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Question 1  - (25p) 

 

Discuss central elements of the functional genomics/systems biology research 

process and how it is applied. 

 

 

 

a) Explain each of the four steps in 

the cycle. What is the aim of the 

actions taken? What are the main 

actions?                                        

Give examples related to a 

biological or biomedical problem 

for each of the steps. 15p 

 

 
 

b) Discuss two examples of the use of a functional genomics approach to 

improve either understanding of a biological phenomenon, or disease 

diagnosis or disease treatment. Which type of genome-wide screening  

(-omics) was used? How were the results analysed and interpreted? 10p 

 

 

 

Question 2 - (20p) 

 

In your research project, you are studying a protein known to be embedded in 
the lysosomal membrane, and that is phosphorylated at a yet uncharacterised 
amino acid residue.  
 

a) With purified lysosomes in hand, you want to enrich your protein by ion 

exchange chromatography.  Which additive is essential to the buffer in this 

case? 

b) You run SDS-PAGE for all the fractions after the ion exchange column, in some 

of the fractions you see proteins with corresponding molecular weight to your 

protein. Which mass spectrometry based method would you use to confirm in 

which fraction the correct protein is? Describe the principle of this method 



c) You find the protein in one fraction and you know the protein is 

phosphorylated. You now want to find which amino acid is phosphorylated. 

Explain which techniques you would use, biochemical and mass spectrometry 

based?   

d) A tryptic peptide VKEGMNIVEAMER (Monoisotopic molecular mass = 1504.7) 

was analysed by MALDI MS. What do you expect the mass spectrum to look 

like? Draw the mass spectrum and indicate the m/z values and the 

approximated isotope distribution for the peptide ion species. 

e) The doubly charged (i.e. doubly protonated) peptide VKEGMNIVEAMER was 
sequenced by ESI MS/MS. Draw the mass spectrum as you expect it to appear. 
Indicate the types of fragment ion series that you expect to see. Explain the 
appearance of the MS/MS spectrum, including assignments of peaks. A Table of 
amino acid residue masses is provided below. 

 

 

 

 

 

 

 

 

 



 

 

Question 3 - (15p)  

 
Genetic testing for several traits and diseases are now offered directly to 
consumer via the internet, and can therefore be done relatively easily. Identify 
and discuss challenges and benefits that an increasing focus on genetic testing 
can have on individuals and on society.  
 

 

 

Question 4 - (10p)  

 

A set of transcription factor binding sites can be represented with a sequence 
logo, similar to the one shown below. Describe the individual steps that are 
needed to make this type of logo. No formulas are needed. 
 

 
 

 

 

 

Question 5 - (10p) 

 

X-ray crystallography can give you the three-dimensional structure of a protein 

molecule. Describe how this can help you to predict function of novel proteins, 

understand the mechanism of enzymes and receptors, and design or modify 

inhibitors. 

  



 

 

Question 6 - (10p) 

 

Discuss why the mouse is an attractive model for a functional genomics approach 

to human biology.  

 

 

 

 

Question 7 - (10p) 

 

Fluorescent proteins are used in confocal microscopy to study intracellular 
trafficking patterns of the proteins of interest. 

a) How do we make the protein of interest fluorescent? 

b) Define the term Stokes shift.  

c) We are about to study how two different proteins co-traffic within the 
cell and want to make them both fluorescent. What should be the 
characteristics of the fluorescent proteins of choice?  

d) We are about to perform Fluorescence Resonance Energy Transfer 
(FRET). Give an example of a FRET pair.  

e) What do we study when we are performing FRET?  

 

 

 

 

 


