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Module 6: How to search PubChem for chemical 

information (part 2) 

Learning Objectives 

 

 Review identity search, substructure/superstructure search, and similarity search. 

 Review basic knowledge of molecular similarity methods. 

 Learn how to retrieve bioactivity data from PubChem. 

 Learn how to use PubChem’s Structure Clustering and Structure-Activity Relationship 

(SAR) Analysis tools 

 Learn how to analyze bioactivity data using PubChem’s web-based interfaces. 

 

1. Searching PubChem using a non-textual query 

        This section describes various searches that can be performed in PubChem.1-3  Currently 

PubChem has three different search interfaces: 

(1) PubChem homepage (http://pubchem.ncbi.nlm.nih.gov) 

(2) PubChem Chemical Structure Search 

(https://pubchem.ncbi.nlm.nih.gov/search/search.cgi) 

(3) PubChem Search (https://pubchem.ncbi.nlm.nih.gov/search/). 

As explained in Module 5, the PubChem homepage provides a search interface for all three primary 

databases (e.g., Substance, Compound, and BioAssay).  However, the search box on the PubChem 

homepage can accepts textual keywords only, and it is difficult to input non-textual queries (such 

as chemical structures).  The PubChem Chemical Structure Search allows users to perform various 

searches using both textual and non-textual queries.  This search interface is integrated with 

PubChem Sketcher,4 which enables users to provide the 2-D structure of a molecule as a query for 

chemical structure search.  While the PubChem Chemical Structure Search is limited to search for 

chemical structures, the PubChem Search allows users to search for bioassays, bioactivities, 

patents, and targets as well as chemical structures, but it is still in beta testing.  In this module, we 

use the Chemical Structure Search for chemical structure search. 

 

1.1. Molecular formula search 

        Molecular formula search allows one to find molecules that contain a certain number and type 

of elements.  Typically, molecular formula search returns by default molecules that exactly match 

http://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/search/search.cgi
https://pubchem.ncbi.nlm.nih.gov/search/
http://olcc.ccce.divched.org/2017OLCCModule5
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the queried stoichiometry.  For example,   a query of “C6H6” will return all structures containing 

six carbon atoms, six hydrogen atoms and nothing else.  However, molecular formula search 

implemented in some databases, including PubChem Chemical Structure Search, has an option to 

allow other elements in returned hits (e.g., C6H6O or C6H6N2O for the “C6H6” query). 

 

1.2. Identity search 

        Identity search is to locate a particular chemical structure that is “identical” to the query 

chemical structure.  Although identity search seems conceptually straightforward, one should keep 

in mind that the word “identical” can have different notions.  For example, if a molecule exists as 

multiple tautomeric forms in equilibrium, do you want to consider all these tautomers identical 

and search the database for all of them?  If your query molecule has a chiral stereo center, should 

you consider both R- and S-forms in your search?  In your identity search, do you want to include 

isotopically substituted species of the provided query molecule as well as the query itself?  

Depending on how to deal with these nuances of chemical structures, identical search will return 

different results.  The identity search in the PubChem Chemical Structure Search allows users to 

choose a desired degree of “sameness” from several predefined options.  To see these options, one 

need to expand the options section by clicking the “plus” button next to the “option” section 

heading.  

 

1.3. Substructure and superstructure search 

        When a chemical structure occurs as a part of a bigger chemical structure, the former is called 

a substructure and the latter is referred to as a superstructure.  For example, ethanol is a 

substructure of acetic acid, and acetic acid is a superstructure of ethanol. 

 

In substructure search, one provides an input substructure as a query to find molecules that contain 

the query substructure (that is, superstructures that contain the query substructure).  On the 

contrary, superstructure search returns molecules that comprise or make up the provided chemical 

structure query (that is, substructures that is contained in the query superstructure).  It should be 

noted that substructure search does not give you substructures of the query and that superstructure 

search does not return superstructures of the query. 

https://pubchem.ncbi.nlm.nih.gov/search/search.cgi
https://pubchem.ncbi.nlm.nih.gov/search/search.cgi
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        It is possible to include explicit hydrogen atoms as part of the pattern being searched.  For 

example, if you choose to do so, the SMILES queries [CH2][CH2][OH] and [CH3][CH][OH] will 

return molecules whose formula are R-CH2-CH2-OH and CH3-CH(R)-OH, respectively.  

