by activation of the substrate through an interaction with an acidic amino acid.
b) Catalysis through enzyme-cofactor modification and a reduction in activation energy.
c) Catalysis through increasing the concentration of substrates in the enzyme active site.
d) Catalysis through physical distortion and strain on the substrate.
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CONCEPT: ACTIVATION ENERGY
2) Proper Orientation of Substrates
●Not only do substrates in solution require a collision to react, they require collision in a proper _________________.
□ Properly oriented random collisions between substrates in solution can be _______, which ____________ EA.
●Enzymes properly orient the ___________ groups of substrates to make reactions more likely & decrease EA.
EXAMPLE: Enzymes Properly Orient Substrates.

PRACTICE: Which of the following statements is false with respect to an enzyme’s ability to catalyze a reaction?
a) An enzyme provides a reaction surface & suitable environment for a reaction to take place.
b) An enzyme binds substrates to position them correctly & allow them to attain transition state configurations.
c) An enzyme allows a reaction to go through a less stable transition state than normal.
d) a & c are false.
3) Distortion of a Substrate
●Many reactions require _____________ of a substrate into an unstable/high-energy transition state (‡).
□ Distortion leads to an increased _____.
●__________ fit allows enzymes to form interactions with the ‡ and ___________ distortions to decrease EA.
EXAMPLE: Enzymes Stabilize ‡ Distortions.

PRACTICE: Which of the following is not a way that enzymes increase rates of reactions?
a) Binding of substrates in close proximity.

c) Stabilization of the transition state.

b) Covalently binding to the substrate.

d) Conformational changes in binding site slightly increases EA.
Page 11

BIOCHEMISTRY - CLUTCH
CH. 6 - ENZYMES AND ENZYME KINETICS

CONCEPT: ACTIVATION ENERGY
4) Solvation
●Solvation/hydration shells surrounding substrates in aqueous solutions can ____________ with substrate reactions.
□ Interference increases _____ & slows reaction.
●Potentially interfering H2O hydration shells are ______________ with ES interactions.
EXAMPLE: Enzymes Desolvate Substrates.

PRACTICE: Binding energy between an enzyme and a substrate contributes to catalysis in which way?
a) Binding energy allows an enzyme to properly orient its substrates.
b) Binding energy contributions allow for entropy reduction in the ES-complex.
c)

Binding energy compensates for energy changes as a result of desolvation of the substrate.

d) Binding energy contributes to the process of induced fit between the enzyme & the substrate.
e) a, b & c.
f)

All the above are correct.

PRACTICE: Enzymes are potent catalysts because they:
a) Are consumed in the reactions they catalyze.
b) Are very specific and can prevent the conversion of products back to substrates.
c) Drive reactions to completion while other catalysts drive reactions to equilibrium.
d) Increase the equilibrium constants for the reactions they catalyze.
e) Lower the activation energy by stabilizing the transition states for the reactions they catalyze.
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CONCEPT: TYPES OF ENZYMES
Six Major Classes of Enzymes
●Most enzymes fall under one of the _____ major classes:

1) Oxidoreductases
●_______________: catalyze oxidation-reduction (redox) reactions by transferring ________________ between molecules.
□ Recall: substances that lose electrons are _____________ & those that gain electrons are _____________.
□ Electrons typically transferred via H or O atoms.
□ Lactate dehydrogenase (LDH) is an example of an oxidoreductase.
EXAMPLE:
Which molecule is oxidized, and which is reduced?

GERRR!!

LEO

PRACTICE: Which of the following is an indicator that a reaction is catalyzed by an oxidoreductase?
a) Loss of a functional group.

c) Loss of a hydrogen.

b) Loss of H2O.

d) Loss of a substrate.
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CONCEPT: TYPES OF ENZYMES
2) Transferases
●______________: transfer ____________ groups between molecules.
□ Aminotransferases transfer ________ groups.
EXAMPLE:

PRACTICE: Kinases add phosphate groups to molecules. Kinases are an example of which class of enzyme?
a) Oxidoreductase.

c) Hydrolyase.

b) Phosphorylase.

d) Transferase.

3) Hydrolyases
●_____________: breaks bonds by adding H2O (catalyze ___________ reactions).
□ Peptidases, lipases, & nuclease respectively hydrolyze ___________, __________ & __________ acids.
□ Recall: Trypsin is an example of a ____________.
EXAMPLE:

PRACTICE: Below is a reaction in the oxidative phase of the pentose phosphate pathway catalyzed by the enzyme
gluconolactonase. This enzyme would be classified as what type?

a) Transferase.

b) Hydrolyase.

c) Lyase.

d) Isomerase.
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CONCEPT: TYPES OF ENZYMES
4) Isomerases
●Isomerases: create ___________ by shifting functional groups to a different location within the same molecule.
□ Recall: Isomers: molecules with the ________ chemical formula but different arrangement of atoms.
□ Triose phosphate isomerase produces an isomer during glycolysis.
EXAMPLE:
Triose Phosphate
Isomerase

PRACTICE: What class of enzyme is required to convert a cis-fatty acid into a trans-fatty acid?
a) Oxidoreductase.
b) Isomerase.
c) Hydrolyase.
d) Lyase.

5) Lyases
●_________: forms/breaks bonds (without redox reactions or the addition of H2O) via addition/elimination reactions.
□ Typically creates/removes double bonds or rings in the process.
□ Pyruvate decarboxylase is an example of a lyase.
EXAMPLE:

PRACTICE: Which of the following best describes the function of a lyase enzyme?
a) To facilitate a reaction where two substrates form one product without the use of water.
b) To facilitate a reaction where one substrate forms two products with the use of water.
c) To cleave bonds via the transfer of electrons between molecules.
d) To tell fibs.
Page 15

BIOCHEMISTRY - CLUTCH
CH. 6 - ENZYMES AND ENZYME KINETICS

CONCEPT: TYPES OF ENZYMES
6) Ligases
●Ligases: uses energy (ex. ATP) to catalyze the ligation (or the _____________ joining) of two molecules together.
□ DNA Ligase is critical for DNA replication.
EXAMPLE:

PRACTICE: Which of the following is not one of the six internationally accepted classes of enzymes?
a) Hydrolyases.
b) Ligases.
c) Oxidoreductases.
d) Polymerases.
e) Transferases.
Recap of Six Classes of Enzymes
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CONCEPT: TYPES OF ENZYMES
PRACTICE: The presence of an electron acceptor such as NAD+ indicates which class of enzyme?
a) Oxidoreductase.
b) Isomerase.
c) Hydrolyase.
d) Transferase.
PRACTICE: Digestive enzymes are all examples of which class of enzyme?
a) Ligase.

b) Lyase.

c) Hydrolyase.

d) Transferase.

PRACTICE: The reaction below is catalyzed by the enzyme arginase. What is the classification of this enzyme?

a) Hydrolyase.

b) Oxidoreductase.

c) Lyase.

d) Ligase.

PRACTICE: Which class of enzyme catalyzes a reaction where the chemical formula does not change?
a) Isomerase.
b) Oxidoreductase.
c) Transferase.
d) Ligase.
PRACTICE: What class of enzyme is required to combine two molecules using ATP?
a) Lyase.
b) Transferase.
c) Oxidoreductase.
d) Ligase.
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CONCEPT: COFACTOR
●Catalytic activity of many enzymes is dependent on the presence of small molecules called ____________.
●Cofactors: _____-protein portions of enzymes that help with catalysis.
□______enzymes: inactive enzyme without its cofactor.
□______enzymes: catalytically active enzyme with its cofactor.
□ Cofactors tend to bind to active sites, but their functional roles ________ greatly from enzyme to enzyme.
EXAMPLE:

Apoenzyme

Holoenzyme

I ____logize,
I’m inactive
right now.

