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Chapter 2

Biomolecules in Water

1. A recent discovery demonstrated that water molecules are transported through membranes via protein channels called _______.

Ans:  aquaporins

Link to:  Introduction

Difficulty:  Medium

2. In the reaction between a ligand (L) and a molecule (M) to form a complex (LM), the complex is held together by ________ interactions.

Ans:  noncovalent

Link to:  2.1

Difficulty:  Medium

3. Clustering of nonpolar groups is observed in ________ interactions.

Ans:  hydrophobic

Link to:  2.1

Difficulty:  Easy

4. As temperature increases, the number of hydrogen bonds between water molecules ______.

Ans: decreases

Link to:  2.2

Difficulty:  Medium

5. Like ionic molecules, polar molecules are soluble in water, and considered  _______.

Ans:  hydrophilic

Link to:  2.2

Difficulty:  Easy

6. A micelle that forms in water will contain hydrophobic “tails” on the _____ of the spherical structure.

Ans:  inside

Link to:  2.2

Difficulty:  Medium

7. Complete this reaction: 2 ______ <=> H3O+ + OH-
Ans:  H2O

Link to:  2.3

Difficulty:  Easy

8. A pK can be observed on a ________ curve.

Ans:  titration

Link to:  2.3

Difficulty:  Easy

9. H3PO4 is an example of a  _______ acid.

Ans:  polyprotic

Link to:  2.3

Difficulty:  Medium

10. A metabolic state of ketosis is achieved during some low-carbohydrate diets. This causes an ____ in the blood pH.

Ans: increase

Link to:  Window on Biochemistry 2-1

Difficulty:  Medium

11. An anabolic steroid is likely to be ______ (more or less) soluble than a drug with polar characteristics.

Ans:  less

Link to:  2.3

Difficulty:  Medium

12. Some drugs are sold as their water soluble ______ form.

Ans:  salt

Link to:  2.3

Difficulty:  Easy

13. The effective buffering range for a weak acid or base is approximately   _____ pH unit above and below the Ka.

Ans:  one

Link to:  2.4

Difficulty:  Easy

14. The carbon dioxide in the lungs is equilibrated with the carbon dioxide in the  ______.

Ans:  blood

Link to:  2-1 Window on biochemistry

Difficulty:  Easy

15. Acetylsalicylic acid is hydrolyzed to  ________ and CH3COOH.

Ans:  salicylic acid

Link to:  Biochemistry in the Clinic 2-1

Difficulty:  Medium

16. What significant roles does water play  in biochemistry?

a) Water is a participant in many reactions, all biomolecules are soluble in water,  and water helps regulate pH and temperature.

b) Water is a participant in many reactions, water is an important solvent, and water helps regulate pH and temperature.

c) Water is a participant in many reactions, water is an important solvent, and water helps regulate pressure and temperature.

d) Water is a participant in all reactions, all biomolecules are soluble in water, and water helps regulate pressure and temperature.

e) None of the above are true

Ans:  b

Link to:  Introduction

Difficulty:  Medium

17. Carbon dioxide has no dipole moment because it is:

a) polar.

b) a radical.

c) linear.

d) bent.

e) oxidized.

Ans:  c

Link to:  2.1

Difficulty:  Medium

18. Hydrogen bonding is observed in which of the following complexes?

a) DNA base-pair formation

b) between polypeptide chains

c) in the binding of Na+ to Cl-

d) a and b

e) a, b and c

​
Ans: d

Link to:  1.2

Difficulty:  Medium

19. Molecules with dual properties, possessing regions of both nonpolar and ionic character, are called:

a) amphiphilic

b) hydrophobic

c) nonpolar

d) lipids

e) liposomes

Ans:  a

Link to:  2.2

Difficulty: Easy

20. The [H+] concentration in lemon juice (pH 2.3) is approximately:

a) 2.3 x 102

b) 1.0 x 102.3
c) 5 x 10-3

d) 1.0 x 10-2.3
e) 5 x 103

Ans: c

Link to:  2.3

Difficulty:  Medium

21. Which of the following   molecules is the strongest acid?

a) formic acid, Ka = 1.78 x 10-4
b) lactic acid Ka = 1.38 x 10-4
c) carbonic acid Ka = 5.62 x 10-11
d) ammonium ion Ka = 5.62 x 10-10
e) phosphoric acid Ka = 7.25 x 10-3
Ans: e

Link to:  2.3

Difficulty: Medium

22. What is the ratio of acetic acid to acetate at pH 5.76? The  pK value is 4.76

a) 1:10

b) 2:1

c) 10:1

d)  1:1

e) none of the above

Ans: a

Link to:  2.3

Difficulty:  Difficult

23. How much NaOH needs to be added to one liter of a 2 M solution of  glycine to obtain a solution that has equivalent amounts of NH3+CH2COOH  and NH3+CH2COO-?

a) 0.5 mole

b) 1.0 mole

c) 0.75 mole

d) 2.0 mole

e) 0 mole

Ans:  b

Link to:  2.3

Difficulty:  Difficult

24. Which of the following pairs of Ka  and pKa values is incorrect?

a) 1.78 x 10-4 , 3.75

b) 3.16 x 10-3 , 2.50

c) 5.62  x 10-10, 9.25

d) 6.31 x 10-8,   7.20

e) 1.38 x 10–4,  5.86

Ans: e

Link to:  2.3

Difficulty:  Difficult

25. Which of the following statements about H2PO3- is true?

a) It can donate a proton.

b) It can accept a proton.

c) It can donate or accept a proton.

d) It can accept one or donate two protons.

e) It cannot donate or accept protons.