Substructure/superstructure searches implemented in some databases remove by default explicit 

hydrogens from the query molecule prior to search, the two SMILES queries [CH2][CH2][OH] 

and [CH3][CH][OH] may give you the same result as what the SMILES query CCO does, unless 

you specify that explicit hydrogens should be included in pattern matching. 

        In addition to explicit hydrogen atoms, there are additional factors that may affect results of 

substructure/superstructure searches, for example, whether to ignore stereochemistry, isotopism, 

tautomerism, formal charge, and so on. 

 

1.4. Similarity search 

        Molecular similarity (also called chemical similarity or chemical structure similarity) is a 

fundamental concept in cheminformatics, playing an important role in computational methods for 

predicting properties of chemical compounds as well as designing chemicals with desired 

properties.  The underlying assumption in these computational methods is that structurally similar 

molecules are likely to have similar biological and physicochemical properties (commonly called 

the similarity principle).5  Molecular similarity is a straightforward and easy-to-understand 

concept, but there is no absolute, mathematical definition of molecular similarity that everyone 

agrees on.  As a result, there are a virtually infinite number of molecular similarity methods, which 

quantify molecular similarity.  Similarity search uses a molecular similarity method to find 

molecules similar to the query structure. 
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1.4.1. Two-dimensional (2-D) similarity methods 

 

        Molecular similarity methods can be broadly classified into two-dimensional (2-D) and three-

dimensional (3-D) similarity methods.  Typically, 2-D similarity methods use so-called molecular 

fingerprints.  The most common types of molecular fingerprints are structural keys, which encode 

structural information of a molecule into a binary string (that is, a string of 0’s and 1’s).  The 

position of each number in this string corresponds to a particular fragment.  If the molecule has a 

particular fragment, the corresponding bit position is set to 1, and otherwise to 0.  Note that there 

are many different ways to design molecular fingerprints, depending on what fragments are 

included in the fingerprint definition.  PubChem uses its own fingerprint called PubChem subgraph 

fingerprints. 

        In 2-D similarity methods, structural similarity between two molecules is estimated by 

comparing their molecular fingerprints.  Their similarity is quantified as a so-called similarity 

score or similarity coefficient.  While several different methods can be used for computation of a 

similarity score, the underlying ideas are the same as each other: if the two fingerprints have 1’s 

at the same position, it means that both compounds have the same fragment, and if the molecules 

share more common fragments, they are considered to be more similar.  In conjunction with the 

PubChem subgraph fingerprints, PubChem 2-D similarity method use the Tanimoto coefficient6-8 

𝑇𝑎𝑛𝑖𝑚𝑜𝑡𝑜 =
𝑁𝐴𝐵

𝑁𝐴 + 𝑁𝐵 − 𝑁𝐴𝐵
 

where NA and NB are the number of bits set in the fingerprints for molecules A and B, respectively, 

and NAB is the number of bits set in both fingerprints.  The Tanimoto score ranges from 0 (for no 

ftp://ftp.ncbi.nlm.nih.gov/pubchem/specifications/pubchem_fingerprints.pdf
ftp://ftp.ncbi.nlm.nih.gov/pubchem/specifications/pubchem_fingerprints.pdf
ftp://ftp.ncbi.nlm.nih.gov/pubchem/specifications/pubchem_fingerprints.pdf
http://pubchem.ncbi.nlm.nih.gov/help.html#tanimoto
http://pubchem.ncbi.nlm.nih.gov/help.html#tanimoto
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similarity) to 1 (for identical molecules).  2-D Similarity search returns molecules whose similarity 

scores with the query molecule are greater than or equal to a given Tanimoto cut-off value. 