Need an active enzyme?
______ at me!

PRACTICE: Aldoase requires Zn2+ for catalysis. Under cellular conditions of zinc deficiency, aldoase is referred to as:
a) Apoenzyme.

c) Holoenzyme.

b) Coenzyme.

d) Prosthetic group.

Coenzymes & Metal Ions
●______ main groups of cofactors: 1) _____________

2) ________ ions.

1) Coenzymes: small organic molecules derived from _____________.
□ Prosthetic groups: ________ bound or covalently attached coenzymes.
□ Cosubstrates: _________ bound recyclable substrate-coenzymes (ex. ATP & NADH).
2) Metal Ions: metal atoms with a net charge.
□ Metalloenzymes: enzymes with ________ bound metal ions (usually Fe2+, Fe3+, Cu2+, Zn2+, or Mn2+).
□ Activator ions: _________ bound metal ions (usually Na+, K+, Mg2+, or Ca2+).

PRACTICE: Which of the following options is false?
a) Metal ions can bind directly to enzymes or coenzymes.

c) Organic cofactors can be called coenzymes.

b) Metal ions often act as cofactors.

d) Metal ions can be prosthetic groups.
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CONCEPT: CATALYSIS
●Recall: Enzymes can lower ______ in several ways but the common theme is to __________ the transition state.
□ Question: What are the different types of enzyme catalysis mechanisms?
□ Enzyme catalysis is primarily conducted via _____ mechanisms:
1) ______-_______ catalysis.

2) ____________ catalysis.

3) _______ ion catalysis.

4) _________ catalysis.

PRACTICE: What is the common strategy for which enzyme catalysis occurs?
a) Increasing the probability of product formation.

c) Stabilization of the transition state.

b) Shifting the reaction equilibrium.

d) a and c are correct.

1) General Acid-Base Catalysis
●Acid-Base Catalysis: when an _______ or base catalyzes a reaction via a __________ (H+) transfer.
□ Unstable charged ________________ can be stabilized with H+ transfers.
●______ main types of acid-base catalysis:
□ Specific Acid-Base Catalysis: only solvent (H2O) serves as a H+ transfer source; sometimes this is too _______.
□ _____________ Acid-Base Catalysis: the ____________ active site mediates H+ transfers via any acid/base.
EXAMPLE: Specific vs. General Acid-Base Catalysis.

PRACTICE: Which of the following could not be the direct H+ transfer source for general acid-base catalysis?
a) Lysine.

b) Glutamic acid.

c) Water.

d) Tyrosine.

e) Phenylalanine.
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CONCEPT: CATALYSIS
PRACTICE: The catalytic mechanism below is an example of:
a) General acid catalysis.
b) Specific acid catalysis.
c) General base catalysis.
d) Specific base catalysis.

PRACTICE: Which of the following best applies to general acid-base catalysis?
a) A proton is transferred between the enzyme and substrate.
b) Uses nucleophilic functional groups.
c) May take part in interactions involving Fe2+.
d) Catalyst retains its original form after reaction occurs.
e) Other than losing/gaining a H+, the catalyst retains its original form.
f)

a & d.

g) a & e.
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CONCEPT: ELECTROSTATIC & METAL ION CATALYSIS
2) Electrostatic Catalysis
●Enzyme directly stabilizes charges in the transition state (‡) by forming _______________, noncovalent interactions.
□ Specific amino acids positioned in the active site __________ form electrostatic bonds with the ‡.
EXAMPLE: Electrostatic Catalysis.

‡

3) Metal Ion Catalysis
●Metal Ion Catalysis: enzyme indirectly forms electrostatic bonds with ‡ via its _________ ion cofactors.
□ Interactions between metals & substrates can __________ the substrate and/or ___________ the ‡.
EXAMPLE: Decarboxylation via Metal Ion Catalysis.

PRACTICE: Catalysis by the enzyme urease is inhibited in the presence of Hg, Cd, or Co ions. What could this information
potentially suggest about the catalytic mechanism of urease?
a) Urease uses acid-base catalysis.

c) Urease uses noncovalent catalysis.

b) Urease uses covalent catalysis.

d) Urease uses metal ion catalysis.
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CONCEPT: ELECTROSTATIC & METAL ION CATALYSIS
PRACTICE: Which of the following best applies to metal ion catalysis?
a) A covalent bond forms between enzyme and substrate.
b) Catalyst may participate in oxidation-reduction reactions by changes in the oxidation state.
c) May use amino acids such as aspartate or lysine for protonation or proton abstraction.
d) Uses nucleophilic functional groups.
e) Lowers the energy of the transition state.
f)

a & d.

g) b & e.
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CONCEPT: COVALENT CATALYSIS
4) Covalent Catalysis
●Covalent Catalysis: transient/temporary ___________ bonds formed between the enzyme & substrate as an intermediate.
□ Still ____________ overall reaction rate (compared to uncatalyzed rate) despite a longer pathway.
●Enzymes have amino acids that can act as _______________ (donates electrons) & attack substrates.
□ Any covalent bonds formed with the enzyme must eventually be __________ to restore the original enzyme.
EXAMPLE: Covalent Catalysis.
Hydrolysis

Hydrolysis

PRACTICE: An enzyme has two key catalytic residues, Glu 35 (pKa= 5.9) and Asp 52 (pKa= 4.5). Which of the following is
likely true about the mechanism for this enzyme if the optimum pH = 5.2?
a) Glu 35 is more likely a nucleophile than Asp 52.

c) Both a and b are true.

b) Glu 35 is more likely a general acid than Asp 52.

d) a, b & c are false.

PRACTICE: Which of the following mechanisms is not used by enzymes for catalysis?
a) General Acid-base catalysis.

d) Providing complementary electrostatics.

g) a & c

b) Induced fit of enzyme to transition state.

e) Binding of metal ions.

h) c & f.

c) Destabilizing the transition state.

f) Specific Acid-Base Catalysis.

i) b, c & f.
Page 23

BIOCHEMISTRY - CLUTCH
CH. 6 - ENZYMES AND ENZYME KINETICS

CONCEPT: COVALENT CATALYSIS
PRACTICE: Which catalytic mechanism uses an electrophilic cofactor to stabilize a negative charge on an intermediate?
a) Acid-base catalysis.

c) Covalent catalysis.

b) Electrostatic catalysis.

d) Metal ion catalysis.

PRACTICE: Which of the following catalytic mechanisms proceeds via noncovalent interactions?
a) Acid-base catalysis.

c) Covalent catalysis.

e) b and d.

b) Electrostatic catalysis.

d) Metal ion catalysis.

f) a, b & d.

PRACTICE: Suppose that the covalent catalytic mechanism of an enzyme depends on a single active site amino acid
(Cys), whose pKa = 8.3. A mutation in a nearby amino acid residue of the enzyme only slightly alters the microenvironment
so that the pKa of the Cys residue increases to 10.3. Would this mutation cause the enzyme-catalyzed reaction rate to
increase or decrease? Explain.
a) Reaction rate increases.

b) Reaction rate decreases.
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CONCEPT: REACTION RATE
● Reaction rate or velocity (v): the __________ that a given reaction proceeds from left to right.
□ Typically expressed as a change in [__________] over a ________ interval.

