Chemistry 2713 Name:

Biochemistry Student Number:

Winter 2018
Midterm Exam #2

Answer all questions on the test. Each multiple choice question has a value of two points and must be
answered in pencil on the bubble sheet provided. The value for each short answer question is given with
the questions.

The final two pages of the exam have equations and other relevant information. Feel free to remove
these pages, but the rest of the midterm and the bubble sheet must be submitted to receive marks for
all questions.

Programmable calculators are not allowed. You may use a molecular model kit.
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Question 1
A living organism is what type of thermodynamic system?

a. atequilibrium

b. atwork

c. closed

d. open

e. static
Question 2

Which of the following statements is true of an open system?

a. thereis an exchange of energy only with the surroundings
b. thereis an exchange of matter only with the surroundings
c. thereis an exchange of both matter and energy with the surroundings
d. either matter or energy, but not both may be exchanged with the surroundings
e. energy flows only into the system: matter flows out of the system
Question 3

Which of the following is not a standard condition for standard free energy?

a. 25°C
b. 1atm pressure
c. concentration of reactants=1.0 M
d. concentration of products =1.0 M
e. pH=7

Question 4

For a reaction to be spontaneous which of the following statements must be true?

a. AS, v =0

b. AS,niy = positive

c. AS,ni»y = negative

d. AorB

e. entropy has no effect on the spontaneity of a process
Question 5

The most important direct source of energy in the body is:
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ADP
adenosine
amino acids
ATP

glucose



Question 6
An organism at equilibrium is said to be

a. atrest

b. dead

c. dormant
d. hibernating
e. sleeping
Question 7

For two reactions to be coupled what conditions must be met?

a. both reactions must be spontaneous
b. neither reaction can be spontaneous
c. aproduct of one of the reactions must be a reactant in the second reaction
d. both reactions must have ATP as a reactant
e. they must have common products
Question 8

Which of the following processes are driven by the hydrolysis of ATP?

a. active transport across membranes
b. biosynthesis of biomolecules
c. mechanical work such as muscle contraction
d. AandCare correct
e. A, BandCare correct
Question 9

The products of the hydrolysis of ATP are more stable than ATP itself. This circumstance is due to?

a. pH effects
b. relief of charge-charge repulsions
c. resonance stabilization of the products
d. BandCare correct
e. A, BandCare correct
Question 10

What type of bond is being cleaved during the conversion of ATP to ADP?
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alcohol
anhydride
amide
ester
ether



Question 11
Consider the following dipeptide. Which letter indicates a peptide bond?

A H O D
H H
V20 N

H C N ~___~
KR
I VAT
O
H E
C
a. A
b. B
c. C
d D
e. E
Question 12
The term protein refers to amino acid polymers with greater than amino acids.
a. 10
b. 25
c. 50
d. 75
e. 100
Question 13

Which of the following amino acids is not chiral?

a. alanine
b. glycine
c. leucine
d. proline
e. valine

Question 14

Which of the following would be classified as a nonstandard amino acid?

a. asparagine

b. cysteine

c. glycine

d. 5-hydroxyproline
e. valine



Question 15
Which of the following is a polar amino acid?

a. methionine
b. phenylalanine
c. proline

d. tryptophan

e. tyrosine
Question 16

Which of the following is a basic amino acid?

a. arginine

b. asparagine
c. glutamine

d. threonine

e. tryptophan
Question 17

The 21° proteinogenic amino acid is:

a. selenocysteine

b. selenomethionine
c. selenoserine

d. selenothreonine
e. selenotyrosine
Question 18

The three-letter abbreviation for tryptophan is:

a. Thr

b. Tph

c. Trp

d. Try

e. Tyr
Question 19

The three-letter abbreviation for glutamine is:

a. Gla
b. Gle
c. GIn
d. Glt
e. Glu



Question 20
The one-letter abbreviation for lysine is:

T QO O T o
<unvwpo R

Question 21
The one-letter abbreviation for glutamic acid is:

T O O T Q

Question 22
When the identity of an amino acid cannot be distinguished between asparagine and aspartate, the
three-letter abbreviation for the ambiguous residue is:

a. Agt

b. Ape

c. Apt

d. Asp

e. Asx
Question 23

Which of the following is an essential amino acid?

a. arginine

b. cysteine

c. methionine
d. proline

e. serine
Question 24

Which of the following is not an essential amino acid?

a. isoleucine

b. lysine

c. phenylalanine
d. tryptophan

e. tyrosine



Question 25
Which of the following depictions of cysteine is not in its naturally occurring L form?
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a. A

b. B

c. C

d D

e. E

Question 26

What is the isoelectric point for serine?

a. 4.26
b. 5.59
c. 6.92
d. 7.00
e. 11.18
Question 27

Which of the following structures is the principal form of glutamic acid at its isoelectric point?

H O H O H O H O H O
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Question 28
Which of the following structures is the principal form of tyrosine at pH 10?