 

1.4.2. PubChem 3-D similarity method 

 

 

 

        As an alternative to 2-D similarity search, 3-D similarity search can also be performed using 

the “3D conformer” tab in PubChem Chemical Structure Search.  3-D similarity methods use the 

3-D structures (that is, conformations) of molecules.  PubChem’s 3-D similarity method is based 

on the atom-centered Gaussian-shape comparison method by Grant and coworkers,9-12 

implemented in the Rapid Overlay of Chemical Structures (ROCS).13,14  While the underlying 

mathematics of this approach is beyond the scope of this module, what this method essentially 

does is to find the “best” alignment of the 3-D structures of two molecules, which gives the 

maximized overlap between them.  The 3-D similarity method quantifies the 3-D molecular 

similarity using three metrics. 

 Shape-Tanimoto (ST): quantifies steric shape similarity between two conformers. 

 Color-Tanimoto (CT): quantifies the overlap of functional groups between two conformers, 

such as hydrogen bond donors and acceptors, cations, anions, rings, and hydrophobes.  

 Combo-Tanimoto (ComboT): the sum of ST and CT scores between two conformers.  It takes 

into account the shape similarity (ST) and functional group similarity (CT) simultaneously.   

Because both the ST and CT scores range from 0 (for no similarity) to 1 (for identical molecules), 

the ComboT score may have a value from 0 to 2 (without normalization to unity).  Note that the 

ST, CT and ComboT scores between two molecules can be evaluated in two different molecular 

superpositions: (1) in the ST- or shape-optimized superpositions, and (2) in the CT- or feature-

optimization superpositions.  In the ST-optimization approach, the shape overlap between the 

molecules (that is, the ST score) are maximized and the single-point CT score is evaluated at that 

superposition.  On the contrary, the CT-optimization considers both ST and CT scores to find the 

best superposition between molecules, and the single-point ST score is computed at that 

superposition. 

http://pubchem.ncbi.nlm.nih.gov/search/search.cgi
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1096-987X(19961115)17:14%3C1653::AID-JCC7%3E3.0.CO;2-K/abstract
http://www.eyesopen.com/rocs
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        The 3-D similarity method used in PubChem requires the 3-D structures of molecules.  

PubChem generates a conformer ensemble containing up to 500 conformers for each compound 

that satisfy the following conditions15-17:  

• Not too big or too flexible (with  50 non-hydrogen atoms and ≤ 15 rotatable bonds).  

• Have only a single covalent unit (i.e., not a salt or a mixture). 

• Consist of only supported elements (H, C, N, O, F, Si, P, S, Cl, Br, and I). 

• Contain only atom types recognized by the MMFF94s force field. 

• Fewer than six undefined atom or bond stereo centers. 

About 90% of compounds in PubChem have computationally generated conformer models.  

Although each compound has up to 500 conformers (depending on the molecular size and 

flexibility), many PubChem tools and services support up to 10 conformers per compound.  It 

should be emphasized that these conformers are not energy-minimized but sampled from the 

conformational space of a given molecule in such a way that the sampled conformers represent the 

overall diversity of shape and feature of the molecule.15-17  These conformer models aim to 

generate bioactive conformers, which would be found in protein-ligand complexes.  For this 

reason, these conformers are often very different from their experimental structures determined in 

the gas phase. 

 

 

2. PubChem tools for cluster analyses 

        Cluster analysis or clustering18 divides a set of objects into groups (called clusters) so that the 

objects within a cluster are more similar to each other than to those in other clusters.  While cluster 

analysis is widely used in many areas, its most common application in Cheminformatics is to 

grouping compounds according to their similarity in structures, molecular properties, biological 

activities or combinations of these.  Because the similarity between molecules can be quantified 

in many different ways (as mentioned in the previous section), the result of clustering a set of 

compounds also depends upon how similarity among them are quantified.  PubChem provides two 

web-based tools that allow users to perform a cluster analysis of PubChem data:  the Structure 

Clustering tool and Structure-Activity Relationship (SAR) Analysis tool. 

