Patrick: An Introduction to Medicinal Chemistry 3e

Chapter 04: Proteins as drug targets: enzymes

Type: multiple choice question
Title: Chapter 04- Question 01

01) Which of the following statements is not true regarding the active site of an enzyme?


Feedback: An active site is normally a hollow or cleft on the surface of an enzyme, rather than the surface itself. 

Page reference: 42

*a. An active site is normally on the surface of an enzyme.

b. An active site is normally hydrophobic in nature.

c. Substrates fit into active sites and bind to functional groups within the active site.

d. An active site contains amino acids which are important to the binding process and the catalytic mechanism.

Type: multiple choice question
Title: Chapter 04- Question 02

02) What term is used for an enzyme binding site which affects the activity of the enzyme, but is not involved in the reaction catalysed by the enzyme?

Feedback: The allosteric binding site affects the activity of an enzyme, depending on whether it is occupied by a ligand or not. It is distinct from the active site where the enzyme catalysed reaction takes place. The terms secondary binding site and inhibitory binding site do not exist.

Page reference: 48

a. Active site

*b. Allosteric binding site

c. Secondary binding site

d. Inhibitory binding site

Type: multiple choice question
Title: Chapter 04- Question 03

03) What term is used to describe an enzyme binding site where a reaction is catalysed?

Feedback: The allosteric binding site affects the activity of an enzyme, depending on whether it is occupied by a ligand or not. It is distinct from the active site where the enzyme catalysed reaction takes place. The terms secondary binding site and inhibitory binding site do not exist.

Page reference: 48

a. Active site

*b. Allosteric binding site

c. Secondary binding site

d. Inhibitory binding site

Type: multiple choice question
Title: Chapter 04- Question 04

04) Which of the following descriptions best describes a competitive enzyme inhibitor?

Feedback: A competitive or reversible inhibitor is in equilibrium between the enzyme-bound state and the unbound state. Therefore, increasing the substrate concentration will allow the substrate to compete for active site occupancy. This will result in a decrease in inhibition.

‘A drug that binds to an active site and undergoes a reaction’: incorrect since this describes a substrate. 

‘A drug that binds to an active site and inhibits the enzyme, but which is not displaced by increasing the concentration of substrate’: incorrect since this describes a non-competitive or irreversible inhibitor. 

‘A drug that binds to a different binding site from the active site and affects the activity of the enzyme’: incorrect.  This describes an allosteric inhibitor.  

Page reference: 52

a. A drug that binds to an active site and undergoes a reaction. 

*b. A drug that binds to an active site and inhibits the enzyme, but which is displaced by increasing the concentration of substrate.

c. A drug that binds to an active site and inhibits the enzyme, but 
which is not displaced by increasing the concentration of substrate.

d. A drug that binds to a different binding site from the active site and affects the activity of the enzyme.

Type: multiple choice question
Title: Chapter 04- Question 05

05) Which of the following descriptions best describes an allosteric inhibitor?

Feedback: An allosteric inhibitor binds to a binding site which is separate from the active site. Binding causes an induced fit which alters the shape of the active site and affects substrate recognition and enzyme activity. 

‘A drug that binds to an active site and undergoes a reaction’ is wrong since this describes a substrate. The other options are wrong since these describe inhibitors that bind directly to the active site. 

Page reference: 54

a. A drug that binds to an active site and undergoes a reaction.

b. A drug that binds to an active site and inhibits the enzyme, but 
which is displaced by increasing the concentration of substrate.

c. A drug that binds to an active site and inhibits the enzyme, but 
which is not displaced by increasing the concentration of substrate.

*d. A drug that binds to a different binding site from the active site and affects the activity of the enzyme.

Type: multiple choice question
Title: Chapter 04- Question 06

06) Which of the following terms refers to the process by which a substrate binds to an active site and alters the shape of that active site?

Feedback: An induced fit is a consequence of the binding interactions taking place between a substrate and the active site. The term moulded fit does not exist. The lock and key theory is an older theory where it was proposed that the active site was already the correct shape for its substrate. 

