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Question 1 [12]

(a) Using the Henderson-Hasselbalch equation calculate the pH of a solution composed of 0.20 M NHs
and 0.15 M NH4CI? (Kb for NHz = 1.8 x 107) (4)

(b) In 2024 the SpaceX's Dragon spacecraft returned to earth with a sample of a Martian single-celled
organism. Not surprisingly, extracts of the organism catalyzed the hydrolysis of ATP, showing
Michaelis-Menten kinetics with a Km of 3.5 x 10° M and a Vmax of 90 umoles-min-t-mg protein.

I.  Give the Michaelis-Menten equation. (2)

Il.  Calculate the velocity of the ATPase reaction at the following ATP concentrations: (6)

a.S=0.75x10%Mm
b.S=25x10%M
c. $S=0.035M

Question 2 [16]

(a) Oxidative phosphorylation is a process involving a flow of electrons through the electron transport
chain, a series of proteins and electron carriers within the mitochondrial membrane. Briefly describe
this process. (10)

(b) Discuss the role of inhibitors of the electron transport chain and their impact on ATP

production. (6)
Question 3 [14]
(a) Delineate how mutations can affect the genetic code and protein synthesis. (8)

(b) The figure below shows a stable structure of a protein. The dashed line divides the structure into
three regions labelled A, B, and C.
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I. Does this protein have a quaternary structure and how do you reach that conclusion? (2)
Il. Explain why it is likely that each of these three regions folds independently. (2)

IIl. Which one of the three parts of this protein is comprised mostly of a-helical secondary
structure? (2)

IV. Which one of the three parts of this protein is comprised mostly of B-sheet secondary

structure? (1)
Question 4 [14]

(a) Briefly discuss how the irreversible steps in glycolysis are bypassed by alternate enzymes
specific to gluconeogenesis. (8)

(b) Anaplerosis is the act of replenishing TCA cycle intermediates that have been extracted
for biosynthesis. Describe the anapleurotic reaction that aids in the formation of malate
from pyruvate. (6)
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Question 5 [12]
(a) Using structural formulas, write the balanced chemical equation in the Kreb cycle for the reaction

where Malate is oxidized to form oxaloacetate leading to the production of the electron carrier
NADH. (6)

(b) Briefly discuss the biosynthesis of the Fatty acids describing the role of the THREE (3)

important enzymes involved. (6)
Question 6 [14]
(a) Briefly discuss how fatty acids are activated and transported into the mitochondria (8)

(b) Match the phrase on the left with the letter of the answer on the right that bests matches the
description of fatty acid (FA) metabolism (only one answer best matches each description) (6)

I. An oxidant in FA degradation pathway: ....ccccceeevineenee )
A. Palmitoyl CoA
Il. Areductantin FA synthesis pathway: .....cceeeeeeenenees B. Acetyl CoA carboxylase
lll. Catalyzes the commitment step in FA degradation: ........ C. Cytasal
D. FAD/FADH2
IV. Building block of FA synthesis: ....cccuuessienes E. Carnitine acyltransferase |
V. Subcellular location of FA degradation: ......ceeeeeeeveaneee iy th)sphoeno'lpyruvatce carkgsy dinase
e G. Mitochondrial matrix
VI. Catalyzes the commitment step in FA synthesis: ........ H. Coenzyme Q (QH2)
I. Malonyl CoA
J. NADPH/NADP+
Question 7 [18]
(a) Explain the major stages of drug development from discovery to market approval (10)

(b) Evaluate the impact of emerging technologies, such as artificial intelligence (Al) and
biotechnology, on drug development. (8)

THE END
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