
1. Last summer, pork sold to Hong Kong retailers was found to be tainted with 
Salbutamol, a drug used in asthma medication. Salbutamol is a P2-adrenergic receptor 
agonist which works by causing airway smooth muscles to relax. However, pigs have 
been illegally treated with the drug to prevent them from gaining fat. 

a) Activation of p2 adrenergic receptor causes smooth muscle relaxation by 
inactivating myosin light-chain kinase. Describe the underlying G-protein
mediated mechanism and the signal amplification steps involved. (6 marks) 

b) Describe one piece of experimental evidence to support that the intrinsic 
GTPase activity of G-proteins is important for terminating effector activation 
by G-proteins. (3 marks) 

c) How is the GTPase activity of monomeric G-proteins like RAS modulated to 
avoid overstimulation of cell proliferation? (2 marks) 

d) Salbutamol treatment enhances meat production by modulating carbohydrate 
and lipid metabolism. Describe how activation of P2 adrenergic receptor 
regulates glycogen synthesis and degradation in muscle cells. (4 marks) 

2. A loss-of-function mutation in the type I TGFP receptor gene is found in about 25% 
of colon cancers. 

a) Explain how the gene mutation perturbs TGFP receptor signaling and favors 
tumorigenesis. (7 marks) 

b) Briefly describe how you can design a drug that can counteract the negative 
effect of this loss-of-function mutation. (3 marks) 
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3. Polymerization of cytoskeletal filaments was examined in a buffer containing the 
subunit protein and ATP. As shown in the following graph, the elongation rate 
depends on the subunit concentration. Lines A and B represent elongation rates of two 
ends of the polymer. 
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a) Is the polymer actin or tubulin? Explain. (2 marks) 

b) Which line represents the rate of the plus-end? Explain. (2 marks) 

c) If the protein CapZ is added to the reaction, which line in the graph will be 
affected most? What change do you expect? (2 marks) 

d) Name another protein besides CapZ that can associate with this polymer yet 
does NOT change the polymerization rate. Describe the function of this 
polymer-associated protein in a cellular context. (4 marks) 
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4. Microtubules constitute a type of polarized cytoskeleton important for mitosis and 
long-distance intracellular transport. The stability of microtubules varies greatly with 
the cellular context. 

a) Kinesin 13 is a major protein that regulates microtubule stability. Describe its 
effect on microtubule stability and how it is involved in mitosis. (5 marks) 

b) Microtubules are essential for the transport of cargoes into dendrites and axons 
of neuron by the associated motor proteins kinesin and dynein. Describe how 
kinesin moves along the microtubule and what the role of ATP hydrolysis is. 
(5 marks) 

c) Describe how the differential microtubule orientation in axon and dendrite 
helps to transport cargoes to the different neuronal compartments. (5 marks) 

5. The basal lamina or basement membrane is one of the most ancient structures 
consisting of extracellular matrix (ECM) components in the evolution of metazoan. 
Key components consist of collagens, proteoglycans and glycoproteins. 

a) Describe ECM components and the possible interactions that serve to 
assemble and stabilize the basal lamina. (5 marks) 

b) While the basal lamina has structural functions, it can also regulate molecular 
signals to cells. Using hedgehogs as example, describe the role of ECM in the 
generation of a morphogen gradient. (5 marks) 

c) Besides regulating extracellular signaling, the basal lamina can regulate self
renewal and differentiation of stem cells. Give an explanation from the 
perspective of cell division. (5 marks) 

6. Cell-matrix interaction at the basal lamina provides information to cells via integrin 
receptors at the cell surface, leading to the formation of focal adhesion complexes. 
This also requires an initial activation of integrin receptors from within the cell. 

a) Explain the structural changes leading to the activation of integrin receptors, 
including regulation by talin and kindlins. (5 marks) 

b) What are the possible immediate, short-term and long-term cellular effects 
following the formation of adhesion complexes. (5 marks) 
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7. The Golgi apparatus sorts newly synthesized acid hydro lases into vesicles for 
delivery to endosomes and lysosomes, away from the exocytic pathway. The sorting 
is effected by XPR, a type I integral membrane protein with (1) a lumenal domain for 
capturing cargo enzymes and (2) a cytoplasmic tail for sorting to endosomes and 
lysosomes. 
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XPR localization to Golgi sub-fractions was assessed with use of three different cell 
lines - rat hepatocytes (clone 9), rat kidney epithelial cells (NRK) and Chinese 
hamster ovary (CHO-Kl). Results [Brown & Farquhar (1987) PNAS 84:9001-9005] 
are shown in Figure 1 and 2 below. 
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Figure 1. Rat clone 9, NRK and CHO-Kl 
cells were separately subjected to sucrose 
density gradient ultra- centrifugation. 
Profiles ofXPR- immunoreactivity 
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( -- ), enzyme activity of a-mannosidase 
(- - -; a medial Golgi marker) and that of 
galactosyltransferase ( ..... ; a trans Golgi 
marker) are shown for each of the cell lines. 
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Figure 2. Golgi subfractions were 
solubilized in a mix of detergents and 
then subjected to immunoprecipitation 
with use of anti-XPR. The 
immunoprecipitates were subjected to 
SDS-PAGE. Electrophoreto- grams 
were visualized by fuorography. 
Fraction numbers in the fluorograms 
correspond to those in Figure 1. 



a) What moiety in acid hydrolases is captured by the receptor domain of XPR? 
(1 mark) Write a key enzyme reaction responsible for transfer of this moiety 
to acid hydrolases. (3 marks) Does the reaction occur in the cis, medial or 
trans Golgi cisternae? (1 mark) 

b) By reference to Figures 1 and 2, how do the three cell lines differ in the 
steady-state distribution of XPR across the stacks of Golgi cisternae? 
(6 marks) 

c) Cultures of clone 9 hepatocytes were treated for 3 hr with tunicamycin and 
then processed for immunoelectron microscopy. XPR-immunoreactivity was 
detectable in coated vesicles lining up along the cis Golgi cisternae but was 
not detectable in endosomes and lysosomes. 

(i) What enzymatic reaction is inhibited by tunicamycin? (2 marks) 
Predict the consequence of this inhibitory activity on N-glycosylation 
of nascent polypeptides and subsequent modification reactions that 
occur in the Golgi. Explain. (3 marks) 

(ii) What can be inferred regarding signal(s) that trigger forward delivery 
of XPR to endosomes and lysosomes versus recycling of XPR to the 
Golgi? (3 marks) 

8. Compare co-translational translocation of protein through the ER with post
translational translocation in terms of (i) accessory proteins and (ii) exogenous 
nucleotide. (6 marks) 

END OF PAPER -
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