 

2.1. The Structure Clustering tool 

  PubChem’s structure clustering tool is available at this URL: 

https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?p=clustering 

This tool allows users to cluster compounds based on PubChem 2-D or 3-D similarity and visualize 

the clusters in a dendrogram.19  The input compound list may be provided using a string, a text 

https://en.wikipedia.org/wiki/Cluster_analysis
https://en.wikipedia.org/wiki/Cluster_analysis
https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?p=clustering
https://en.wikipedia.org/wiki/Dendrogram
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file, or Entrez history.  The Structure Clustering tool computes similarity scores among the input 

compounds, which are subsequently used to cluster them through the single-linkage clustering 

algorithm20.  These similarity scores can be downloaded in the .csv (comma-separated values) 

format, which may be open in a spreadsheet program (such as MS Excel or GoogleSheet).  The 

thumbnail images of the compounds may be displayed next to the dendrogram, which help users 

visually inspect the structural similarity among them.  The clustering threshold may be adjusted 

by clicking an appropriate position on the similarity score axis (the horizontal line above/below 

the dendrogram). 

 

 

 

 

2.2. The Structure-Activity Relationship (SAR) Analysis tool 

 

https://en.wikipedia.org/wiki/Single-linkage_clustering
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        PubChem also provides the Structure-Activity Relationship (SAR) Analysis tool, available at 

the following URL: 

https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?p=heat 

It presents biological activity data in a heat map-style layout,21 in which the rows and columns 

correspond to the compounds and the assays being considered.  The compounds may be clustered 

by (either 2-D or 3-D) structural similarity or bioactivity similarity, and the assays may be clustered 

by similarity in the activity of tested compounds, target protein, depositor-specified related 

bioassays, or biosystems with the input assays.  Essentially, this tool displays the bioactivity data 

along with the clustering results of the compounds and the assays in which they are tested.  The 

SAR analysis tool helps users determine the common structural factor(s) among compounds that 

have similar biological activities against the target protein. 

https://pubchem.ncbi.nlm.nih.gov/assay/assay.cgi?p=heat
https://en.wikipedia.org/wiki/Heat_map
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Questions 

(Sample answers are in red.  These answers may be changed a little bit, because the contents in 

PubChem are updated regularly on a daily/weekly/monthly basis.  However, key points that each 

question is intended to emphasize will still be valid.) 

 

1. To perform an identity search for Cymbalta (CID 60835), go to the Chemical Structure Search 

page (https://pubchem.ncbi.nlm.nih.gov/search/search.cgi) and select the “Identity/Similarity” 

tab.  Expand the “Options” section by clicking the “plus” button and select the “Identical 

Structures” with “same connectivity” from the drop-down menus.  Expand the Filters section 

and limit the number of covalent units to 1 (by setting the range to “from 1 to 1”).  Provide the 

query CID in the search box and run the search.  Repeat the search with the “same isotopical 

labels” option selected.  Explain how the two different options affect the identity search results. 

(1) For “same connectivity”, 56 CIDs. 

(2) For “same isotopical lables” 3 CIDs. 

The first search returns molecules with the same connectivity as Cymbalta, ignoring the types 

of isotopes in the molecule.  As a result, most of the returned molecule are isotopomers of the 

query.  These isotopomers are removed in the second search, resulting in three CIDs. 

 

  

https://pubchem.ncbi.nlm.nih.gov/search/search.cgi
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2. Perform a 2-D similarity search using CID 5090 as a query.  Select the “Identity/Similarity” 

tab and expand the Options sections by clicking the “plus” button next to the “Options” section 

heading.  Select the “Similar Structures” and “95%” from the drop-down menus.  Expand the 

Filters section and limit the number of covalent units to 1.  Provide the CID query in the search 

box and press the “search” button.  Repeat the search with the following similarity search 

threshold: 90%, 85%, and 80%.   

1. How many records are returned for each search? 

(1) for 95%: 88 CIDs 

(2) for 90%: 504 CIDs 

(3) for 85%: 2023 CIDs 

(4) for 80%: 9441 CIDs 

 

2. The right column of the last search result page (for threshold >= 80%) shows what kind of 

information is available for the returned compounds.  Click the “Pharmacological Actions” 

link under “BioMedical Annotation” to choose the compounds with the Pharmacological 

Action annotations.  For each compound, check the information under the “Pharmacology 

and Biochemistry” section.  What pharmacological actions do these compounds have? 

 

Two compounds (CIDs 5090 and 5472495) have pharmacological action annotations: 

CID 5090 : cyclooxygenase 2 inhibitors 

CID 5472495 : cyclooxygenase inhibitors, anticarcinogenic agents, and antineoplastic 

agents. 