□ Reaction Rate (v): expressed in units of ________.
●On a [P] vs Time plot, reaction rate (v) is the __________ of the line tangent to any point.
□ Recall: equation for a line: y = mx + b.
□ Slope = _____ = v =

_______________ reached

●Note: Typically, the reaction rate (v) of enzyme-catalyzed reactions _____________ over time.
EXAMPLE: Calculate the reaction rate for A à B, given that [A]i = 1.0 M, [B]i = 0 & [B]f after 2 seconds = 0.02 M.
a) 0.01 M/s
b) -0.19 M/s
c) 0.02 M/s
d) -0.82 M/s

PRACTICE: Calculate the reaction rate for A à B, given that [A]i = 6.3 M, [B]i = 0 & [A]f after 4.8 seconds = 1.14 M.
a) 1.69 M/s
b) 2.53 M/s
c)

0.24 M/s

d) 1.08 M/s
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CONCEPT: ENZYME KINETICS
●Enzyme Kinetics: the branch of biochemistry related to the _______ or velocity of ___________-catalyzed reactions.
□ Measured by the reaction rate/velocity (___).
How to Increase Reaction Rates
●In general, there are _____ ways to increase the rate of a reaction (v):
1) Increase the ________________.
□ Issue: nonspecifically increases all reaction rates & could eventually __________ proteins.
2) Increase [__________].
□ Issue: lots of time/energy to make enough substrate to increase v; could create overcrowding.
3) Add a ___________.
□ Solution: living systems use small amounts of ___________ to increase reaction rates.
EXAMPLE: Increasing Reaction Rates.
1)

2)

3)

PRACTICE: Assuming the [S] is always saturating the enzymes (E), which of the plots below is correct?
a)

b)

c)

d)

PRACTICE: Which of the following is not a method of increasing a reaction’s rate?
a) Increase the [substrate].

c) Increase the [product].

b) Increase the [enzyme].

d) Slightly increase the temperature.
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CONCEPT: ENZYME KINETICS
Enzyme Kinetics Variables
●There are ________ variables to consider in enzyme kinetics:
EXAMPLE: Enzyme Kinetics Variables.
□ [E]: concentration of free _________ molecules.

□ [S]: concentration of free _________ molecules.

□ [ES]: concentration of the enzyme-substrate-_________.

□ [P]: concentration of free __________ molecules.

□ [E]T: the ________ concentration of enzyme ([E] + [ES]).

□ k: _______ constants.

□ V0: ________ reaction velocity.

□ Km: ___________ constant.

□ Vmax: ____________ reaction velocity.

□ kcat: ___________ constant.

PRACTICE: Which of the following options represents the total concentration of enzyme?
a) [E][ES].

b) [ES][E].

c) [E] + [ES].

d) [ES]/[E].

e) [E]/[ES].

[Substrate] >>> [Enzyme]
●Recall: We already know that [E]T = [___] + [____] ; HOWEVER, Do we also need to consider that [S]T = [S] + [ES] ???
□ Though we know enzyme kinetics is affected by [E]T & [S]T, the answer is _____! But why?
●Under typical laboratory conditions, the total [substrate] is in great excess over the total [enzyme]: [___]T >>> [___]T.
□ Amount of substrate bound to enzyme to form ES at any given time is ____________ compared to total [S]T.
□ We don’t consider that [S]T = [S] + [ES]; since [ES] is super ________ compared to [S]T, then [S]T ≈ [S].

1

●Conclusion: moving forward in our course, [___] will represent the total amount of substrate.
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CONCEPT: RATE CONSTANTS & RATE LAW
●Rate Constant (k): a ___________ positive value indicating reaction rate efficiency/probability under set conditions.
□ The higher the k, the ________ likely the reaction is ________; No reaction occurs if k = 0, & k is never negative.
●There are _____ rate constants for a standard enzyme-catalyzed reaction.
1) k1: E + S association rate constant to form ES.

3) k2 : ES dissociation rate constant to form P.

2) k-1: ES dissociation rate constant back to E + S.

4) k-2: E + P association rate constant to reform ES.

Enzyme-Catalyzed Reaction at any given time:

V
●At initial stages of an enzyme-catalyzed reaction, there are only _____ rate constants (no product means ____ is ignored).
□ _________ velocity (V0): velocity at the very beginning of a reaction where k-2 is negligible.

V0

Initial Enzyme-Catalyzed Reaction at very beginning (t ≈ 0):
[P] = ____
______-step

2

PRACTICE: Which of the following rate constants is negligible for the initial velocity (V0) of an enzyme-catalyzed reaction?
a) k1.

b) k-1.

c) k2.

d) k-2.

Rate Law: Calculating Reaction Rate (v) with Rate Constant (k)
●If final concentrations of reactants/products are unknown, reaction rate (v) can be determined by the ________ law.
□ Rate Law: mathematical relationship between reaction rate (v), rate constant (k), & each __________ [reactant].
□ Multiply rate constant (k) by all initial [reactant]

______

.

EXAMPLE: Rate Law.

●Reaction order must be experimentally determined but frequently equals the ______________ of the reactant.
EXAMPLE: Determine the rate law for each simple reaction.
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CONCEPT: RATE CONSTANTS & RATE LAW
PRACTICE: Calculate the reaction rate for the following simple reaction if k = 1.3 x 10-1 M-1s-1 , initial [A] = 4.0 x 10-3 M,
and the initial [B] = 6.0 x 10-3 M (for simple reactions, assume coefficients are reaction orders): A + B à 2C
a) 2.13 x 10-6 M.

c) 1.32 x 10-6 s.

b) 3.12 x 10-6 M/s.

d) 3.12 x 10-6 M-1s-1.

Rate Laws for Enzyme-Catalyzed Reactions
●Recall:

, but v can be rewritten with the rate law.

●For an enzyme-catalyzed reaction, formation of the product depends only on _____ (k1 and k-1 alone do not affect [P]).
□ Biochemists measure/plot the initial velocity (___) of this product-formation step.
EXAMPLE: Write the rate-law for the product-formation step.

P Formation Rate Law: V0 = ____ (____)

PRACTICE: Write out the rate law equations for each association/dissociation indicated below.

a) Rate law for ES dissociation into E + P: V = ______________
b) Rate law for E + S association: V = ______________
c) Rate law for ES dissociation back into E + S: V = ______________
PRACTICE: In a typical enzyme-catalyzed reaction, when & why is the rate constant k-2 negligible?
a) At the very beginning of a reaction because the [S] & [P] are at equilibrium and not yet disturbed by the enzyme.
b) Initially towards the beginning of a reaction because enzymes are getting off to a slow start.
c) At the start of a reaction when [S] are at their highest, [P] are at their lowest, & the reverse reaction is unlikely.
d) At the end of a reaction when the substrate and product are at equilibrium with each other.
e) As soon as the reaction begins when the reaction rate is at its lowest.
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CONCEPT: REACTION ORDERS
●Reaction order: a proportionality relationship between reaction rate (v) & each ______________ [substrate].
□ Recall: frequently equals the ______________ of the substrate but must be experimentally determined.
□ Elementary reactions (those with only _____ transition state): Substrate Coefficients = reaction order.
●Overall Reaction Order: always equal to the _______ of the individual reaction orders for all substrates.
EXAMPLE: Determine the overall reaction order for the following reactions.

