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UNIVERSITETET I OSLO 

 

Det matematisk-naturvitenskapelige fakultet 
 

Obligatory assignment: MBV-INF4410 and MBV-INF9410 
Deadline: November 30th 2015, at 09:00    
Permitted materials: All written material, including all Internet resources 
 
Only students that get this assignment approved will be permitted to take the course home 
exam. 

 
Your completed assignment must be returned, at the latest, at 9 am, Monday November 30. It 
should be sent by e-mail to the course coordinator Jon K. Lærdahl (e-mail address: 
jonkl@medisin.uio.no). Please put the course code and your name in the subject field (e.g. 
Oblig MBV-INF4410 Dolly Duck").  
  
The oblig must be handed in as a single PDF document (Microsoft Word or an Open Office 
Document is also acceptable). Please also include your name and course code in the 
document and in the document title.  
 
You are encouraged to use screenshots and other figures in order to improve your 
explanations. 
 
THE WORK MUST REPRESENT YOUR OWN ANSWERS 
 
Answers should contain only what is asked for. Some questions have multiple parts. Your 
answers may be given in English or in Norwegian. Technical questions about the oblig can 
be answered by Jon K. Lærdahl (e-mail address: jonkl@medisin.uio.no). 
 
 
 
 
 
EXTRA Obligatory assignment: MBV-INF9410 (only) 
 
Write an essay of at least 2500 words on one of these two topics 
 

 How can some of the methods described in this course be used in your own research? 
 A course relevant topic of your own choice. In this case you must get this approved by 

Jon K. Lærdahl before you write the essay  
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Exercise on human PCSK9 
Open your Internet browser and go to the website http://www.genenames.org. Here you find 
the database of the HUGO Gene Nomenclature Committee (HGNC) approved gene names. 
Search for the gene PCSK9 and go to the PCSK9 page. Use the links and resources pointed to 
on this page to answer the questions below. In particular, the UniProt, Entrez Gene, GenBank, 
RefSeq, Ensembl, and OMIM links will be useful and you will find all the information you 
need in these databases. If you wish, you may also use other resources or databases on the 
web, or the scientific literature, to answer the questions, but this is not necessary. Human gene 
PCSK9 (most likely) has only a single biologically relevant splice variant. The full-length 
PCSK9 protein, including signal sequence and pro-segment, has 692 residues. We will ignore 
any other putative splice variants here. Using some (relatively few) screenshots to show what 
you do to answer the questions below might be helpful. 

a) What is the approved symbol and name for this human gene and on which 
chromosome is it found? Are there any other names/symbols used in the literature? 
What are they? Briefly, in no more than 5-10 sentences, describe the biological 
function of the PCSK9 protein. List your sources to this information. 

HGNC: PCSK9 (Approved symbol) 

HGNC: proprotein convertase subtilisin/kexin type 9 (Approved gene name) 

HGNC: 1p32.3 (Chromosomal location) 

HGNC/Entrez Gene/UniProt, other names/symbols: HCHOLA3, “hypercholesterolemia, 
autosomal dominant 3”, FH3, NARC-1, PC9, NARC1, LDLCQ1, “Neural apoptosis-
regulated convertase 1” 

Function (UniProt): Crucial player in the regulation of plasma cholesterol homeostasis. 
Binds to low-density lipid receptor family members: low density lipoprotein receptor 
(LDLR), very low density lipoprotein receptor (VLDLR), apolipoprotein E receptor 
(LRP1/APOER) and apolipoprotein receptor 2 (LRP8/APOER2), and promotes their 
degradation in intracellular acidic compartments. Acts via a non-proteolytic mechanism 
to enhance the degradation of the hepatic LDLR through a clathrin LDLRAP1/ARH-
mediated pathway. May prevent the recycling of LDLR from endosomes to the cell 
surface or direct it to lysosomes for degradation. 