 

Note that CID 5090 is the query molecule of the similarity search.  This example 

illustrates that similarity search using a known cyclooxygenase inhibitor as a query can 

find another cyclooxygenase inhibitor structurally similar to the query. 
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3. Select the “3D Conformer” tab to perform a 3-D similarity search using CID 5090 as a 

query.  Expand the Options section and select the “(Sort results by) Shape-then-feature” 

and “(output to) NCBI Entrez” options from the drop-down menus.  Expand the Filters 

section and limit the covalent unit count to 1.  Type the query CID in the search box and 

press the “search” button.  How many compounds are returned?  How many CIDs have 

pharmacological action annotations.  Compare the results from 3-D similarity search with 

those from 2-D similarity search. 

8377 CIDs have been returned. 

Seven compounds have pharmacological action annotations. 

CID 2662 : Cyclooxygenase 2 Inhibitors 

CID 3177: non-steroidal anti-inflammatory agents, cyclooxygenase inhibitors. 

CID 5090: cyclooxygenase 2 inhibitors 

CID 115239: Cyclooxygenase Inhibitors 

CID 119607: cyclooxygenase 2 inhibitors 

CID 123619 : Cyclooxygenase 2 Inhibitors 

CID 9865808 : Cyclooxygenase Inhibitors 

The 2-D and 3-D similarity searches gave non-overlapping compounds. 
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4. In this question, you will learn how to explore PubChem’s bioactivity data. 

 

(a) Search the PubChem Compound database for seretide, without any Entrez index specified.  

Initially, you will get more than a thousand compounds because the auto-correction 

functionality of the search system will modify the query to “selenide”.  Make sure that you 

search for “seretide”, by clicking “seretide” in the message “Search instead for seretide” 

presented at the top of the DocSum page.  How many compounds are retrieved?  What are 

their CIDs? 

 

Two compounds.  CIDs 9811567 & 56841124. 

 

(b)  Go to the Compound Summary page for each compound in (a) and retrieve its component 

compounds by clicking the “Mixtures, Components, and Neutralized Forms” item in the 

“Related Compounds” section.  What are the CIDs for the component compounds for each 

compound in (a). 

 

            For CID 9811567, CIDs 5152 and 444036  

            For CID 56841124, CIDs 5152 and 56841125 

 

(c) What is the common component that appears in all compounds retrieved in (a)?  What are 

the non-common components that occur in only one of the compound in (a)?  What is the 

difference between the non-common components of the compounds in (a)? 

 

The common component of CIDs 9811567 and CID 56841124 is CID 5152. 

The non-common components of CIDs 9811567 and 56841124 are CID 444036 and  

56841125, respectively. 

The configuration of the chiral carbon at the 9 position (to which the fluorine atom is 

attached) is unspecified in CID 56841125 and (R) in CID 444036. 

 

(d) Go back to the DocSum page for the search for “seretide”, and retrieve their component 

compounds by selecting “PubChem Compound” -> “Mixture/Component Compounds” 

from the drop-down menu under the “Find Related Data” on the right column.  This directs 

you to the DocSum page that presents all components you retrieved in (b).  Refine the list 

by selecting only those with pharmacological actions annotations (available under the 

Biomedical annotation on the right column).  What are the CIDs of these compounds?  
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What are the names of these compounds used as the titles of their Compound Summary 

page? 

 

        CID 5152 (salmeterol) and 444036 (fluticasone propionate) 

 

(e) For each compound in (d), go to the “Pharmacology” section of its Compound Summary 

page and find the target receptor to which the compound bind 

 

CID 5152 : beta-2 adrenoreceptor or adrenergic beta-2 receptor 

CID 444036 : glucocorticoid receptor 

 

(f) Find compounds that are more potent than the compounds in (d) against the same targets, 

using the following steps: 

 

(i) For each compound in (d), go to the “BioAssay result” section of its Compound 

Summary page.  This section displays bioactivity data for the compound in a tabular 

format.  Click the “Refine/Analyze” button above the top-right corner of the table to 

go to the Bioactivity analysis tool.  This directs you to the page that allows you to filter 

the bioactivity data by various criteria.  How many targets has this compound been 

tested to be active against?  [It’s mentioned at the top of the page.] 
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        For CID 5152 : 16 targets 

        For CID 444036 : 4 targets 

 

(ii) Filter the bioactivity data by selecting “active” for the bioactivity outcome and 

“EC50” for the BioActivity types.  Sort the table by EC50 value in ascending order.  