H O H O H O H O H O

L L - |

|l
H,N—C—C—OH HsN—C—C—OH HsN~—C—C—O0 H;N—C—C—0

CH, CH, CH, CH, CH,
O H O OH
A B C D E
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Question 29
What is the isoelectric point for cysteine?

a. 5.03
b. 6.10
c. 7.00
d. 8.14
e. 9.21
Question 30

When not at the terminal of a protein which of the following amino acids cannot contribute to the pl of
a protein?

a. alanine
b. arginine
C. cysteine
d. lysine

e. tyrosine

Question 31
If a dipeptide has an isoelectric point of 5.72, in which direction will the dipeptide move at pH 5?

does not move

towards the anode

towards the cathode

towards both the anode and the cathode
need more data
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Question 32
Which structure best represents the actual structure of a peptide bond?
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Question 33
What is the isoelectric point of the tripeptide HsN*-Val-Pro—Trp—COO™?

a. 5.80
b. 5.90
c. 595
d. 5.99
e. 6.21
Question 34

What is the isoelectric point of the tripeptide HsN*—Gly—Lys—Ser—COO~?

a. 5.70
b. 5.86
c. 6.40
d. 9.86
e. 10.12
Question 35

What is the net charge of the tripeptide HsN*—Ala—Asp—Tyr—COO™ at pH 4?

a. positive

b. negative

c. neutral

d. infinite

e. need more information to answer



Question 36

What are the absolute stereochemistry designations (i.e., R and S) for each chiral centre from left to

right for the isomer of ribose shown?

C_)H
O/\‘/\‘/\OH
OH OH
a. R R R
b. R,SR
c. SRS
d. SRR
e. §5,S
Question 37

Given the following AH values calculate the AH for the complete combustion of sucrose.

Compound AH (k) mol™)
C12H22011 -2222
)] 0
CO; —-393.3
H,0 —286.2
a. —1542 k) mol™
b. —2822kJ mol™
c. —2902 kJ mol™
d. -5646 k) mol™
e. —8794 k) mol™

10



Question 38
Assume that the complete combustion of glucose to carbon dioxide and water liberates 2870 kJ mol™
(i.e., AG°'=-2870 k) mol™). If one contraction cycle in muscle requires 45 kJ, and the energy from the

combustion of glucose is converted with an efficiency of 47% to contraction, how many contraction
cycles could be fuelled by the complete combustion of one mole of glucose (180.16 g mol™)?

a. 16

b. 22

c. 30

d. 64

e. 136
Question 39

If AG°' for the hydrolysis of phosphocreatine is —43.1 kJ mol™, what is the free energy at body

temperature (37 °C) if the concentration of phosphocreatine is 6.9 M and the concentration of creatine

(the hydrolyzed product) is 1.3 M?
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—38.8 kl mol™
—39.6 k) mol™
—42.4 k) mol™
—43.6 k) mol™
—47.4 k) mol™
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Question 40
Consider the following reaction in which the sugar fructose reacts with ATP to form fructose-6-
phosphate:

ATP + Fructose — ADP + Fructose-6-phosphate

What is the equilibrium constant (Keq) for the reaction at 25 °C given the following free energy values
for the two half reactions:

AG°' (k) mol™)

ATP + H,O — ADP + P; -30.5
Fructose + P — Fructose-6-phosphate + H;0 +15.9
a. 2.76x1073
b. 1.01
c. 146
d. 362
e. 7.81x10°
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Question 41 (10 points)
The following scheme depicts the mechanism for peptide bond formation. Complete the mechanism
by adding charges, small molecules and curved arrows.
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Question 42 (5 points)
Draw the H3N*-Cys-Cys-Pro-COO™ tripeptide (with a disulfide bridge/bond) at physiological pH.

H ﬁ H O
HN—C—C—0 H2N+—C\—|Cl,—0_
(|3Hz H,C. CH,

SH CHa

Question 43 (15 points)
Draw the primary structure of the amino acid (indicated by its abbreviation) at physiological pH.

His M Ser

Bonus Question (5 points)
Phosphate is often abbreviated as Pi. What does the "i" mean?



Potentially Useful Information

Equations

AHreaction = Z AHproalucts - Z AI'Ireactants

ASuniverse = ASsystem + ASsurroundings

AG = AH — TASsyseem

_ [a°[p} —
Keqg = AR[B] for the reaction: aA + bB

cC
26 = a6° + RTIn 2
[A]2[B]P

AG® = —RT InK,,

AG® = AG° + RT In[H*]

Constants

0.08206 L-atm-K™*-mol™
Gas Constant, R 0.08314 L-bar-K*-mol™
8.314 ) mol™ K™

(|3HO

Ce
AU
LR SV

D-Glyceraldehyde



Acid Dissociation Constants for the 20 Standard Amino Acids

Amino Acid pKa(COOH) pKa(NHs*) pKa(R)
Alanine 2.33 9.71
Arginine 2.03 9.00 12.10
Asparagine 2.16 8.73
Aspartic Acid 1.95 9.66 3.71
Cysteine 191 10.28 8.14
Glutamine 2.18 9.00
Glutamic Acid 2.16 9.58 4.15
Glycine 2.34 9.58
Histidine 1.70 9.09 6.04
Isoleucine 2.26 9.60
Leucine 2.32 9.58
Lysine 2.15 9.16 10.67
Methionine 2.16 9.08
Phenylalanine 2.18 9.09
Proline 1.95 10.47
Serine 2.13 9.05
Threonine 2.20 8.96
Tryptophan 2.38 9.34
Tyrosine 2.24 9.04 10.10
Valine 2.27 9.52
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