Ans: d

Link to:  2.3

Difficulty: 

26. The polyprotic molecule aspartic acid, with three ionizable acidic side-chains, has _______ potential buffering regions.

a) zero

b) one

c) two

d) three

e) four

Ans:  d

Link to:  2.3

Difficulty:  Medium

27. The polyprotic molecule aspartic acid, with three ionizable acidic side-chains, can be written in ______ distinct ionic forms over the range of the titration curve.

a) two 

b) three

c) four

d) one

e) five

Ans: c

Link to:  2.3

Difficulty: Medium

28. The end point for titration of acetic acid could be achieved by adding ______ moles of NaOH to _______ moles of acetic acid.

a) 1,1

b) 1, 0.5

c) 0.5,1.0

d) acetic acid can not be titrated using NaOH

e) acetic acid does not have an end point

Ans: a

Link to:  2.3

Difficulty: Easy

29. The “Good” synthetic buffers include:

a) citric acid and acetic acid

b) sodium citrate and TRIS

c) TRIS and CHAPS

d) phosphoric acid and HEPES

e) carbonic acid and phosphoric acid

Ans: c

Link to:  2.4

Difficulty:  Medium

30. Which of the following reactions accurately depicts the role of CO2 for replenishing H2CO3 in the blood?

a) CO3   lungs <-> CO2 (blood); CO2  (blood) + H2O <-> H2CO3 <-> HCO3- + H+
b) CO2   lungs <-> CO2 (blood); CO2  (blood) + H2O <-> H2CO3 <-> HCO3- + H+
c) CO2   lungs <-> CO2 (blood); CO2  (blood) + H2O <-> H2CO3- <-> HCO3- + H+
d) CO2   lungs <-> CO2 (blood); CO2  (blood) + H2O <-> H3CO3 <-> HCO3- + H+
e) none of the above are correct

Ans: b

Link to:  2-1 Windows on Biochemistry

Difficulty: Difficult

31. What properties of noncovalent interactions are particularly important in the mechanisms of drugs inhibiting biochemical interactions?

Ans:  Noncovalent interactions typically demonstrate three characteristics: They are relatively weak, reversible and specific. A drug binding to an enzyme or receptor is typically reversible, so that the biomolecules is not rendered permanently inactive, which could cause problems in the pathway.  It is also important that the binding interaction be highly specific, thus limiting unwanted side reactions.

Link to:  2.1

Difficulty:  Difficult

32. Why are molecules such as NaCl soluble in water?

Ans:  The individual ions are hydrated, or solvated, by the water molecules. This very strong attraction prevents the individual ions from recombining, which would cause the salt complex to precipitate out of solution.

Link to:  2.2

Difficulty:  Medium

33. What forms of acetic acid are observed at pH 1 and at pH 8?

Ans: At very low pH the acetic acid is protonated (CH3COOH), whereas at high pH the form is deprotonated (CH3COO-).

Link to:  2.3

Difficulty:  Difficult

34. Why would the Henderson-Hasselbalch equation be useful for making buffers in the laboratory? What is the equation?

Ans: Buffers for experiments must have a specific pH value. It is easier to make a buffer by using the equation to determine the proper ratios of acid and conjugate base to use to obtain the proper pH value in the solution. The equation is pH = pK + log ([A-]/[HA])

Link to:  2.3

Difficulty:  Difficult

35. What considerations about solubility are used in designing drugs?

Ans: Most compounds used to treat disease must be soluble in water. Therefore, as the drug is designed, researchers try to incorporate features that will allow the drug to be solubilized and transported to its site of action.

Link to:  2.3

Difficulty:  Medium

36. Would you expect a compound that has a pKa value of about 4 to have the same net charge in the stomach and in the bloodstream? Is this important?

Ans: A compound with a pKa near 4 would be protonated in the stomach, and deprotonated in the blood stream. This would be important in determining its solubility, as well as its ability to be transported across membranes and would  likely affect its activity.

Link to:  2.3

Difficulty:  Difficult

37. Vinegar is a dilute solution of acetic acid. Knowing this, explain why bubbles form when vinegar is poured into baking soda (sodium bicarbonate, NaHCO3).

Ans: The vinegar contains acetic acid and water, and the NaHCO3 dissolves in the water, forming sodium acetate and H2CO3. The H2CO3 dissociates into carbon dioxide gas (bubbles) and  water.
Link to:  2.3

Difficulty:  Difficult

38. How is blood pH maintained by the carbonate buffering system?

Ans: The carbon dioxide in lungs is equilibrated with the carbon dioxide in blood, and can replenish the CO2 in blood. The carbon dioxide in blood  interacts wth water to form H2CO3, which deprotonates.  In addition, the reverse reaction is true, and excess H+ is neutralized by HCO3, which is released from lungs as carbon dioxide.

Link to:  2.1 Window on Biochemistry

Difficulty:  Medium

39. In the book The Andromeda Strain by Michael Crichton, only two individuals survive, apparently because their blood pH was slightly outside the narrow range that the Andromeda strain virus required to kill the host. One individual was a crying baby. How would the blood pH of this baby be altered?

Ans: A baby crying very hard would be similar to someone hyperventilating. Hyperventilation causes respiratory alkalosis, and the decrease in lung CO2 would result in less CO2 in blood, thus causing an increase in blood pH.

Link to:  2.4 and 2-1 Window on Biochemistry  

Difficulty:  Difficult

40. Are there any other systems in blood, besides the carbonic acid-bicarbonate system, that participate in regulating blood pH?

Ans: Yes, several other processes help to regulate blood pH, including hemoglobin and other amino acids and peptides that serve as buffering reagents.

Link to:  2.1 Window on Biochemistry

Difficulty:  Medium
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