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Name: GTP-binding nuclear protein Ran isoform 1 [Homo sapiens] 
Accession: NP_006316.1 
Species: Homo sapiens 
GTP-binding protein involved in nucleocytoplasmic transport. Required for the import of 
protein into the nucleus and also for RNA export. Involved in chromatin condensation 
and control of cell cycle.. 

 
Method: tblastn on ncbi 
Database: expressed sequence tags 
Organism: not specified 
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Chosen match:  
HX208769 full-length enriched swine cDNA library, adult bone marrow Sus scrofa cDNA 
clone BMWN10053A03, mRNA sequence 
 



 

Alignment details:

 
 
 
 
 
 
Q3] Gather information about this “novel” protein. At a minimum, show me the protein 
sequence of the “novel” protein as displayed in your BLAST results from [Q2] as FASTA 
format (you can copy and paste the aligned sequence subject lines from your BLAST 
result page if necessary) or translate your novel DNA sequence using a tool called 
EMBOSS Transeq at the EBI. Don’t forget to translate all six reading frames; the ORF 
(open reading frame) is likely to be the longest sequence without a stop codon. It may 
not start with a methionine if you don’t have the complete coding region. Make sure the 
sequence you provide includes a header/subject line and is in traditional FASTA format. 
Chosen sequence: 
>HX208769.1 HX208769 full-length enriched swine cDNA library, adult bone marrow Sus scrofa 
cDNA clone BMWN10053A03, mRNA sequence 
GAGTCAGACGGGCGCGGAGACGCTTCTGGAAGTAACATCACGATGGCTGCCCAAGGAGAG
CCCCAAGTTCAGTTCAAACT 
TGTATTGGTTGGTGATGGTGGTACTGGGAAAACTACATTCGTGAAACGTCATCTGACTGGTG
AATTTGAGAAGAAGTATG 
TAGCTACCTTGGGTGTTGAGGTCCATCCCCTTGTGTTCCATACCAACAGAGGACCTATTAAG
TTCAATGTATGGGATACG 
GCTGGTCAGGAGAAATTTGGTGGACTGAGAGATGGCTATTATATCCAAGCTCAGTGTGCCAT
TATAATGTTTGATGTAAC 
ATCGAGAGTTACTTACAAGAACGTACCTAACTGGCATAGAGATCTGGTACGAGTGTGTGAAA
ACATCCCCATTGTGTTGT 
GTGGCAACAAAGTGGATATTAAGGACAGAAAGGTTAAGGCAAAATCGATTGTCTTCCACCGA
AAGAAGAACCTTCAGTAC 



 

TACGACATTTCTGCAAAAAGTAACTACAACTTTGAAAAGCCCTTCCTCTGGCTTGCTAGGAA
ACTGATCGGAGACCCTAA 
CTTGGAGTTTGTCGCCATGCCTGCTCTTGCCCCGCCAGAGGTGGTCATGGACCCAGCCTT
GGCAGCACAGTATGAGCATG 
ATCTAGAGGTTGCTCAGACAACTGCTCTCCCGGATGAAGATGATGACCTGTGAGAAAACAA
AGCTGGAGCCCAGCGTCAG 
AAGTC 
Here, tell me the name of the novel protein, and the species from which it derives. It is 
very unlikely (but still definitely possible) that you will find a novel gene from an 
organism such as S. cerevisiae, human or mouse, because those genomes have 
already been thoroughly annotated. It is more likely that you will discover a new gene in 
a genome that is currently being sequenced, such as bacteria or plants or protozoa 
 
Name: full-length enriched swine cDNA library, adult bone marrow 
            Sus scrofa cDNA clone BMWN10053A03, mRNA sequence. 
Species: Sus scrofa (pig) 
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
            Mammalia; Eutheria; Laurasiatheria; Artiodactyla; Suina; Suidae; 
            Sus. 
[Q4] Prove that this gene, and its corresponding protein, are novel. For the purposes of this 
project, “novel” is defined as follows. Take the protein sequence (your answer to [Q3]), and use 
it as a query in a blastp search of the nr database at NCBI. 
 • If there is a match with 100% amino acid identity to a protein in the database, from the same 
species, then your protein is NOT novel (even if the match is to a protein with a name such as 
“unknown”). Someone has already found and annotated this sequence, and assigned it an 
accession number.  
• If the top match reported has less than 100% identity, then it is likely that your protein is novel, 
and you have succeeded. • If there is a match with 100% identity, but to a different species than 
the one you started with, then you have likely succeeded in finding a novel gene. 
 • If there are no database matches to the original query from [Q1], this indicates that you have 
partially succeeded: yes, you may have found a new gene, but no, it is not actually homologous 
to the original query. You should probably start over 
Search details: blastp against nr database  



 

 
The top hit is the GTP-binding nuclear protein Ran from Camelus dromedariu. The translated 
Sus scrofa cDNA sequence HX208769 shows 100% amino acid identity to Ran proteins from 
other mammals, including Camelus dromedarius. But, no identical sequence from Sus scrofa 
itself was present in the NR database. 