Function (Entrez Gene): This gene encodes a member of the subtilisin-like proprotein 
convertase family, which includes proteases that process protein and peptide precursors 
trafficking through regulated or constitutive branches of the secretory pathway. The 
encoded protein undergoes an autocatalytic processing event with its prosegment in the 
ER and is constitutively secreted as an inactive protease into the extracellular matrix 
and trans-Golgi network. It is expressed in liver, intestine and kidney tissues and escorts 
specific receptors for lysosomal degradation. It plays a role in cholesterol and fatty acid 
metabolism. Mutations in this gene have been associated with autosomal dominant 
familial hypercholesterolemia. 

Or, even better, you could read the literature and summarize function in your own 
words. 
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b) What are the identifiers (IDs, Accession, etc.) for the human PCSK9 protein 
sequences (not gene or transcript, for example) in UniProtKB and RefSeq. What is the 
transcript identifier for PCSK9 in Ensembl? What is the identifier (Accession) for the 
protein sequence corresponding to the nucleotide sequence in GenBank entry 
AX207686? Get the corresponding 4 protein sequences from the 4 databases and align 
them in Jalview. All 4 sequences are 692 residues long, but are they identical? If not, 
what are the differences and what might be the reason? 

 

UniProt identifier: Q8NBP7 

RefSeq identifier: NP_777596 (or NP_777596.2) 

Transcript in Ensembl: ENST00000302118 

Translation of AX207686: CAC60361 

The sequences are identical in UniProt, RefSeq, and Ensembl. If this is WT PCSK9, then 
CAC60361 is V474I G670E, i.e. two mutations/single nucleotide variations. 
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c) How many exons are there in human PCSK9? What is the length of the 5’ intron in 
this gene? What is the shortest intron, and how long is it? Are there any introns that 
are not of the standard GU-AG type? What is the sequence of the human PCSK9 stop 
codon? 

12 exons, 5’ intron is 3798 bp, shortest intron is 238 bp (intron 4), all introns are GU-AG 
(or GT-AG in DNA), and stop codon is TGA. All information can easily be found in 
Ensembl. 

d) Find the PCSK9 orthologues in Ensembl. From this resource, get the protein 
sequences for the PCSK9 orthologues from chimpanzee, orangutan, gibbon, pig, 
dolphin, Chinese softshell turtle (longest sequence variant), and tilapia (Oreochromis 
niloticus). Make a multiple sequence alignment (MSA), using Jalview and the Muscle 
MSA program, of these 7 sequences, together with the human PCSK9 sequence from 
UniProtKB. One of the sequences stands out as being quite different from the others. 
What can the reason be? Is it likely that there is something wrong with this sequence? 
Do you have any suggestions how you might correct this sequence? If you do, correct 
it. There is one more sequence that appears to be wrong at one of the ends. Which one, 
and what is the problem? What can the reason be? Correct the sequence if possible. 

The orangutan PCSK9 sequence is much longer at the N-terminus, due to a much longer 
first exon compared to the other species (119 residues longer than for example human, 
chimp and gibbon). This is very likely not correct. The wrong start codon has been used 
by the gene prediction program, and the correct start codon corresponds to Met120. We 
can fix this error simply by removing the first 119 residues in the orangutan sequence. 
Arguments for claiming the orangutan N-terminus is wrong are: 

 Residues 1-17 in human PCSK9 is 100% conserved in chimpanzee, orangutan, 
and gibbon, indicating very conserved function, while only orangutan has 119 
extra N-terminal residues, which, if this was correct, would correspond to a big 
change in function. It is very unlikely that orangutan PCSK9 is both very 
conserved and very diverged compared with the other primate PCSK9 homologs. 

 PCSK9 has a signal peptide, which, according to Wikipedia is “a short (5-30 
amino acids long) peptide present at the N-terminus of the majority of newly 
synthesized proteins that are destined towards the secretory pathway”. In 
addition, “The core of the signal peptide contains a long stretch of hydrophobic 
amino acids that has a tendency to form a single alpha-helix.” The human 
PCSK9 signal peptide is known to comprise residues 1-30 , and Trp10 – Ala28, in 
particular Leu15 – Leu23 builds the hydrophobic peptide. This peptide segment 
is conserved in the other primates, the mammals and even partially in the turtle 
and fish. However, in the orangutan this segment is far into the sequence (around 
residues 135-145), which is not possible for a signal peptide. If, against all odds, 
the orangutan sequence is correct, the protein is clearly not secreted as all other 
vertebrate PCSK9 homologs. 