●There are ____ common overall reaction orders: □ ________ Order

□ _____ Order

□ _____ Order

PRACTICE: The rate law for an elementary and/or nonelementary reaction is _________________________:
a) always determined from the balanced chemical reaction.

c) experimentally determined.

b) the rate law for the fastest step in the reaction mechanism.

d) always 2nd order overall if there are 2 reactants.

Zero Order Reactions
●Zero Order Reactions: [substrate] has _________ effect on reaction rate (v).
□ Zero-order kinetics are exhibited when an enzyme is _______________ with substrate.
□ Zero Order rate constant (k) ________ are Molarity x seconds-1 (M s-1).

EXAMPLE: Zero Order Kinetics: Does increasing the # of cars also increase the rate that the cars cross the 1-lane bridge?
a) Yes
b) No

Substrate

Enzyme
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CONCEPT: REACTION ORDERS
1st Order Reactions
●_________ Order Reactions: reactions where the rates are directly proportional to only ______ [substrate].
□ Includes ______________ reactions involving only a single substrate (ex. A à B).
□ First Order rate constant (k) units are seconds-1 (s-1).
EXAMPLE: First Order Kinetics.

2nd Order Reactions
●___________ Order Reactions: reactions where the rates are directly proportional to ______ [substrates].
□ 2nd Order reaction rate could also be proportional to the __________ of only one [substrate].
□ Includes _______________ reactions involving two substrates (ex. A + B à C).
□ Second Order rate constant (k) units are Molar-1 x seconds-1 (M-1s-1).
EXAMPLE: Second Order Kinetics.

PRACTICE: What is the overall reaction order for the following rate law? v = k [A]1 [B]1 [C]0
a) Zero order.

b) 1st order.

c) 2nd order.

d) 3rd order.

Pseudo 1st Order Reactions
● __________-First-Order Reactions: those that are actually 2nd order reactions but __________ to be 1st order reactions.
□ Can occur when concentration of one substrate is much ____________ than another (ex. [B] >>> [A]).
□ This makes substrate A the ______________ reagent, so it appears that [A] alone dictates rate.
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CONCEPT: REACTION ORDERS
PRACTICE: Which of the following options is true for a reaction with the provided rate law: v = k [NO]2 [O2]
a) The reaction has an overall order of 3.
b) The reaction is first order with respect to the reactant O2.
c) The reaction is endothermic.
d) The reaction has an overall order of 2.
e) a & b are true.
f)

b & c are true.

PRACTICE: Consider the nonenzymatic elementary reaction from A à B. When the initial [A] = 20 mM, the reaction
velocity is measured as 5 µM/min. Determine the reaction order and calculate the rate constant for the reaction.
a) 1st order reaction ; k = 100 min-1.

e) 2nd order reaction ; k = 100 min-1.

b) 1st order reaction ; k = 0.25 min-1.

f) 2nd order reaction ; k = 0.25 min-1.

c) 1st order reaction ; k = 2.5 x 10-4 min-1.

g) 2nd order reaction ; k = 2.5 x 10-4 min-1.

d) 1st order reaction ; k = 4.0 x 103 min-1.

h) 2nd order reaction ; k = 4.0 x 103 min-1.

PRACTICE: Consider the nonenzymatic elementary reaction A à B. When the [A] = 20 mM, the reaction velocity is
measured as 5 µM of “B” produced per minute. Calculate the rate constant for the reaction. Hint: Consider the rate law.
a) 6.0 x 102 min-1.
b) 2.5 x 10-4 min-1.
c) 3.7 x 10-5 min-1.
d) 9.1 x 10-2 min-1.
PRACTICE: The hypothetical elementary reaction 2A à B + C has a rate constant of 10-6 M-1s-1. What is the reaction
velocity when the concentration of A is 10 mM?
a) 8 x 10-3 Ms-1.
b) 2 x 10-7 Ms-1.
c) 4 x 10-5 Ms-1.
d) 1 x 10-10 Ms-1.
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CONCEPT: RATE CONSTANT UNITS
●Units of the rate constant (k) differ depending on the overall reaction _________.
Rate Constant (к) Units
●Rate constant (k) ________ are as follows:

●Note that all contain ______ as part of the units.
□ The _______ of the unit exponents indicates the overall reaction order.
EXAMPLE: What are the rate constant units for the following rate law? v = k [HI]2.
a) M s-1.

b) s-1.

c) M-1 s-1.

d) M-1 s.

PRACTICE: Determine the units for each of the 3 rate constants below in the enzyme-catalyzed reaction.
k1 units: __________
k-1 units: __________
k2 units: __________
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CONCEPT: INITIAL VELOCITY
●Biochemists mainly focus on _________ rates of enzyme-catalyzed reactions, since rates naturally decrease over time.
●As a reaction proceeds over time, its rate ___________ because [Substrate] decreases over time (converted to products).
□ Also, the _________ reaction (Substrate ß Product) becomes a factor as [Product] accumulates over time.
●________ velocity (V0): velocity at beginning of a reaction where [S] is highest & the reverse reaction is negligible.
□ Initial velocity (V0) is the best chance a reaction has at _______________ its maximum velocity (Vmax).
EXAMPLE: Draw in the curve for the second graph below: Reaction Rate (V) vs Time (sec).

_________________ reached

Initial Time
(t ≈ 0)

●All enzyme kinetics ________________ assume the reaction velocity measured is initial velocity (V0).
□ This makes it easier to ___________ reaction velocities of different enzyme-catalyzed reactions.
Enzyme Kinetics Plot (V0 vs [S])
●Enzyme Kinetics Plots: graph initial reaction velocity (V0) on ___-axis and [substrate] on ___-axis.
□ *Note: V0 occurs at ______ specific period of time early on, so we ________ monitor V0 over time (time ≠ x-axis).
□ V0 varies with [____] when all variables influencing reaction rate (temperature, pH, [____], etc.) are constant.
Enzyme _______________ with S.
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CONCEPT: INITIAL VELOCITY
PRACTICE: Why is the initial velocity (V0) the best chance a reaction has at approaching its maximum velocity (Vmax)?
a) [Substrate] decreases over time.
b) Reverse reaction from Reactant ß Product becomes more significant over time.
c) Reaction rates increase over time.
d) a and b.
e) All the above.
PRACTICE: Calculate the initial reaction rate for A à B, given that [A]i = 9.6 M, [B]i = 0 & [A]f after 0.01 µsec = 9.14 mM.
a) 46 M/s.
b) 959 M/s.
c)

9.59 x 108 M/s.

d) 4.6 x 107 M/s.