 



 

 
PART 2 
[Q5] Generate a multiple sequence alignment with your novel protein, your original query 
protein, and a group of other members of this family from different species. A typical 
number of proteins to use in a multiple sequence alignment for this assignment purpose 
is a minimum of 5 and a maximum of 20 - although the exact number is up to you. Include 
the multiple sequence alignment in your report. Use Courier font with a size appropriate 
to fit page width.  
 Side-note: Indicate your sequence in the alignment by choosing an appropriate name for each 
sequence in the input unaligned sequence file (i.e. edit the sequence file so that the species, or 
short common, names (rather than accession numbers) display in the output alignment and in 
the subsequent answers below). The goal in this step is to create an interesting an alignment for 
building a phylogenetic tree that illustrates species divergence. 
 Q5 (3 points) MSA labeled with useful names 1 MSA trimmed appropriately (i.e. no gap 
overhangs) 1 Pasted MSA fits report page width (i.e. font, format) 1  
 
Re-labeled sequence for alignment: 
>Human|4504349|NP_006316.1| GTP-binding nuclear protein Ran isoform 1 [Homo 
sapiens] 
MAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATLGVEVHPLVFHTNRGPIKFN
VWDTAGQEKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCGNKVD
IKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPFLWLARKLIGDPNLEFVAMPALAPPEVV
MDPALAAQYEHDLEAQTTALPDEDDDLL 
 
 
 
 



 

>WildBoar(novel) 
ESDGRGDASGSNITMAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATLGVEVH
PLVFHTNRGPIKFNVWDTAGQEKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRV
CENIPIVLCGNKVDIKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPFLWLARKLIGDPNLE
FVAMPALAPPEVVMDPALAAQYEHDLEVAQTTALPDEDDDL*ENKAGAQRQKS 
 
>Camel|9838|ref|KAB1255836.1|GTP-binding nuclear protein Ran [Camelus dromedarius] 
MYSSPTLGDAERRHPKENVSSECTALSGPLTGLSSPDPKYSMIASLFTTRNITMAAQGEPQV
QFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATLGVEVHPLVFHTNRGPIKFNVWDTAGQEKF
GGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCGNKVDIKDRKVKAKSI
VFHRKKNLQYYDISAKSNYNFEKPFLWLARKLIGDPNLEFVAMPALAPPEV 
VMDPALAAQYEHDLEVAQTTALPDEDDDL 
 
>Chinesetreeshrew|37347|ref|ELW66979.1|GTP-binding nuclear protein Ran [Tupaia 
chinensis] 
MRTEGVASSAASCPADEPTRRCTAGATSKPRKASQSAPWAGPTRRQVSSDWSDAMAAQGE
PQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATLGVEVHPLVFHTNRGPIKFNVWDTAG
QEKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCGNKVDIKDRKVK
AKSIVFHRKKNLQYYDISAKSNYNFEKPFLWLARKLIDPNLEFVAMPALAPPEVVMDPALAAQ
YEHDLEVAQTTALPDEDDDL 
 
>FloridaManatee|127582|ref|XP_004385066.2|GTP-binding nuclear protein Ran 
[Trichechus manatus latirostris] 
MWRPPAASRSPPFLCRTITMAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATL
GVEVHPLVFHTNRGPIKFNVWDTAGQEKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWH
RDLVRVCENIPIVLCGNKVDIKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPFLWLARKLI
GDPNLEFVAMPALAPPEVVMDPALAAQYEHDLEVAQTTALPDEDDDL 
 
>RicesWhale|2661301|ref|XP_059750727.1|GTP-binding nuclear protein Ran isoform X2 
[Balaenoptera ricei] 
MWRPPAASRSPPFLCRTITMAAQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATL
GVEVHPLVFHTNRGPIKFNVWDTAGQEKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWH
RDLVRVCENIPIVLCGNKVDIKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPFLWLARKLI
GDPNLEFVAMPALAPPEVVMDPALAAQYEHDLEVAQTTALPDEDDDL 
 
>NightMonkey|37293|ref|XP_064235613.1|GTP-binding nuclear protein Ran [Aotus 
nancymaae] 
MATQGEPQVQFKLVLVGDGGTGKTTFVKRHLTGEFEKKYVATLGVEVHPLVFHTNRGPIKFNV
WDTAGQEKFGGLRDGYYIQAQCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCGNKVDI
KDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPFLWLARKLIGDPNLEFVAMPALAPPEVVM
DPALAAQYEHDLEVAQTTALPDEDDDL 
 
Results  



 

 
[Q6] Create a phylogenetic tree, using either a parsimony or distance-based approach. 
Bootstrapping and tree rooting are optional. Use “simple phylogeny” online from the EBI 
or any respected phylogeny program (such as MEGA, PAUP, or Phylip). Paste an image 
of your Cladogram or tree output in your report.  
Q6 (1 point) Figure illustrates sequence clustering pattern 1 



 

 
[Q7] Generate a sequence identity-based heatmap of your aligned sequences using R. If 
necessary convert your sequence alignment to the ubiquitous FASTA format (Seaview 
can read in clustal format and “Save as” FASTA format for example). Read this FASTA 
format alignment into R with the help of functions in the Bio3D package. Calculate a 
sequence identity matrix (again using a function within the Bio3D package). Then 
generate a heatmap plot and add to your report. Do make sure your labels are visible and 
not cut at the figure margins.  