Page reference: 54

a. Moulded fit

b. Intermolecular bonding

*c. Induced fit

d. Lock and key theory

Type: matching question
Title: Chapter 04 - Question 07

07) Identify an amino acid in an active site whose residue could bind a drug principally by 

Feedback: Threonine has a hydroxyl group which can take part in hydrogen bonding. Glutamate is the ionised form of glutamic acid and can take part in ionic interactions.  Phenylalanine has an aromatic ring in its side chain that can interact by van der Waals interactions. Tyrosine has an aromatic ring that can interact by van der Waals interactions, and a phenol that can interact by hydrogen bonding. 
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a. Hydrogen bonding   = Threonine

b. Ionic bonding = Glutamate

c. Van der Waals interactions = Phenylalanine

d. Hydrogen bonding and van der Waals bonding = Tyrosine

Type: multiple choice question
Title: Chapter 04- Question 08

08) Which of the following descriptions best describes a cofactor?

Feedback: A cofactor is a non-protein substance required by an enzyme to function properly. This term covers both organic molecules and metal ions. 

‘A non-protein organic molecule that is required by some enzymes in order to catalyse a reaction on a substrate’: this describes a co-enzyme. 

‘A non-protein organic molecule that is bound covalently to the active site of an enzyme, and which is required if the enzyme is to catalyse a reaction on a substrate’: this describes a prosthetic group. 

‘A compound which is bound to the active site and undergoes a reaction’: this describes a substrate.

Page reference: 47

*a. A non-protein substance that is required by an enzyme if it is to catalyse a reaction. 

b. A non-protein organic molecule that is required by some enzymes in order to catalyse a reaction on a substrate

c. A non-protein organic molecule that is bound covalently to the active site of an enzyme, and which is required if the enzyme is to catalyse a reaction on a substrate.

d. A compound which is bound to the active site and undergoes a reaction

Type: multiple choice question
Title: Chapter 04- Question 09

09) Which of the following descriptions best describes a coenzyme?

Feedback: A coenzyme is a non-protein, organic substance required by an enzyme to function properly.  

‘A non-protein substance that is required by an enzyme if it is to catalyse a reaction’: this describes a cofactor and is a more general term that includes co-enzymes. 

‘A non-protein organic molecule that is bound covalently to the active site of an enzyme, and which is required if the enzyme is to catalyse a reaction on a substrate’: this describes a prosthetic group. 

‘A compound which is bound to the active site and undergoes a reaction’: this describes a substrate.

Page reference: 47

a. a non-protein substance that is required by an enzyme if it is to catalyse a reaction. 

*b. a non-protein organic molecule that is required by some enzymes in order to catalyse a reaction on a substrate

c. a non-protein organic molecule that is bound covalently to the 
active site of an enzyme, and which  is required if the enzyme is to catalyse a reaction on a substrate.

d. a compound which is bound to the active site and undergoes a reaction

Type: multiple choice question
Title: Chapter 04- Question 10

10) Which of the following descriptions best describes a prostehtic group?

Feedback: 

‘A non-protein substance that is required by an enzyme if it is to catalyse a reaction’ describes a cofactor. 

‘A non-protein organic molecule that is required by some enzymes in order to catalyse a reaction on a substrate’ describes a co-enzyme. 

‘A compound which is bound to the active site and undergoes a reaction’ describes a substrate.

Page reference: 47

a. A non-protein substance that is required by an enzyme if it is to catalyse a reaction. 

b. A non-protein organic molecule that is required by some enzymes in order to catalyse a reaction on a substrate.

*c. A non-protein organic molecule that is bound covalently to the active site of an enzyme, and which  is required if the enzyme is to catalyse a reaction on a substrate.

d. A compound which is bound to the active site and undergoes a reaction.

Type: multiple choice question
Title: Chapter 04- Question 11

11) Which of the following descriptions best describes a substrate?

Feedback: ‘A non-protein substance that is required by an enzyme if it is to catalyse a reaction’ describes a cofactor. ‘A non-protein organic molecule that is required by some enzymes in order to catalyse a reaction on a substrate’ describes a co-enzyme.  ‘A non-protein organic molecule that is bound covalently to the active site of an enzyme, and which  is required if the enzyme is to catalyse a reaction on a substrate’ describes a prosthetic group.