What is the target name and accession for the bioactivity data that appear at the top of 

the sorted list (that is, the target of the compound with the smallest EC50 value)? 

 

 

        For CID 5152 : P07550 (beta-2 adrenergic receptor). 
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        For CID 444036 : P04150 (glucocorticoide receptor). 

 

(iii) Click the accession number of the target in (ii) to go to the page that presents all 

bioactivity data against the target.  Filter the data by selecting “EC50” for the 

bioactivity type, and click the “Download Table” button at the top-right corner of the 

table to download the selected data in a tab-delimited txt file.  Open this file in Excel 

(or Google Sheet) and sort the table by AC value in ascending order (from smallest to 

largest).  How many compounds are more potent than the CID in (d) (that is, those 

with smaller EC50 values)? [Note that a compound may have multiple EC50 values 

determined from different experiments (likely under different experimental 

conditions).  Therefore, one often needs to check all available experimental values to 

choose the most reasonable value to use in subsequent analysis.  In this homework 

question, use the smallest EC50 value (for simplicity) if there are multiple values.] 

 

 

        For CID 5152: 29 compounds 

        For CID 444036: 22 compounds. 
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5. This question is designed to help you understand how various tools in PubChem can be used 

together to analyze the bioactivity data of a group of chemicals. 

 

(a) Go to the Classification Browser (https://pubchem.ncbi.nlm.nih.gov/classification) and 

select “MeSH” for classification, “Compound” for data type counts to display, and “No” 

for whether to display zero count nodes.  Then select the Anti-allegic agent node from the 

MeSH tree (by clicking Chemical and Drug Category  Chemical Actions and Use  

Pharmacological Actions  Therapeutic Uses  Anti-allergic agent).  How many 

compounds do you get  

 

112 Compounds. 

 

(b) Some of the compounds retrieved in (a) contain active drug ingredients as well as their 

salt and mixtures.  For simplicity, limit the search only to monomeric, neutral molecules 

without minor isotopes by combining the retrieved search results [from (a)] with the 

following Entrez indices: 

 1:1[CovalentUnitCount]  

 0:0[IsotopeAtomCount] 

 0:0[TotalFormalCharge]  

How many compounds do you get? 

 

58 CIDs 

 

(c) Click the “Structure Clustering” button near the top of the right column, to get the 

dendrogram that shows the compounds in (b) clustered into small groups at the clustering 

threshold of 0.9 (in terms of PubChem 2-D similarity).  Click the “Show 2D thumbnails” 

button under the “2D/3D” tabs to show the 2-D images of the molecules next to the 

dendrogram.  Click the midpoint (~0.65, not necessarily exact) between 0.6 and 0.7 on 

https://pubchem.ncbi.nlm.nih.gov/classification
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the similarity score axis (the horizontal line above/below the dendrogram). 

 

 

 

(i) From the dendrogram, you can see that the compounds can be classified roughly 

into three groups.  Group A has two compounds, CIDs 71120 and 188803.  These 

are “dipeptides”, which have two amino acids connected with a peptide bond. For 

convenience, duplicate this web page in a new window to avoid generating the 

page again.  Click the blue circle on the node (on the dendrogram) that 

corresponds to group A, and then “Compounds in Entrez”.  Go to the Compound 

Summary pages of these compounds and find their IUPAC-condensed biologic 

line notations and record them below.  What are the relationship between these 

two compounds? 

 

CID 71120 : Ac-D-Asp-Glu-OH 

CID 188803 : Ac-Asp-Glu-OH 

They are enantiomers of each other. 
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(ii) Go back to the dendrogram page and duplicate it again in a new window.  Group 

B includes 24 compounds. Click the parent node of the two biggest clusters (with 

21 CIDs & 2 CIDs, respectively), and then the “Compounds in Entrez” link to go 

to the DocSum page that presents the 23 CIDs.  Click “All 5 pharmacological 

actions” under the BioMedical annotation section on the right column.  What are 

the five pharmacological actions associated with at least one of these 23 

compounds?  Provide a short description about each pharmacological action (you 

can copy and paste the descriptions presented on the MeSH DocSum page). 