PRACTICE: Imagine that you’re setting up an experiment to measure the kinetics of an enzyme. Which option below
indicate reasons for why it’s important to measure the enzyme’s initial velocity immediately after starting the reaction?
a) To capture the velocity of the reaction in the microseconds before the [ES] has reached steady-state.
b) To measure the forward reaction velocity with a negligible contribution from the reverse reaction.
c) To isolate the effect of the enzyme from the uncatalyzed reaction.
d) To measure the velocity of the reaction with a known [E]T since enzymes are irreversibly destroyed during catalysis.
e) To measure the velocity of the reaction with a known [S] before it begins to change significantly over time.
f)

a, b and e.

g) b and e.
PRACTICE: In the graph below, why does the curve have a steep incline at first that gradually declines to a horizontal line?
a) Because the substrate becomes an inhibitor at high concentrations.
b) Because the substrate is able to stimulate the enzyme at low concentration.
c) Because the transition state complex is more unstable at low substrate concentrations.
d) Because the available enzyme is saturated with substrate at high enough concentrations.
e) Because the Gibbs free energy approaches zero at high substrate concentrations.
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CONCEPT: VMAX ENZYME
Maximum Reaction Velocity (Vmax)
●Vmax: the _______________ maximum reaction velocity at ∞ large [S] resulting from ______________ active sites.
□ Reaction velocities can ____________ Vmax but it can _________ actually be attained by any enzyme.
□ Recall: ________ velocity (V0) is the best chance a reaction has at approaching its maximum velocity (Vmax).
●Vmax acts as a horizontal _____________ to limit reaction velocity.
Vmax
[E]T = [___]

High [S]
Medium [S]

Low [S]

______
Enzymes saturated with substrate.

PRACTICE: In a Michaelis-Menten kinetics plot (V0 vs. [S]), what is the reason that the curve reaches a plateau and V0
cannot increase any further upon adding more substrate?
a) The enzyme becomes locked in an inactive conformation.

d) There is an inhibitor present.

b) Enzymes match rate of catalysis & rate of ES formation.

e) Vmax can only be attained by some enzymes.

c) The active site of all the enzymes are saturated with substrate.

f) Enzyme is locked in an inactive conformation.

Vmax can be Expressed with a Rate Law
●Recall: Vmax can only occur at saturating [___] where all available enzyme active sites are 100% full.
□ Under saturating [S], all available enzymes (ET) will be associated with substrate to form ES, so [E]T = [____].
●Vmax & [E]T relationship is expressed via substituting variables into the ______ _____ for the Product formation step.

Page 36

BIOCHEMISTRY - CLUTCH
CH. 6 - ENZYMES AND ENZYME KINETICS

CONCEPT: VMAX ENZYME
Vmax is Affected by [E]T
●The [E]T ____________ impacts the theoretical maximum reaction velocity (______).
□ The _____ the [E]T, the _____ the Vmax.
EXAMPLE: Analyze the graph and fill-in the blank below.

PRACTICE: V0 for an enzyme-catalyzed reaction:
a) Increase when pH increases.

c) Is limited by the [E].

e) b & c.

b) Is limited by the [S].

d) Is limited by the reaction’s slowest step.

f) b, c & d.

PRACTICE: What kind of kinetics is observed initially in an enzymatic reaction under conditions where [S] is saturating?
a) Cooperative kinetics.
b) First order kinetics.
c) Zero order kinetics.
d) Second order kinetics.
e) The system is at equilibrium and reaction proceeds equally in both directions.
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CONCEPT: KM ENZYME
●Michaelis Constant (_____): exact [substrate] at which V0 = _____ Vmax.
□ When [S] = Km, __________ (½) of all available enzyme active sites are full/occupied with substrate.
½[E]T = [___]

When [S] = Km,
50% of active sites are full.

●Km is an intrinsic property of an enzyme but can ___________ under different conditions (pH, temperature, solvent, etc).
PRACTICE: What is the initial velocity of a reaction when the concentration of substrate is set equal to the Km?
a) V0 is equal to Vmax.

c) The [S] is so low that V0 is negligible.

b) V0 is equal to one-half [S].

d) Not enough information to determine V0.

e) V0 = one-half Vmax.

Km Can Be Expressed with Rate Constants
●Recall: reaction rates (v) can be expressed by rate laws, which use rate _____________ (k) & there are _____ k initially.
□ Km is defined under steady-state conditions as a compilation of these 3 rate constants:

V0
PRACTICE: Select the best description of the Km.
a) Equal to the product concentration at initial reaction conditions.
b) Equal to the substrate concentration when the reaction rate is half its maximal value.
c) Equal to the ratio of the sum of the ES dissociation rate constants over the ES association rate constant.
d) More than one of the above are true.
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CONCEPT: KM ENZYME
Km Measures an Enzyme’s Affinity for its Substrate
●Km also defined as ratio of [E][S] over the [ES], which measures an enzyme’s binding ____________ for its substrate.
□ The _____ the Km, the _____ the binding affinity an enzyme has for that substrate.
□ Km only indicates affinity but does not necessarily indicate the “preference” an enzyme has for its substrate.
EXAMPLE: Which enzyme has the stronger affinity for its substrate?

a) Enzyme A.

b) Enzyme B

PRACTICE: According to the chart below, which one of the following enzymes has the strongest affinity for its substrate?
a) Lysozyme.
b) Penicillinase.
c) β-Galactosidase.
d) Chymotrypsin.
e) Carbonic anhydrase.
[E]T Does Not Affect the Km
●The Michaelis constant (Km) is an intrinsic _____________ of an enzyme that is independent of the [enzyme].
●When [S] = Km, ________ (½) of all available enzyme active sites are _____________, regardless of [E]T.
□ Recall: [E]T _________ both V0 and Vmax; HOWEVER, altering the [E]T does not affect the ______.
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CONCEPT: KM ENZYME
PRACTICE: Indicate which region of the Enzyme Kinetics plot below best corresponds to each statement.
A) Initial reaction velocity is limited mainly by the [S] present: ______
B) Initial reaction velocity limited mainly by the [E] present: ______
C) The active site of an enzyme is most likely free/unoccupied: ______
D) The active site of an enzyme is most likely occupied by substrate: ______
E) This region includes the points corresponding to Km & ½Vmax: ______

PRACTICE: Use the data in the following chart to determine the Km of the enzyme.
a) 1 mM.
b) 1,000 mM.

[Substrate]
(mM)

c) 2 mM.
d) 4 mM.
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CONCEPT: STEADY-STATE CONDITIONS
●During an enzyme-catalyzed reaction, the [____] quickly reaches a constant value (referred to as _________-state).
□ Steady-state is an important ______________ that Biochemists make when studying enzyme kinetics.
□ Pre-Steady-State: describes conditions that exist __________ the [ES] reaches a stable point.
Pre-Steady-State
●Initially, at the very beginning of an enzyme-catalyzed reaction, the following ___ conditions exist for just a few µ-seconds:
1) [S] is ________.

2) Free [E] is _____.

3) [ES] is _____.

4) [P] is _____.

●As the enzyme-catalyzed reaction begins, concentrations of substances above change in _____________ directions.
□ In the pre-steady-state, [ES] continuously ____________ until a period called steady-state is reached.

Steady-State Conditions
●___________-state: a period during an enzyme-catalyzed reaction where the [ES] stays the ________.
□ Rate of ES-complex association __________ the rate of ES-complex dissociation.
□ If [ES] remains _______________, that means that V1 = V-1 + V2
□ The Michaelis-Menten enzyme kinetics _____________ is derived from these steady-state conditions.

3

PRACTICE: True or false: A reaction system at steady-state must also be at equilibrium. a) True.

b) False.
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CONCEPT: STEADY-STATE CONDITIONS
Km Derived Under Steady-State Conditions
●Recall: Both the ______ & the Michaelis-Menten equation are derived/defined under steady-state conditions.

