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In the last ten years, public online databases have

rapidly become trusted valuable resources upon

which researchers rely for their chemical

structures and data for use in cheminformatics,

bioinformatics, systems biology, translational
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medicine and now drug repositioning or

repurposing efforts. Their utility depends on the

quality of the underlying molecular structures

used. Unfortunately, the quality of much of the

chemical structure-based data introduced to the

public domain is poor. As an example we describe

some of the errors found in the recently released

NIH Chemical Genomics Center ‘NPC browser’

database as an example. There is an urgent need

for government funded data curation to improve

the quality of internet chemistry and to limit the

proliferation of errors and wasted efforts.

US funding agencies have been investing in the development of

public domain chemistry platforms with the primary attention

being given to the informatics platform itself rather the quality of

the data content. This is clearly exemplified by the recently

released NPC browser from the NIH Chemical Genomics Center

(NCGC) [1]. Public online databases such as PubChem, ChemID-

Plus [2] and the EPA’s ACToR [3], to name just a few, have rapidly

become trusted valuable resources which researchers rely on for

downloadable chemical structures and associated data. While

online chemistry databases can certainly be of value, we feel the

reader should be immediately alerted to consider issues of data

quality when using these resources and we call into question both

their status and the trust we place in them. To our knowledge the

issues we raise, using the example of a recently released database,

have not been described elsewhere and the user community, and

funding agencies, should not ignore them any longer. The devel-

opment of cheminformatics platforms without due care given to

the data quality they contain, is a poor strategy for long term

science.

In the last decade numerous attempts have been made to

expand our understanding of biological mechanisms by producing

vast ligand and protein–protein interaction databases and by the

application of computational methods to mine the data and,

where possible, develop computational models. These approaches

have enabled: the clustering of biological activity spectra similarity
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[4–6], global mapping of pharmacological space [7], drug-target

networks of approved drugs [8,9], side effect networks from the

World Drug Index [10], and prediction of off-target effects of FDA

approved drugs and investigational compounds [11], to name but

a few of the many examples.

By assimilating various data sources together and meshing data

on drugs, proteins and diseases these various databases, network

and computational methods may be useful for evaluating mole-

cules for repurposing for new uses that could accelerate drug

discovery screening efforts [12–16]. The utility of such databases

clearly depends on the quality of the data they contain and, in

terms of assembling and interlinking of the databases, on the

quality of the underlying molecular structures used.

Virtually all of the databases created are dependent on predo-

minantly freely available sources of molecular structures such as

those available from the National Institutes of Health PubChem

database [17], the European Bioinformatics Institute-European

Molecular Biology Laboratory databases [18], DrugBank [19], the

Human Metabolome Database [20], KEGG [21] and ChemSpider

[22,23]. Until recently [1], there was no recognized ‘gold standard’

public database of molecules that represents current FDA approved

drugs (with validated structures), which failed during clinical

trials, were withdrawn by regulatory authorities because of adverse

events or were removed from the market by manufacturers.

Observations on compound quality from the NPC
browser
We have previously noted that while PubChem has become both

a repository of deposited information and a source of trusted
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FIGURE 1

A map of linked open data. The green circles and interconnections show various

structures between various online resources of value to drug discovery (http://ww
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information for other databases to use (see Fig. 1), errors have