 

 Anti-Allergic Agents 

Agents that are used to treat allergic reactions. Most of these drugs act by 

preventing the release of inflammatory mediators or inhibiting the actions of 

released mediators on their target cells. (From AMA Drug Evaluations Annual, 

1994, p475) 

 Glucocorticoids 

A group of CORTICOSTEROIDS that affect carbohydrate metabolism 

(GLUCONEOGENESIS, liver glycogen deposition, elevation of BLOOD 

SUGAR), inhibit ADRENOCORTICOTROPIC HORMONE secretion, and 

possess pronounced anti-inflammatory activity. They also play a role in fat and 

protein metabolism, maintenance of arterial blood pressure, alteration of the 

connective tissue response to injury, reduction in the number of circulating 

lymphocytes, and functioning of the central nervous system. 

 Dermatologic Agents 

Drugs used to treat or prevent skin disorders or for the routine care of skin. 

 Bronchodilator Agents 

Agents that cause an increase in the expansion of a bronchus or bronchial tubes. 

 Anti-Inflammatory Agents 

Substances that reduce or suppress INFLAMMATION. 

 

 

(iii) Go back to the dendrogram page and duplicate it again in a new window.  Click 

the parent node of all clusters containing the Group C compounds. (32 CIDs) and 

then the “Display Subtree Only” link to present only the 32 CIDs on the 

dendrogram.  Click the “Export Similarity Data” below the dendrogram (near the 

bottom of the page) to download (in .csv format) the 2-D similarity scores among 

the 32 compounds used to generate the dendrogram.  Click the 3-D button of the 

dendrogram to generate a new dendrogram using 3-D similarity scores.  

Download the 3-D similarity scores by clicking the Export Similarity Data” 

button below the dendrogram.  After opening the two downloaded score files in 
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Excel or Google Sheet, compute the difference between the 2-D and 3-D 

similarity scores for each CID pair, using the following equation: 

 

 = (3-D score) / 2 – (2-D score). 

Note that the 3-D similarity score is divided by 2, because it ranges from 0 to 2, 

while a 2-D similarity score can range from 0 to 1.  Report the CID pair with the 

smallest  value (which means that the pair has a small 2-D score but a large 3-D 

score).  Also report the CID pair with the largest  value (which has a large 2-D 

score, but a small 3-D score). 

 

(CID1, CID2) 2-D score 3-D score  

[= (3D/2)  2D] 

3100, 4098 0.309 1.29 0.336 

40915, 44564 0.925 0.75 -0.550 

 

 

(iv) Go to the PubChem home page (https://pubchem.ncbi.nlm.nih.gov) and click the 

“Structure Clustering” button available on the right column.  Using the CIDs from 

(iii) as inputs to the Structure Clustering tool, generate a dendrogram based on 3-

D similarity score.  Clicking the node for the cluster that contains the CID pair 

from (iii) and then “Compounds in 3D Viewer” to visualize the 3-D superposition 

of the two compounds.  Briefly describe the complementarity between 2-D and 3-

D similarity methods, using the conformer pairs from (iii) as an example. 

https://pubchem.ncbi.nlm.nih.gov/
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Answers may vary. 

 

 

(d) Go back to the search result page from (b). Through “Find Related Data”, retrieve 

assays in which any molecules being considered are found to have a submicromolar 

potency.  The retrieved AIDs may or may not have protein target information (for 

example, for some assays performed on whole cells or organisms without specific target 

macromolecules).  Select those with the target information by clicking “Proteins” under 

the “Targets” part of the “Refine your results” section at the top of the right column. 

 

189 AIDs 

 

(e) Go to the PubChem home page and then click the “BioAssay Tools” -> “SAR” buttons 

on the right column.  Select the compound search history from (b) and the assay search 

history from (d) as input CIDs and AIDs.  Then click the “Go” button.  When a heat map 

of the bioactivity data is displayed, select “Protein target” similarity for “Cluster 

BioAssays by” and “Activity (IC50 etc.)” for “Activity Data” and click the “Apply” 
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button.  The rows of the heat map correspond to tested compounds and the columns 

represent the proteins against which the compounds were tested.  The legend near the 

top-left corner of the heat map explains how bioactivity data are color-coded.  (Basically, 

red/orange mean “strong activity against the target” against the target, and green/blue 

mean “weak activity against the target”.  Grey means no data available or not tested.)  