PRACTICE: The steady state assumption, as applied to enzyme kinetics, implies:
a) Km = Kd.

d) The Km is equivalent to the cellular substrate concentration.

b) Km = Ks

e) The maximum velocity (Vmax) occurs when the enzyme is saturated.

c) k-1 = k1 + k2.

f) The ES complex is formed and broken down at equivalent rates.

PRACTICE: Draw the curves that show the appropriate relationships between the variables in each of the plots below for a
simple enzyme-catalyzed reaction that follows Michaelis-Menten kinetics.
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CONCEPT: MICHAELIS MENTEN ASSUMPTIONS
●Leonor ______________ & Maud ___________ proposed a fundamental model to explain enzyme kinetics in 1913.
□ Proposed that it is necessary for an _____-complex to form during an enzyme-catalyzed reaction.
□ Canadian law did not give women the right to vote & language indicated only a man could be a “person.”
□ The Michaelis-Menten enzyme kinetics model/equation only works under a few simple _______________.

3 Michaelis-Menten Assumptions
●The Michaelis-Menten Equation is only derived under the following ____ assumptions:
1

[S] Assumption: (assume [S]T ≈ [S]): since [S] >>> [E]T, the [____] is negligible in comparison to [S].

2

V0 Assumption: only V0 is measured since ___________ reaction from ES  E + P (k-2) is ____________ early on.

3

Steady-State Assumption: the [ES] remains ___________, meaning that V1 = V-1 + V2.

EXAMPLE: Assumptions for Michaelis-Menten Kinetics.
3
2

1

PRACTICE: Which of the following options is not an assumption made in deriving the Michaelis-Menten equation?
a) The value of k-2 can be ignored.

c) The [E] is smaller than the [S].

b) The rate of ES formation = to rate of P formation.

d) a, b & c are all correct assumptions.

PRACTICE: Michaelis & Menten assumed that the initial reaction for an enzyme catalyzed reaction could be written as
shown:

. Using this, the rate/velocity of ES-complex breakdown can be expressed by:
a) k1 ([E]T – [ES]).

c) k2 [ES].

b) k1 ([E]T – [ES])[S].

d) k-1 [ES] + k2 [ES].
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CONCEPT: MICHAELIS-MENTEN EQUATION
●Michaelis-Menten (MM) Equation: mathematically describes the _________ rates (V0) of enzyme-catalyzed reactions.
□ Mathematically relates ______ to [___] via the Vmax & the _____.
●MM-equation describes the rectangular ___________ shape of the curve in a typical enzyme kinetics plot (V0 vs. [S]).
□ Equation for a rectangular hyperbola curve is:
□ MM-equation simply ______________ kinetics variables into the rectangular hyperbola equation.

EXAMPLE: Consider the following enzyme kinetics data for the enzyme catalyzed reaction of A à B.
V0

A) What is the Km of the enzyme? ______________

B) What is the value of V0 when [A] = 43.

PRACTICE: A) Suppose the [S] = 10Km. Use the Michaelis-Menten equation to determine what percentage of the Vmax will
be equal to the value of V0.

B) Now suppose the [S] = 20Km. Use the Michaelis-Menten equation to determine what percentage of the Vmax
will be equal to the value of V0. What conclusion can be made from these calculations?
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CONCEPT: MICHAELIS MENTEN EQUATION
PRACTICE: Which of the following statements about a V0 vs. [S] plot for a Michaelis-Menten enzyme is false?
a) As [S] increases, V0 also increases.
b) At very high [S], the curve becomes a horizontal line that intersects the y-axis at Km.
c) Km is the [S] at which V0 = ½ Vmax.
d) The shape of the curve is a hyperbola.

PRACTICE: What is the ratio of [S] to Km (
a) 1.

b) 2.

) when the V0 of an enzyme-catalyzed reaction is 80% of the Vmax?
c) 3.

d) 4.

e) 5.

PRACTICE: An enzyme-catalyzed reaction was carried out with a [substrate] initially 1000 times greater than the Km for
that enzyme. After 9 minutes, 1% of the total substrate was converted into 12 µmoles of product. If in a separate
experiment, one-third as much enzyme and twice as much substrate had been combined, how long would it take for the
same amount of product (12 µmoles) to be formed?
a) 1.5 min.

b) 13.5 min.

c) 27 min.

d) 3 min.

e) 6 min.

PRACTICE: An enzyme catalyzes a reaction at a velocity of 10 µmol/min when all enzyme active sites are occupied with
substrate. The Km for this substrate is 1 x 10-5 M. Assume that Michaelis-Menten kinetics are followed, calculate the initial
reaction velocity (V0) when:
A) [S] = 1 x 10-5 M. V0 = ___________

B) [S] = 1 x 10-2 M. V0 = ___________
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CONCEPT: LINEWEAVER BURK PLOT
Lineweaver-Burk Equation
●Michaelis-Menten Equation can be inverted & rearranged to obtain the Lineweaver-______ equation:
□ The Lineweaver-Burk equation resembles the equation of a ________: y = mx + b.

Lineweaver-Burk Plot
●Values for Vmax and Km can be obtained from a straight-line on a ________ reciprocal plot or a ____________-Burk plot.
□ ____________ of V0 (1/V0) and [S] (1/[S]) are plotted into a linear plot.
□ _______ of the line is the _______ of Km over Vmax (Km/Vmax).

PRACTICE: A Lineweaver-Burk plot is used to:
a) Determine the equilibrium constant for an enzymatic reaction.

c) Extrapolate the reaction rate at any [E].

b) Illustrate the effect of temperature on an enzymatic reaction.

d) Solve, graphically, for reaction rate at any [S].

Y & X-Intercepts of a Lineweaver-Burk Plot
●The most important data on a Lineweaver-Burk plot are the ______________ of the line.
□ Y-intercept = the ______________ of Vmax (1/Vmax) when x = 0.
□ X-intercept = the ______________ reciprocal of Km (-1/Km) when y = 0.
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CONCEPT: LINEWEAVER BURK PLOT
PRACTICE: To determine the Vmax from a Lineweaver-Burk plot you would:
a) Multiply the reciprocal of the x-axis intercept by -1.

c) Take the reciprocal of the x-axis intercept.

b) Multiply the reciprocal of the y-axis intercept by -1.

d) Take the reciprocal of the y-axis intercept.

PRACTICE: A Lineweaver-Burk plot generates a line with the following formula: y = 0.3x + 0.4. What is the Km?
a) 0.3

b) 0.4

c) 0.75

d) 2.5

PRACTICE: Consider the equation for the line on the following Lineweaver-Burk plot: y = 6x + 3
A) What is the Km for the corresponding enzyme?
a) -2 mM

b) 18 mM

c) 2 mM

d) 9 mM

B) What is the Vmax for the corresponding enzyme?
a) 0.333 mM/s

b) 9 mM/s

c) -6 mM/s

d) 18 mM/s

PRACTICE: Consider the following enzyme-catalyzed reaction A à B and suppose the enzyme kinetic data for this
reaction (shown in the chart below) is inverted and plotted onto a Lineweaver-Burk plot to obtain a straight line.
A) What is the value of the y-intercept of the line? ____________

B) What is the value of the x-intercept of the line? ____________
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CONCEPT: MICHAELIS-MENTEN VS LINEWEAVER BURK PLOTS
●Equations can’t be used if multiple variables are missing, but Vmax & Km can be determined ___________ via experiments.
●A Lineweaver-Burk plot provides some graphical _______________ over a Michaelis-Menten plot.
□ Michaelis-Menten plots can only _________________ Vmax and Km.
□ Lineweaver-Burk plots can _______ accurately determine Vmax and Km.

