Exercise 5 Associated Assay & Ligand Efficiency Data of Target Protein

EXERCISE OBJECTIVES
--To navigate the ChEMBL database
-Perform a “Target” search of unknown protein sequence.
Find target associated assays and ligand efficiency data.
-Explore potential inhibitors/modulators of target protein.

QUESTION: What similar structures to my protein exist in a matching protein and what are the ligands?

Step1: ChEMBL
1- Go to the ChEMBL (https://www.ebi.ac.uk/chembl/).
2- Type in the UniProt ID of your protein which has ChEMBL ID (from Ex1) (e.g., P14916) 
3- Click on your ChEMBL ID to open the ‘Target report card’ of your protein
4- On card - you can either scroll down to get to the corresponding sections or click on the ‘quick access shortcut link’ on the right
*there is a small chance that your protein is not curated in ChEMBL yet.

-What is the UniProt ID and corresponding ChEMBL ID of your protein of interest?
Uniprot ID- P14916    
ChEMBL ID: CHEMBL3885651

Step 2: Activity Charts
1- Navigate your way to the ‘Activity Charts’ by scrolling down or by clicking the quick access link
2- Activity Charts section contain the pie charts of Associated Bioactivities & Associated Assays
3- To see the results in more detail, click on either

- How many associated activities in total do you find for your protein? 
701

-How many assays in total?
63

Step 3: Ligand Efficiencies
1- Next, navigate to ‘Ligand Efficiencies’
2- You will find a graph plotting ‘Surface Efficiency Index (SEI)’ on x-axis against ‘Binding Efficiency Index (BEI)’ on y-axis
3- Each dot on plot represents a ligand, click on the dot to get more detail-such as chemical structure, type, mol. wt. etc. 
4- Also, the circles’ colors represent standard activity values in nM. 
5- Click on the compound with the highest SEI & BEI
6- On the popup, click on its ID (eg CHEMBL734 ID) to open 
7- ‘compound report card’ 
8- Scroll down to find target, assay & bioactive summaries   

- How many bioactivities your target protein has?
256

-What is the CHEMBL ID for the highest SEI & BEI compound? 
CHEMBL734

-Write the CANONIAL smiles of your compound mentioned under the report card (will need in Chimera)
CC(=O)NO

-How many targets & bioactivities does this compound has?
Targets= 32          Bioactivities= 122

Step 3a: Literature
1- Navigate your way to the ‘Literature’ by scrolling down or by clicking Literature’  on the quick access link 
2- Click on any bar
3- On the resulting page click on journal
4- On the resulting page also click on PubMed ID

 - Write down the top paper title, authors, journal name, year, and PubMed ID.
Title: An overview on the synthetic urease inhibitors with structure-activity relationship and molecular docking.
Authors: Yang W, Feng Q, Peng Z, Wang G.
Journal Name: European Journal of Chemistry
Year: 2022
PubMed ID:  35305460

Step 4: Similarity Search 
1- Go back to ‘compound report card’ 
2- Right click on the ChEMBL ID of the compound to open its link in a new tab.
3- Click on the ‘Structure Search’ on the report card 
4- In the opened window, you will see the structure of the compound in an editor.
5-  Here you can modify compound’s structure & perform below searches on modified structure.
- Connectivity
- Similarity (compd similar to ligand)
- Substructure
-eg, the default threshold for Similarity search is 95%, but it can be changed, if needed.

-Perform a similarity search with the different thresholds and indicate the number of results for each of the following (95% (default), 70% & 50%)
95% = 1 result
70% = 1 result 
50%= 6 results

-Take the screenshot of any 3 compounds’ structures
 [image: ]    [image: ]   


Step 5: Substructure Seach 
1-  Next, perform a Substructure search 
2-  Search Results will show many substructures
3- From the top left bar, further information about compounds could be obtained, eg heatmap etc
4- From the top right bar, structure of any checked compound can be downloaded in any format of choice, such as CSV, TSV, and SDF
5- The filters on the left bottom can be used to obtain further information, such as mol. Wt
6-  Under “Level 2 ATC Code Description” filter and click “J04 - ANTIMYCOBACTERIALS2” to get info about the antimycobacterials among your searched compounds
7- Now, click ‘browse activities’ in the center, then ‘browse drug mechanisms’ on popup
8- will get more info about the searched compounds

- How many hits do you get after a substructure search of your selected compound?
22,493 Compounds

-Take screen shot of first 8 structures.
[image: ]

[image: ]

Step 6: ENZYME (“ NiceZyme”)
1- Go to the ENZYME page (https://enzyme.expasy.org/). It can also be found through the ExPASy site.
2- type in the protein name (e.g., Urease) in the search bar and hit search
3- it will take you to Expasy page, click on the EC number on the left of your protein
4- It will bring you to the NiceZyme page with link to different databases

- What is the E.C number for your protein?
3.5.1.5

- What is the catalyzed reaction and/or co-factors?
2 H(+) + H2O + urea <=> CO2 + 2 NH4(+)

Step 7: Brenda Database 
1- From the NiceZyme page, select the EC number hyperlink next to BRENDA to get more info about your enzyme 
2- In BRENDA, select ‘enzyme-ligand interactions’ on the left to know the reactions, the enzyme is involved in.
3- Click ‘functional parameters’ which includes values (eg temperature optimum, pI value, etc.) 
4- Click ‘enzyme structure’ to get all structural entries with hyperlinks to the UniProt page.
5- Click on entries, and then on the number under literature - ctrlF - (not shown here)

- Take the screenshot of the ‘EC tree’ of your enzyme
[image: ]

-Take a screenshot of the ‘Word map’ of your enzyme.
[image: ]

-Take the screenshot of ‘Reaction Scheme’ of your enzyme.
[image: ]

-List 2 inhibitors of your enzyme from the BRENDA page.
-(+)-costunolide
-(2-[[(2-[[2-(hydroxy-kappaO)ethyl]amino-kappaN]ethyl)imino-kappaN]methyl]-4-nitrophenolato-kappaO)(methoxymethanolato-kappaO)zinc

-What is the pH & temperature range of your enzyme?
pH from 2 to 9.6, temperature from 10 to 60 C

-Write down the title & authors name from the entries under literature.

Pearson, M.A.; Park, I.S.; Schaller, R.A.; Michel, L.O.; Karplus, P.A.; Hausinger, R.P.
Kinetic and structural characterization of urease active site variants (2000), Biochemistry, 39, 8575-8574.
Krajewska, B.; Ciurli, S.
Jack bean (Canavalia ensiformis) urease. Probing acid-base groups of the active site by pH variation (2005), Plant Physiol. Biochem., 43, 651-658.
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