Page reference: 56

a. A non-protein substance that is required by an enzyme if it is to catalyse a reaction. 

b. A non-protein organic molecule that is required by some enzymes in order to catalyse a reaction on a substrate.

c. A non-protein organic molecule that is bound covalently to the active site of an enzyme, and which  is required if the enzyme is to catalyse a reaction on a substrate.

*d. A compound which is bound to the active site and undergoes a reaction.

Type: multiple choice question
Title: Chapter 04- Question 12

12) Consider the following enzyme catalysed reaction carried out on glycogen. What is the product? 
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Feedback: Glycogen is the substrate for this reaction. Adrenaline is a hormone that can trigger a cascade of cellular events that will eventually activate phosphorylase a. AMP acts as an enzyme modulator to directly activate the enzyme. Glucose is the structure formed if the phosphate group is hydrolysed from glucose-1-phosphate.

Page reference: 50

*a. Glucose-1-phosphate

b. Adrenaline

c. Glucose

d. AMP

Type: multiple choice question
Title: Chapter 04- Question 13

13) Consider the following enzyme catalysed reaction. What is the substrate?
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Feedback: Glycogen is the substrate for this reaction. Phosphorylase a is the enzyme. AMP acts as an enzyme modulator to directly activate the enzyme. Glucose-1-phosphate is the product.

Page reference: 50

a. Glucose-1-phosphate

b. Phosphorylase a
*c. Glycogen

d. AMP

Type: multiple choice question
Title: Chapter 04- Question 14

14) Consider the following enzyme catalysed reaction. What is the enzyme?
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Feedback: Glycogen is the substrate for this reaction. Phosphorylase a is the enzyme. AMP acts as an enzyme modulator to directly activate the enzyme. Glucose-1-phosphate is the product.

Page reference: 48

a. Glucose-1-phosphate

*b. Phosphorylase a
c. Glycogen

d. AMP

Type: multiple choice question
Title: Chapter 04- Question 15

15) Consider the following enzyme catalysed reaction. What is the enzyme modulator that activates the enzyme?

[image: image4.png]NP

Ghcose Lphosghad®

Oycogan





Feedback: Glycogen is the substrate for this reaction. Phosphorylase a is the enzyme. AMP acts as an enzyme modulator to directly activate the enzyme. Glucose-1-phosphate is the product.

Page reference: 48

a. Glucose-1-phosphate

b. Phosphorylase a
c. Glycogen

*d. AMP

Type: multiple choice question
Title: Chapter 04- Question 16

16) Consider the following enzyme catalysed reaction. What sort of enzyme is involved?
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Feedback: The reaction shown is a phosphorylation and so the enzyme involved is a phosphorylase. Esterases catalyse the hydrolysis of esters. Ligases catalyse the joining of two substrates. Transferases catalyse group transfer reactions.

Page reference: 48

a. Esterase

*b. Phosphorylase 

c. Ligase

d. Transferas

Type: multiple choice question
Title: Chapter 04- Question 17

17) Consider the following enzyme catalysed reaction.  What chemical messenger triggers a cascade of cellular event that eventually activates the enzyme involved in this reaction?
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Feedback: Adrenaline is a hormone that can trigger the signalling cascade. The other agents mentioned are neurotransmitters which do not have an affect on this reaction. 

Page reference: 48

a. Acetylcholine

b. Noradrenaline

c. Serotonin

*d. Adrenaline

Type: matching question
Title: Chapter 04 - Question 18

18) Identify A-D in the following reaction.
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Feedback: Nitrous oxide activates cyclase enzymes to generate the secondary messenger cyclic GMP from GTP. 

Page reference: 51

a. A = Guanosine triphosphate

b. B = Nitric oxide

c. C = Cyclase

d. D = Cyclic GMP

Type: matching question
Title: Chapter 04 - Question 19

19) Identify A-D in the following diagram
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Feedback: Arginine contains a guanidine functional group that provides the nitrous oxide that is eventually formed in this reaction. The enzyme NO synthase converts arginine to citrulline in two steps with release of nitrous oxide.
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a. A = Arginine

b. B = NO synthase

c. C = Citrulline

d. D = Nitric oxide

Type: multiple choice question
Title: Chapter 04- Question 20

20) Which of the following is not true of suicide substrates?