Answer the following questions. 

 

(i) Many anti-allergic drugs are classified as anti-histamines because they opposes the 

activity of histamine receptors.  From the heat map, find the region that show 

bioactivity data against histamine receptors.  How many blue or green cells exist in 

this region of the heat map? 

 

None 

 

 

(ii) About 25% of compounds displayed in the heat map do not have bioactivity data 

against histamine receptors.  What compound group [from (c)] do these compounds 

belong to?  

 

Group B  

 

 

(iii) From the heat map, find the high-activity cells (red/orange regions) for the 

compounds in (ii) against the protein GIs (numeric identifiers presented at the top 

axis of the heat map) listed in the table below and record the names of the proteins. 

 

 

GI Protein name 

348019672 Estrogen nuclear receptor alpha 

311348376 Glucocorticoid receptor 

124375976 Androgen Receptor (AR) protein 

 

 

 

(iv) Search the web for one known endogenous ligand (as an example) for each protein 

in (iii), and provide the structure below (you are allowed to copy and paste the 

images of the ligands). 
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(estradiol for estrogen receptor) 

 
(hydrocortisone for glucocorticoid receptor) 

 
(testosteron for androgen receptor) 

 

 

 

(v) Explain why compounds in (ii) have strong activities against the proteins in (iii).   

Answers may vary, but basically, both the anti-allergics in (ii) share the common 

structural unit as endogenous ligands in (iv) for the proteins.  That is, all of them are 

steroids. 

 

 

(vi) Neutrotransmitter receptors (such as adrenergic receptors, dopamine receptors, 

serotonin receptors, and muscarinic acetylcholine receptors) play an important role 

in the central nervous system.  Among the three compound groups in (c), which one 

shows a strong activity against these receptors? 

 

https://en.wikipedia.org/wiki/Neurotransmitter_receptor
https://en.wikipedia.org/wiki/Central_nervous_system
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Group C (anti-histamines).   

Note: Common side effects of antihistamines (e.g., drowsiness and sedation) may 

be explained (partially) by their activity against these neurotransmitter receptors.  

[That is, some (first-generation) antihistamines lack selectivity for its intended 

target (H1-histamine receptor).].  Another reason for CNS-related side effects of 

anti-histamines are related to their ability to penetrate the blood-brain barrier, which 

is not covered by the bioactivity data set I have selected. 

 

 

 

(vii) Read the first paragraph of this Wikipedia article about hERG protein 

(https://en.wikipedia.org/wiki/HERG), and explain (in two or three sentences) what 

the role of this receptor is in the human body and why this target is important in 

drug discovery and development. 

 

hERG regulates the electrical activity of the heart that coordinates the heart’s 

beating.  The blockage of this protein by a drug candidate often causes severe 

cardiotixicity. 

 

 

(viii) From the heat map, find the compounds with the strongest activity against the 

hERG protein.  What is the CID of this compound?  Go to the Compound Summary 

page of this compound and review the information in the “7. Drug and Medication 

Information”.  Write a paragraph (of no more than 5 sentences) that includes the 

following information: 

 

 CID and chemical name of this compound 

 Intended uses/indications of this compound. 

 Summary of adverse side effects 

 Explanation of the underlying mechanism for the adverse side effects.  

 Current marketing status of this compound 

 

CID 2247 (astemizole) is an anti-allergic drug for treatment of rhinitis and 

conjunctivitis.  It is a strong inhibitor of hERG, which regulates the electrical 

activity of the heart that coordinates the heart’s beating.  Therefore, the drug 

showed a strong cardiotoxicity, causing many side effects such as arrhythmia, 

altered repolarization, notched inverted T waves, prominent TU waves, prolonged 

QT interval, ….As a result, it has been withdrawn from the market. 

 

 

https://en.wikipedia.org/wiki/HERG