PRACTICE: Why is it preferable to use a Lineweaver-Burk over a Michaelis-Menten plot when studying enzyme kinetics?
a) To directly visualize Km & Vmax on the plot.
b) To plot kinetic data as a hyperbolic curve instead of a line.
c) To obtain a more accurate measure of the V0.
d) To remove terms that cannot be calculated in a typical enzyme kinetics experiment.
e) To get more accurate estimates of Km & Vmax.
PRACTICE: You measure V0 of an enzyme at 6 different [S] & plot the data on a Lineweaver-Burk plot. You then
determine the line of best fit to the data to visualize the x & y intercepts. Calculate the Vmax & Km of the enzyme. Hint: pay
close attention to the indicated units.

Vmax = __________ nM/min
Km = __________ µM
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CONCEPT: SHIFTING LINEWEAVER-BURK PLOTS
●Recall: the Lineweaver-Burk equation resembles the equation of a line:
□ Slope (m): when m = 0, the line is _____________ and increasing the slope (m) makes the line ____________.
□ y-intercept (b): Increasing b will _____________ the position where the line intersects the y-axis.
●The slope of a line on a Lineweaver-Burk Plot (

) cannot be _______ or have a ______________ value.

Visualizing Increases/Decreases to Km & Vmax
●Because x & y-axis in Lineweaver-Burk plots are ______________ (1/[S] and 1/V0), the [S] and V0 increase towards zero.
□ Note: y-intercept (b =

) occurs graphically at __________ (∞) [S].

EXAMPLE: Indicate which enzyme in each graph below has a greater Km & Vmax.

Enzyme A

Enzyme C
Enzyme D
Enzyme B

Km of Enzyme A is ____ Km of Enzyme B.
Vmax of Enzyme A is ____ Vmax of Enzyme B.

Km of Enzyme C is ____ Km of Enzyme D.
Vmax of Enzyme C is ____ Vmax of Enzyme D. Page 49
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CONCEPT: SHIFTING LINEWEAVER-BURK PLOTS
PRACTICE: Use the plot to the right. The Km of both enzymes for their substrate is:
a) 4 M
b) 2 M
c) 1 M
d) 0.5 M

PRACTICE: Suppose a company develops two enzymes that degrade highly toxic compounds to non-toxic compounds.
Your task is to degrade the greatest amount of toxic compound in the shortest amount of time.
A) Which enzyme is better to use when [S] = 0.167 mM? ____________
B) Which enzyme is better to use at saturating [S]? ____________

PRACTICE: Considering the Lineweaver-Burk plot below, which of the following enzymes would be better to use (converts
more substrate to product) when the [S] = 0.001 M?
a) Enzyme A.
b) Enzyme B.
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CONCEPT: CALCULATING VMAX
●Vmax can be calculated in ___________ ways.
1) Vmax calculated by algebraic _______________ of the Michaelis-Menten or Lineweaver-Burk equations.
EXAMPLE: Algebraically rearrange the Michaelis-Menten-equation to solve for Vmax.

_____________

Algebraic
Rearrangement

2) Vmax is ___________ proportional to both the product formation rate constant (k2) & the [E]T
□ Recall: Biochemists measure/plot the initial velocity (V0) of the product-formation step.
□ Recall: ________ reaction velocity (V0) has the best chance at approaching maximum velocity (Vmax).

EXAMPLE: Calculate the maximum reaction velocity (Vmax) of an enzyme if the Km = 7 mM and the initial reaction velocity
(V0) = 86.71 µM/sec when the [S] = 25 mM.
a) 2.31 x 102 M s-1.
b) 4.05 x 10-6 M s-1.
c) 1.11 x 10-4 M s-1.
d) 7.68 x 10-2 M s-1.
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CONCEPT: CALCULATING VMAX
PRACTICE: Suppose an enzyme (MW = 5,000 g/mole) has a concentration of 0.05 mg/L. If the kcat is 1 x 104 s-1, what is
the theoretical maximum reaction velocity for the enzyme?
a) 1050 µM/s.
b) 100 µM/s.
c) 150 µM/s.
d) 105 µM/s.
PRACTICE: For a Michaelis-Menten enzyme, what is the value of Vmax if at 1/10 Km, the V0 = 1 µmol/min.
a) 1.5 µmol/min.

b) 11 µmol/min.

c) 19 µmol/min.

d) 103 µmol/min.

e) 7 µmol/min.

PRACTICE: Carbonic anhydrase catalyzes the hydration of CO2. The Km of carbonic anhydrase for CO2 is 12 mM. The
initial velocity (V0) of the enzyme-catalyzed reaction was 4.5 µmole*mL-1*sec-1 when [CO2] = 36 mM. Calculate the Vmax of
carbonic anhydrase.
a) 8.1 x 102 M s-1.
b) 6 x 10-3 M s-1.
c) 2.5 x 10-4 M s-1.
d) 7.3 x 10-5 M s-1.

PRACTICE: Triose phosphate isomerase catalyzes the conversion of dihydroxyacetone phosphate (DHAP) to
glyceraldehyde-3-phosphate (G3P) during glycolysis; however, this is a reversible reaction. The Km of the enzyme for G3P
is 1.8 x 10-5 M. When [G3P] = 30 µM, the initial rate of the reaction (V0) = 82.5 µmole*mL-1*sec-1. Calculate the Vmax.
a) 0.493 M s-1.
b) 1.201 M s-1.

Triose Phosphate
Isomerase

c) 0.067 M s-1.
d) 0.132 M s-1.
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CONCEPT: CALCULATING KM
●Km can also be calculated in ___________ ways.
1) Km is also calculated by algebraic _______________ of the Michaelis-Menten or Lineweaver-Burk equations.
EXAMPLE: Algebraically rearrange the MM-equation to solve for Km.
Reciprocals

Algebraic
Rearrangement

2) Km: ratio of the sum of an ES-complexes’ two _____________ rates (k-1 & k2) over its association rate (k1).
□ Additionally, this also correlates with the ratio of [___][___] over [____].
□ Small Km means _______ ES-complex dissociation and ______ ES-complex formation.

V0
EXAMPLE: The following rate constants were measured for a simple enzyme-catalyzed reaction. Determine the Km.
k1 = 2 x 108 M-1s-1 ,

k-1 = 1 x 103 s-1 ,

k2 = 5 x 103 s-1

a) 3 x 10-5 M.
b) 2.5 x 10-2 M.
c) 3 x 105 M
d) 4.0 x 10-4 M.
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CONCEPT: CALCULATING KM
PRACTICE: To determine the Km from a Lineweaver-Burk plot you would:
a) Multiply the reciprocal of the x-axis intercept by -1.

c) Take the reciprocal of the x-axis intercept.

b) Multiply the reciprocal of the y-axis intercept by -1.

d) Take the reciprocal of the y-axis intercept.

PRACTICE: The Vmax for an enzyme is 9 mg/min. Calculate the Km if the [S] = 5 mM when the V0 = 3 mg/min.
a) 100 M.
b) 10 M.
c) 10 mg.
d) 10 mM.