 



 

[Q8] Using R/Bio3D (or an online blast server if you prefer), search the main protein 
structure database for the most similar atomic resolution structures to your aligned 
sequences.  
List the top 3 unique hits (i.e. not hits representing different chains from the same 
structure) along with their Evalue and sequence identity to your query. Please also add 
annotation details of these structures. For example include the annotation terms PDB 
identifier (structureId), Method used to solve the structure (experimentalTechnique), 
resolution (resolution), and source organism (source).  
HINT: You can use a single sequence from your alignment or generate a consensus 
sequence from your alignment using the Bio3D function consensus().  The Bio3D 
functions blast.pdb(), plot.blast() and pdb.annotate() are likely to be of most relevance for 
completing this task. Note that the results of blast.pdb() contain the hits PDB identifier 
(or pdb.id) as well as Evalue and identity. The results of pdb.annotate() contain the other 
annotation terms noted above. Note that if your consensus sequence has lots of gap 
positions then it will be better to use an original sequence from the alignment for your 
search of the PDB. In this case you could chose the sequence with the highest identity to 
all others in your alignment by calculating the row-wise maximum from your sequence 
identity matrix.  
 

ID Technique Resolution Source Evalue Identity 

1A2K_C X-ray 
Diffraction 

2Å Canis lupus 
familiaris
​  

3e-161​ 99.54%
​  

​
3ICQ_B 

X-ray 
Diffraction 

3.2 Å Saccharomy
ces 
cerevisiae 
(brewer's 
yeast) 

6e-113​ 89.82%
​  

4DJT_A X-ray 
Diffraction 

1.8  Å Encephalito
zoon 
cuniculi 
GB-M1 

2e-55 ​
46.19% 

 
[Q9] Using AlphaFold notebook generate a structural model using the default 
parameters for your novel protein sequence. 

Note that this can take some time depending upon your sequence length. If your 
model is taking many hours to generate or your input sequence yields a “too 
many amino acids” (i.e. length) error you can focus on a single domain from your 
sequence - identify region by searching for PFAM domain matches. 

Once complete save the resulting PDB format file for your records. Finally, generate a 
molecular figure of your generated PDB structure using the Mol* viewer online (or 
VMD/PyMol/Chimera if you prefer). To complete your analysis you should highlight 
conserved residues that are likely to be functional as spacefill and the protein as 



 

cartoon colored by local alpha fold pLDDT quality score. You can determine conserved 
residues from the alignment generated by the AlphaFold server and use a conservation 
cutoff appropriate for the diversity of your protein alignment (e.g. between 60% and 99% 
conserved). Note that pLDDT score is contained in the B-factor column of your PDB 
downloaded file. Please use a white or transparent background for your figure (i.e. not 
the default black in PyMol/VMD/Chimera etc.). 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

 
[Q10] (i) Using your computed structure model (or your closest homologue of known 
structure from the PDB) predict and locate potential small molecule binding sites using 
the CASTpFold server ( https://cfold.bme.uic.edu/castpfold/ ). Provide an image or 
screen-shot of your largest predicted pockets “negative volume” and provide it’s area 
and volume. 

(ii)  
 



 

Perform a “Target” search of ChEMBEL ( https://www.ebi.ac.uk/chembl/ ) with your 
novel sequence. Are there any Target Associated Assays and ligand efficiency data 
reported that may be useful starting points for exploring potential inhibition of your novel 
protein? If there are no assays listed here simply list “non available as of [date]”. 
non available as of 12/7 
(iii) Briefly discuss (100 words max) the druggability of your novel protein based on: 
- Presence of well-defined pockets (output of tools like CASTpFold), 
- Existence of known inhibitors for related proteins (your search of ChEMBEL), 
- Conservation of binding sites across homologs (your conservation analysis in Q10), 
- Potential therapeutic applications if this protein were targeted (you can use ChatGPT, 
Claude etc. backed up by your reading of the literature here). 
My predicted structure contains a large, well-defined pocket (Area: 660.8 Å²; Volume: 381.7 Å³), 
suggesting a ligand-accessible cavity suitable for small-molecule binding.ChEMBL shows no 
existing inhibitors for this protein. GTP-binding proteins in the Ran family often share conserved 
nucleotide-binding motifs, implying potential cross-reactivity with known GTP-competitive 
scaffolds. Conservation across homologs indicates that the binding site is structurally stable, 
increasing druggability. If targeted, this protein could be inhibited by compounds that disrupt 
GTP binding or nucleotide-cycling, which may alter nuclear transport or cell-cycle regulation in 
relevant disease contexts. 