Feedback: Suicide substrates form covalent bonds with the active site of the target enzyme and so act as irreversible inhibitors. When the enzyme binds the drug, the catalytic mechanism activates the suicide substrate and a strong covalent bond is formed between the drug and the active site. The drug is now permanently linked to the active site and causes irreversible inhibition. The enzyme ultimately commits suicide by binding to the suicide substrate.

Page reference: 56-58

a. They are activated by the enzyme catalysed reaction mechanism.

*b. They react reversibly with the enzyme.

c. They form a covalent bond with the active site once activated.

d. They are so called because they cause the target enzyme to commit suicide by reacting with them. 

Type: multiple choice question
Title: Chapter 04- Question 21

21) Which of the following statements is not true regarding the active site of an enzyme?

Feedback: An active site is normally hydrophobic in nature, not hydrophilic. Nevertheless, there are usually hydrophilic amino acids present which are important in binding the substrate in the active site.

Page reference: 42-43

a. An active site is normally a hollow or cleft on the surface of an enzyme.

*b. An active site is normally hydrophilic in nature.

c. Substrates fit into active sites and bind to functional groups within the active site.

d. An active site contains amino acids which are important to the binding process and the catalytic mechanism.

Type: multiple choice question
Title: Chapter 04- Question 22

22) Which statement best describes the relevance of an allosteric binding site to medicinal chemistry?

Feedback: Designing drugs to interact with allosteric binding site allows a method of regulating enzyme activity, other than using inhibitors which bind to the active site.

Allosteric binding sites cannot be said to be more or less hydrophobic than active sites. Each binding site is different in that respect, regardless of whether it is an active site or an allosteric binding site. There is also no reason to suppose that allosteric binding sites should be capable of binding a wider variety of drug structures than an active site.  The answer ‘drugs can be designed based on the transition state of the enzyme catalysed reaction ‘ is wrong since this refers to drugs which bind to the active site and not the allosteric binding site.

Page reference: 48-50, 54

a. It is more hydrophobic than normal binding sites and accepts hydrophobic drugs in preference to hydrophilic drugs.

b. A larger variety of drug structures will bind to the allosteric cite than the active site. 

*c. Drugs can be designed based on the structure of the endogenous chemicals which bind to allosteric sites and control enzyme activity.

d. Drugs can be designed based on the transition state of the enzyme catalysed reaction.

Type: multiple choice question
Title: Chapter 04- Question 23

23) Identify the kind of bonding forces which are typically involved in binding a drug to an enzyme’s active site.

Feedback: The active sites of different enzymes vary in the relative number of ionic interactions, hydrogen bonds and van der Waals interactions that are used to bind the substrate.

Page reference: 43-44

a. Predominantly van der Waals interactions.

b. Predominantly ionic bonds.

c. Predominantly hydrogen bonds.

*d. A combination of all of the other answers.

Type: matching question
Title: Chapter 04 - Question 24

24) Identify an amino acid in an active site whose residue could bind a drug, principally by:

Feedback: Serine has a hydroxyl group which can take part in hydrogen bonding. Aspartic acid has a residue containing a carboxylic acid group that can take part in ionic interactions if it is ionised.  Valine has an alkyl side chain that can interact by van der Waals interactions. Glycine has no residue available for bonding interactions. 

Page reference: 30, 43-44

a. Hydrogen bonding = Serine

b. Ionic bonding = Aspartic acid

c. Van der Waals interactions = Valine

d. None of the above = Glycine

Type: multiple choice question
Title: Chapter 04- Question 25

25) Which of the following descriptions is most accurate regarding binding sites and binding regions?

Feedback: A binding region is part of the binding site and is capable of forming a specific binding interaction with a drug. The binding region may contain a particular functional group that can participate in a hydrogen bond or an ionic bond. Alternatively, it may be hydrophobic in nature and interact by van der Waals interactions.

Page reference: 9-10

*a. A binding site is part of a binding region.

b. A binding region is part of a binding site.

c. A binding region is the same as a binding site.

d. A binding region is part of a drug whereas a binding site is part of a macromolecular target.