The turtle sequence does not start with Met (ATG codon) at all and clearly has a wrong 
N-terminus. Most likely Met12 is the correct start and we can fix the sequence by 
removing the 11 N-terminal residues, and actually the RefSeq sequence for this turtle 
(Pelodiscus sinensis) is corrected exactly like this (XP_006133549). Met12 is also 
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conserved in other turtles and in the anole lizard (all sequences from RefSeq) while the 
sequence further up is not. 

 

 

 

e) Show the full MSA (or a part of it) for the 8 sequences in a figure, and answer the 
following questions: What is the longest segment of the human PCSK9 protein that is 
100% conserved in all 8 species? What is the sequence identity between the PCSK9 
orthologues from human and chimpanzee? What about human vs. gibbon, human vs. 
dolphin, and human vs. tilapia? Make the MSA figure as nice as possible, and include 
it in your answers. Use appropriate colouring and, if you want to, add/include/alter 
relevant annotations and/or numbering. 

Sequence identities are for human/chimp 99.0%, human/gibbon 96.3%, human/dolphin 
82.8%, and human/tilapia 49.0%. Human residues 251-260 (10 residues) is 100% 
conserved in all species. This is the longest absolutely conserved segment. 

The MSA is shown on the next page 
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f) Go to the NCBI BLAST page (blastp program) and use human PCSK9 protein as a 
query sequence in a search in the RefSeq proteins database. Adjust relevant settings, if 
needed, and explain why you did it. You get two good hits from Xenopus frog 
sequences. What are the RefSeq identifiers/accessions for these two sequences? Get 
the sequences and add them to the 8 sequences you already have in Jalview. Align all 
10 sequences with Muscle. Show the multiple sequence alignment in a figure. What is 
the sequence identity between the two frog PCSK9 orthologues? What about human 
vs. the frog sequences? Several human families with very high blood serum LDL 
levels (high levels of “bad cholesterol”) have mutations in the residue Asp374. Based 
on the information in the MSA you have generated, is it likely that the PCSK9 
Asp374Tyr mutation will alter the function of human PCSK9? Explain why you come 
to this conclusion. 
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It was not necessary to change any settings, since the two Xenopus sequences were 
somewhere among hits 80-85 of the 100 default hits. Pretty soon, however, it will be 
outside the list due to new sequences in the database (next year?).  Obviously, we have to 
change default database “nr” to “RefSeq”. We might also run a job with more hits (1000 
or 5000?) to check if there were more Xenopus sequences that are slightly less closely 
related to human PCSK9. Identifiers for the two hits are NP_001088613 (Xenopus laevis) 
and XP_002931479 (Xenopus tropicalis). The sequences are 95.1% identical, and they 
are both 60% identical to human PCSK9. Asp374 is 100% conserved in all the 
vertebrate species we have collected, including frogs and a fish species, and it is clearly 
important for PCSK9 function to keep this residue as Asp. Indeed, the up- and 
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downstream residues are also evolutionary conserved in all vertebrates (we have 
checked). It is very likely that any mutation at this position, particularly a mutation to a 
residue with very different chemical properties (Asp to Tyr) will alter, perhaps most 
likely destroy, the function of PCSK9. It turns out that Asp374Tyr PCSK9 is 
hyperactive, but that is not possible to see from the MSA. 

g) Between residues 450 and 692 (the C-terminus) there are 18 Cys residues in human 
PCSK9. Locate these residues in the MSA. Are they conserved or not? Find 
information about the human single-nucleotide polymorphism (SNP) rs562556, for 
example in Ensembl. This variant changes residue Val474 in human PCSK9 to 
something else. What is the mutation? What is the reference codon and what is the 
alternative variant codon? Investigate the population genetics for this SNP. In the 
1000 Genomes project data, what is the allele frequency of the minor allele in the 
Iberian population in Spain. What is it in the Han Chinese in Beijing population? Find 
the affected residue in the MSA you generated above. Is it likely that this mutation 
will affect the function of PCSK9 severely? Why/why not? 

