Exercise 1: Identifying a Protein based on a partial sequence. 

EXERCISE OBJECTIVES
Understand how to identify an unknown protein sequence and its relationship with other proteins.
Be able to compare an amino acid sequence query against a bioinformatic database (UniProt, NCBI, SMR, PDB, String, Prosite) to find other proteins of high similarity.
Be able to view protein-protein interactions (String).

CASE:
The following transcript was found to be abundant in a human patient’s gastric biopsy. Now search and identify the corresponding protein from the below given partial amino-acid chain - as your sole source of information.   MKLTPKELDKLMLHYAGELAKKRKEKGIKLNYVEAVALISAHIMEEARAG
*Students are required to find their own partial sequence as has been explained in step 0 below. 

QUESTION: What is the origin of my unknown amino acid sequence, & what are its interactions

INSTRUCTIONS
STEP 0: Run Peptide Search on Uniprot
1-Go to https://www.uniprot.org/peptide-search & paste your unknown aa seq in the box
2-In Advanced parameters, choose ‘on’ for ‘Search UniProt Reviewed (Swiss-Prot) only’ box  -hit Run Peptide Search
3-Click Completed. On the next page tidbits of information about your protein will appear as ‘Tool results’. 
4-A column on the left of the results page, provides quick access (shortcuts) to the information contained in the page
5-Click on first five Entry # one by one, then search (Ctrl F)’ChEMBL’, note down those entry # that have ChEMBL IDs in them.
6-Click on first Entry # then Sequence (on the left on the next page)
-It will take to the amino acid sequence of your matched protein. 
7-Try to collect as much info as you can about your top matched protein.
8-Now, manually mutate all ala amino acids with gly (A  G) or any amino acids of your choice (optional)
-repeat steps from 1 to 4 of this slide

-Write your amino acid sequence for your evaluator to know
MKLTPKELDKLMLHYAGELAKKRKEKGIKLNYVEAVALISAHIMEEARAG    

-What is the name of top protein closely matched to your seq? ​
Urease Subunit Alpa

-What is the Uniprot ID of the matched protein entry that has an ID for ChEMBL? ​
Uniprot ID, Out of three B6JPH6, P14916, Q1CV81, only P14916 has ChEMBL ID.

-What is the partial original sequence of matched protein?
MKLTPKELDKLMLHYAGELAKKRKEKGIKLNYVEAVALISAHIMEEARAG

-What is the partial sequence of your (mutated from Aàto G)
matched protein? 
MKLTPKELDKLMLHYGGELGKKRKEKGIKLNYVEGVGLISGHIMEEGRGG

STEP 1: Protein-protein Interaction 
1-click on first Entry #, then ‘Similar Protein” (on the same page)
-This section shows whether the protein you found in previous step has any known interaction with other proteins from other species. 
-You will see that your protein has a known interaction with another protein  

-What is the name of the protein(s) with which your protein highly interacts?
 Urease Subunit alpha 

STEP 2: Protein Function
1-On the same page click on first Function

-Write down the function of your protein
 The urease enzyme is involved in nitrogen metabolism and urea degradation. It synthesizes CO2 and NH3 from urea – this sub pathway is part of the pathway urea degradation, which is part of nitrogen metabolism, causes ulcer

-Write down the PDB ID of matched proteins from the left panel  under “Experimental Structures” on SMR page
 1e9y

STEP 3: Protein Structure (SMR) 
1-On the same page find or Ctrl F ‘smr’ (Swiss-model repository)
2-click on the protein ID next to SMR
-It will take you to Swiss-Model repository to show the matched proteins (left panel) and 3D structure of your matched protein (right panel)
-In the left panel, you will find all the “Available Experimental Structures” of your protein.

-How many experimental structures of your protein you find on SMR page (left panel)
5 experimental structures

STEP 4: Protein Structure (PDB) 
1-Click on the PDB link for the first result on the smr page (or search at   https://www.rcsb.org) under your protein name)
2-PDB ID links on wwPDB Partners share information & originate from diff countries. 
3-PDBe stands for PDB Europe, for example.
4-You will find tidbits of information such as the classification & the organism of the protein. 
5-Click ‘3D view’ tab, & familiarize yourself with the tools on the right. Try disabling the polymer view. 
6-Download the PDB file of the protein, save in a docking folder on your desktop. 
-PDB files are text files which describe the 3D structure of the molecule/protein. 

-Write down the PDB ID of matched protein from the PDB page?
1e9y

-Find out the mutations in your protein from the PDB page?
No

STEP 5: BLAST with amino acid sequence on Uniprot 
1-Go to https://blast.ncbi.nlm.nih.gov/Blast.cgi
2-Click on Protein BLAST box
3-Paste your unknown aa seq in the box
4-Leave all parameters as it is
5-Hit BLAST (it may take some time)

-Which protein is your first match with the highest similarity on the top of the list? 
Urease subunit alpha

-What is the accession, length, and description of that protein?
Accession: MBH0276121.1   length-66    description- Urease subunit Alpha

-How many matched cases you see with very small E-values (or considerably larger bit scores), comparing to the rest of the matched cases?
for this may vary from one protein to another. In our particular example, all 100 cases will have a significantly low E-value (2e-25) and a high bit score (98.6).

-Assume that the sequence in previous example has been compared against a sequence with the length of 60 and the obtained bit score is 22. Given this information and above formula what is the expected E-Value?
Using the given sequence:  E = 50 X 60 X 2-22 = 0.0007153

-Now, assume that the sequence in previous example has been compared against a sequence with an unknown length (sequence X) and the obtained bit score is 22 and the E-value is 0.00001. Given this information and above formula, what is the estimated length of sequence X?
Using the given sequence:  0.00001 = 50 X N X 2-22 = 0.8388 63

STEP 6: Alignment on Uniprot 
1-Note down the E-value & Percent Identity as follows

-What is the identity and gap percentage of your first hit? 
Identity-  98% (49/50)           gap percent-  0%

STEP 7: String Database 
1-You should now be able to view the interaction network b/w your protein of interest & other proteins in that organism. 
2-Clicking on the line attaching the proteins will bring up the interaction information box.
3-Scroll down and record the interactions b/w your protein of interest & the predicted functional partner proteins. 

-What are the scores of the predicted functional partners?
UreA +UreG =0.99
UreA +UreB = 0.99
UreA +UreH = 0.998
UreA +UreF = 0.998
UreA +UreE = 0.996
UreA +UreI= 0.964
UreA +hypB = 0.946
UreA +HP_1399 = 0.940
UreA +glmM= 0.937
UreA +gatA 0 747

STEP 8: Domain finding 
1-go to https://prosite.expasy.org/scanprosite?P76234
2-paste your unknown raw sequence 
3-uncheck the ‘exclude motifs with a high probability of occurrence from the scan’
4-hit start scan

-How many hits you got?
3 hits
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