PRACTICE: Calculate the Km of an enzyme using Michaelis-Menten kinetics if the forward rate constant for ES formation is
4.3 x 106 M-1s-1, the reverse rate constant for ES dissociation into E + S is 2.4 x 102 s-1, and the forward rate constant for ES
dissociation into E + P is 1.2 x 103 s-1.
a) 3.35 x 10-4 M-1.
b) 3.58 x 103 M.
c) 3.85 x 103 M-1.
d) 3.35 x 10-4 M.
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CONCEPT: KCAT
●Catalytic Constant (kcat): _______ constant for the rate-limiting-step (_________-step) of an enzyme-catalyzed reaction.
□ A reaction can’t go any faster than its slowest step, so kcat dictates ______, which only occurs at saturating [S].
□ For simple enzyme-catalyzed reactions, kcat = k2, (k2 = _________ formation rate constant).
EXAMPLE: Determine the rate law that uses kcat.

Calculating & Interpreting Kcat
●Both [E]T & Vmax must be known to ___________ kcat.
●kcat: max amount of __________ converted to product per second by one single enzyme molecule under saturating [S].
□ kcat is also called the _____________ number & has units of seconds-1 (s-1).
□ The ____________ of kcat (1/kcat): has units of seconds & represents time required for _____ catalytic event.

k

□ kcat alone is used to measure ______________ catalytic efficiency only under saturating [S].
________
of catalysis.

Turnover

EXAMPLE: What is the turnover number for carbonic anhydrase if Vmax = 60,000 M/s and [E]T = 0.1 M?
a) 1.67 x 10-6 s-1

b) 600,000 s-1

c) 0.08 s-1

d) 6,000 s-1

PRACTICE: To calculate the turnover number of an enzyme, you need to know:
a) Total enzyme concentration [E]T.

c) V0 of the catalyzed reaction at low [S].

b) V0 of the catalyzed reaction when [S] >> Km.

d) Km of the enzyme.

e) Both a & b.
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CONCEPT: KCAT
PRACTICE: If 10 µg of an enzyme (MW = 50,000 g/mol) is added to a solution containing a [substrate] 100 times greater
than the Km, it catalyzes the conversion of 75 µmol of substrate into product in 3 min. What is the enzyme’s turnover #?
a) 1.25 x 105 min-1.

b) 2.5 x 104 min-1.

c) 1.5 x 102 min-1.

d) 3.5 x 106 min-1.

Kcat vs Km
●Recall: kcat is a measure of the maximum ____________ efficiency of an enzyme under ______________ [S].
□ Km is a measure of the binding ___________ an enzyme has for its substrate.
□ Enzyme _____________to its substrate and enzyme ___________ are two completely separate events.

PRACTICE: Studies with mutated forms of an enzyme show that changing some active-site amino acids decrease the
enzyme’s turnover number (kcat) but do not affect the Km of the reaction. What is the best interpretation of these results?
a) The Km of the enzyme for the substrate does not depend on amino acid side chains found in the active site.
b) The two terms, Km and turnover number, are inversely proportional.
c) The transition state for this reaction is formed prior to the formation of the ES complex.
d) Amino acids involved in stabilizing transition-state complexes can be different than those affecting the ES-complex.

PRACTICE: The turnover number for an enzyme is known to be 5000 min-1. From the following set of data, determine both
the Km and the total amount of enzyme ET.
A) What is the Km of the enzyme?
a) 1 mM.

b) 2 mM.

c) 4 mM.

d) 1000 mM.

B) What is the total amount of enzyme?
a) 0.001 µM.

b) 0.01 µM.

c) 0.1 µM.

d) 10 µM.
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CONCEPT: SPECIFICITY CONSTANT
●Characterizing enzymes in a lab under saturating [S] is useful; HOWEVER, [S] are not always saturating.
□ Under _________________ conditions, the [S] _____ Km.
□ Also, saturating [S] does not allow us to account for _____ binding affinity since [E]T = [ES].
□ This means that maximal catalytic efficiency (kcat) at saturating [S] is not always the most relevant measure.
Ratio of Kcat to Km Measures Catalytic Efficiency at Low [S]
●______________ constant = the ratio of

= an enzyme’s “preference” for a substrate at ______-saturating or low [S].

□ Substrate “preference” is determined by catalytic efficiency, but depends on [___] (saturating or non-saturating).
□ Recall: chymotrypsin has a “preference” for which amino acids it recognizes for cleavage.
●Ratio of

is another measure of catalytic _____________ when an enzyme is not saturated with substrate.

□ Ratio accounts for both max catalytic efficiency (kcat) and E ___________ for S (Km).
□ Larger ratios represent __________ efficient enzymes and therefore higher preference for S at low [S].
□ Max value of

≈ 109 M-1s-1.
Enzyme ______________ for S
&
Catalytic efficiency at ______ [S]

Enzyme preference for S
&
______ catalytic efficiency ONLY at saturating [S]

Enzyme __________ for substrate.

PRACTICE: Use the data in the chart below to provide answers to the following problems:
A) List the substrates from most preferred to least preferred under physiological conditions.
a) B, A, C.

b) C, B, A.

c) B, C, A.

d) A, C, B.

B) List the substrates from most preferred to least preferred under saturating [S].
a) B, A, C.

b) C, B, A.

c) B, C, A.

d) A, C, B.
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CONCEPT: SPECIFICITY CONSTANT
Diffusion-Controlled Limit of Specificity Constant
●The ______ value of the

ratio is limited by k1 (E + S ____________ rate constant).

□ E + S association occurs via ____________ & can only proceed as fast as the max rate of diffusion in solvent.
□ Therefore, the max values of k1 and

are equal to the max rate of diffusion in H2O ≈ _____ M-1s-1.

●Catalytically ____________ Enzyme: an enzyme whose

is equal to this diffusion-controlled max value.

PRACTICE: Which of the following options is correct concerning the turnover number (kcat) and the specificity constant?
a) kcat reveals how well an enzyme works & its preference for S.

d) kcat = Vmax/[ES].

b) Specificity constant is defined as (kcat)(Km).

e) Specificity constant is defined as Km / kcat.

c) A large kcat indicates a less efficient enzyme.

f) A small Km indicates a more efficient enzyme.

PRACTICE: Use the Lineweaver-Burk plot to help you calculate the Vmax, kcat, Km and specificity constant for the enzyme.
Assume the [E]T = 2.9 nM. Hint: Pay close attention to units. Vmax = ___________.

kcat = ___________.

Km = ___________.

kcat / Km = ___________.
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CONCEPT: SPECIFICITY CONSTANT
PRACTICE: Explain the steps you could take to accurately find the Km, Vmax, and specificity constant for an enzyme from
the following kinetic data, assuming the experiments were all done with [E]T = 0.1 mM.
Step #1: ___________________________________________
Step #2: ___________________________________________
Step #3: ___________________________________________
Step #4: ___________________________________________
Step #5: ___________________________________________

PRACTICE: The specificity constant is obtained at low [S] via variable substitution into the Michaelis-Menten equation
(Vmax = kcat[E]T). Considering this about the MM-equation, what is the relationship between changes in [S] & V0 when the
[S] is super small and well below the Km?
a) The [S] term cancels out completely in this equation, so there is no effect of changing substrate concentration.
b) The [S] term in the numerator is negligible, so there is no impact of changing substrate concentration.
c) Because the enzyme has reached Vmax, there is no effect of changing substrate concentrations on enzyme velocity.
d) [S] term in the denominator is negligible compared to Km, so the relationship between [S] & V0 is directly proportional.
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