All 18 Cys residues are fully conserved in the 10 species. rs562556 is a Val474 to Ile 
missense mutation, Val474Ile or V474I, due to codon change GTC (Val, reference) to 
ATC (Ile, alternative variant). Minor allele frequency in IBS (Iberian population in 
Spain) is 19.2% (G). In CHB (Han Chinese in Bejing, China), it is not found at all in 206 
alleles. Val474 is not evolutionary conserved, with Ile in orangutan, Glu in non-primate 
mammals, and Ser in frogs. It appears that any residue is ok here, and the mutation 
Val474Ile, is likely to be without functional consequences. Val and Ile even have very 
similar properties, while Glu, which clearly is ok in other mammals, has very different 
properties.   

 

h) The 3D structure of human PCSK9 can be found in the PDB with the identifier 2P4E. 
Which method was used to determine the 3D structure? Download the 2P4E PDB file 
and open it in PyMOL. Show the protein with “cartoon” rendering and colour by 
secondary structure. Locate the 18 Cys residues you investigated in (g) above. Make a 
selection containing only these 18 residues and show them as “sticks” with an 
appropriate colouring. Explain why these 18 residues are conserved/not conserved. 
What appears to their function? With PyMOL, make a nice image of the PCSK9 3D 
structure showing the 18 Cys residues, and include it in your answers. 

2P4E is an X-ray crystallography study. All 18 Cys are involved in forming 9 disulphide 
bridges (SS-bonds) in the C-terminal domain of PCSK9. They are apparently important 
for folding and maintaining the 3D structure of this domain. 
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i) One of your colleagues is planning to use Oreochromis niloticus tilapia as a model 
organism to study the function of PCSK9. Is it possible to make a reliable 3D structure 
model of tilapia PCSK9? Why/why not? Which method should be used to generate the 
protein 3D model? Briefly, list the steps involved in making the 3D structure model. 
Do not generate the model. 

If you want to make a 3D structure model of a protein, you should always try homology 
modelling first (because it is the most accurate method). We have found that human and 
tilapia PCSK9 are 49% identical, much better than 30% or lower (twilight zone). We 
also know that there exists at least one experimental structure for human PCSK9, in 
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PDB entry 2P4E. It is therefore possible to make a homology model for the tilapia 
PCSK9 target with the 2P4E template structure. 

Steps involved in homology modelling are: 

1) Template selection: 
a. Find template in PDB and align sequences 

2) Correct alignments 
a. Use the best MSA programs 
b. Correct placement of insertions and deletions 

3) Backbone model building 
4) Model loops and side-chains 

a. Rotamer libraries 
b. Loop modelling using database or ab initio method 

5) Refine and optimize model 
6) Validate and check model quality 

 

j) What is the easiest way to get access to and view PDB structures on a smartphone? 
Answer in one or two sentences. 

Use the RCSB PDB iPhone app. It is described in one of the curriculum articles, P.W. 
Rose et al., "The RCSB Protein Data Bank: new resources for research and education", 
Nucleic Acids Res. 41, D475 (2013). 

k) The NCBI Entrez is an integrated database retrieval system that provides access to a 
diverse set of 40 databases that together contain at least 1.3 billion records. Some of 
the databases contains data submitted by the research community (“direct submission” 
- D) while other databases contains data generated by the NCBI and/or NLM only 
(internal NCBI/NLM curation – N ). Give three examples of each of the two types of 
NCBI databases, D and N. 

All this information is found in Table 1 of one of the curriculum articles, NCBI Resource 
Coordinators, "Database resources of the National Center for Biotechnology 
Information", Nucleic Acids Res. 43, D6 (2015). See next page.  

REMEMBER TO READ THE CURRICULUM ARTICLES! 
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