Type: multiple choice question
Title: Chapter 04- Question 26

26) Which of the following amino acids commonly acts as a nucleophilic group in enzyme catalysed reaction mechanisms?

Feedback: Serine has a hydroxyl functional group that is frequently involved as a nucleophile in enzyme catalysed reactions. Cysteine is another amino acid that is commonly present as a nucleophile in enzyme active sites. 

Phenylalanine and valine are more likely to be involved in binding interactions. Histidine is commonly present as an acid-base catalyst.

Page reference: 46-47

*a. Serine

b. Phenylalanine

c. Histidine

d. Valine

Type: multiple choice question
Title: Chapter 04- Question 27

27) Which of the following amino acids acts as a nucleophilic group in enzyme catalysed reaction mechanisms?

Feedback: Cysteine has a thiol functional group that is frequently involved as a nucleophile in enzyme catalysed reactions. Serine is another amino acid that is commonly present as a nucleophile in enzyme active sites. 

Threonine, tyrosine and glutamine are more likely to be involved in binding interactions. 

Page reference: 46-47

a. Threonine

b. Tyrosine

*c. Cysteine

d. Glutamine

Type: multiple choice question
Title: Chapter 04- Question 28

28) Which of the following amino acids acts as an acid-base catalyst in enzyme catalysed reaction mechanisms?

Feedback: Histidine is a weak base that can equilibrate between a protonated, ionised form and a non protonated free base. It is, therefore, well placed to act as an acid-base catalyst.

Phenylalanine, serine and tryptophan can all be involved in substrate binding, while serine may act as a nucleophile.
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a. Serine

b. Phenylalanine

*c. Histidine

d. Tryptophan

Type: multiple choice question
Title: Chapter 04- Question 29

29) From which amino acid is nitrous oxide generated?

Feedback: Arginine contains a guanidine functional group that provides the nitrous oxide. The enzyme NO synthase converts arginine to citrulline with release of nitrous oxide.

Page reference: 51

*a. Arginine

b. Aspartic acid

c. Asparagine

d. Lysine

Type: multiple choice question
Title: Chapter 04- Question 30

30) What term is used for enzymes such as COX-1 and COX-2 which vary in structure and location but which catalyse the same reaction?

Feedback: Isozymes is the Correct term. Isosteres are chemical moieties that have similar size, shape and valency. Isotopes are elements having the same number of protons, but a different number of neutrons. Isomers are molecules with the same molecular formula but differ in the way the atoms and bonds are linked together or are orientated with respect to each other.

Page reference: 50, 59

a. Isosteres

*b. Isozymes

c. Isotopes

d. Isomers

Type: multiple choice question
Title: Chapter 04- Question 31

31) Which of the following statements is true with respect to the Michaelis constant?

Feedback: The Michaelis constant is determined by measuring how the enzyme catalysed rate of reaction is affected by substrate concentration. Inhibitors are not involved and so the answers it is equal to the concentration of inhibitor at which the reaction rate is half of its maximum value and it is equal to the concentration of inhibitor at which the reaction rate is zero are invalid. The Michaelis constant is the concentration of substrate at which the rate of reaction is half of its maximum value.

Page reference: 62

*a. It is equal to the concentration of substrate at which the reaction rate is half of its maximum value.

b. It is equal to the concentration of inhibitor at which the reaction rate is half of its maximum value.

c. It is equal to the concentration of substrate at which the reaction rate is at its maximum value.

d. It is equal to the concentration of inhibitor at which the reaction rate is zero.

Type: multiple choice question
Title: Chapter 04- Question 32

32) What type of plots can be used to determine whether an enzyme inhibitor is competitive or non-competitive?

Feedback: Michaelis-Menten plots are used to study how the enzyme catalysed rate of reaction is affected by substrate concentration. Schild plots are used to study the effect of antagonists on receptors. Displacement curves are used to measure IC50 values for receptor antagonists.

Page reference: 61-63

a. Michaelis-Menten plots

b. Schild plots

c. Displacement plots

*d. Lineweaver Burk plots
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