been found to proliferate from here to other databases on the

internet when the content is downloaded and reused [24]. We can

look at a more recently released public chemistry database as an

example of why this is an ongoing issue that needs urgent atten-

tion. The NCGC released ‘a comprehensive resource of clinically

approved drugs to enable repurposing and chemical genomics’ [1] in

the form of the NPC browser. This database will be used along

with the NCGC screening resources as a component of the NIH

therapeutics for rare and neglected diseases (TRND) program. It

was suggested that considerable effort went into dealing with

semantic errors and sourcing the correct structures [1]. However,

from our analysis of the ‘HTS amenable compounds’ subset of data

for>7600 compounds it has been possible to identify fundamental

errors in stereochemistry (see Fig. 2), valency issues and charge

imbalances [25–27]. Similar issues were seen upon analysis of the

‘NPS screening data set’ for >3200 compounds which were sug-

gested as having undergone quality control. Based on early ana-

lyses, estimates range from 5% to over 10% of the molecules

having errors, while close examination of particular subsets have

shown errors of >70% in the absolute structural integrity of the

chemicals [28]. These analyses do not consider that the whole

dataset consists of over 14 000 compounds and these may also

have errors in them requiring correction. While the NCGC suggest

the community can help them check the database quality [1],

correction of these errors manually will be an enormous under-

taking regardless of the much needed curation mechanism, and it

is not clear that this will improve the data quality fast enough, or

whether there is funding to perform this. In fact, as yet, it is not
Drug Discovery Today 

chemistry databases and the links between them showing the sharing of
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FIGURE 2

Stereochemistry issues with the content of the NPC browser database: left

hand side ‘NCGC Structures’ and right hand side ‘Correct Structures’.
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widely reported that there are fundamental structure errors in the

database. Our observations also raise the issue of whether this

database was adequately reviewed before it was published as part of

a peer reviewed article, and if not, what reliable mechanisms exist

for reviewers to perform this? What if any tools are available to

check compound quality of databases? Should molecule databases

have some authentication certificate as a sign of quality? It should

be noted that the data reported here represent a point in time for

the dataset and curation efforts are ongoing.

Chemistry database quality and its effects are themselves little

studied. The effects that the correctness of structures has on

computational models has been discussed by others [29,30] and

indicated that �10% of datasets used in quantitative structure

activity relationship (QSAR) studies published in the Journal of

Medicinal Chemistry and in QSAR and Combinatorial Science

contain errors with respect to their chemical structures and/or

biological activities [29]. While these data may not specifically

relate to public chemistry databases but rather peer-reviewed

literature, they provide evidence that errors can easily be found

and from these publications and that they can proliferate further

as that data is cited and reused. The importance of chemical data

curation in the context of QSAR modeling is important [31], with

small structural errors in a dataset leading to significant losses of

predictive abilities of QSAR models. Manual curation of structural

data can lead to improvement in the model quality [30,31]. In the

field of bioinformatics, the construction of publicly available

protein and nucleic acid sequence databases as well as protein

structure databases can be impacted by erroneous data which

influences the outcome of sequence and structure alignment

methods [32].
Recommendations
We propose that it is timely to highlight the issue of quality for

internet-based chemistry resources if they and their content are to

be used for drug repurposing [33,34] (as in the case of the NPC

Browser) or integrated into other cheminformatics or bioinfor-

matics resources for drug discovery. It is not yet appropriate to

treat any public chemistry database as authoritative and the errors

in the NPC browser suggest that it is not yet ‘a comprehensive resource

of clinically approved drugs’. Users should be vigilant in their use and

reliance on the chemical structures and data derived from this and

other public sources. Ultimately users should obviously be con-

scious of the trust they are placing in such free resources. There is

an urgent need for recognition of this issue and for government

funding of data curation for the NPC Browser, PubChem, and

other databases to improve the overall quality of chemistry on the

internet and stem the proliferation of errors. Without this, crowd-

sourced efforts to validate the data in other resources such as

ChemSpider and Wikipedia will need to serve the community

as fully as possible with limited resources. In the meantime,

researchers using previously published data or software resources

that leverage any of these databases (that may have erroneous

structural content) should either take steps to determine any errors

or use the outputs and predictions with extreme caution. Publish-

ers also need to consider the quality of molecule databases prior to

publishing papers on them, at least requiring random quality

checks, and this may require the development of standards that

follow some minimum standard for quality and structural integ-

rity in the same way that we have minimal standards for micro-

array and other data [35]. Several important questions need

addressing such as: how do we ensure that molecule structures

are as close to 100% correct as possible?; who corrects the errors in

public databases?; how much does it cost to create flawed data-

bases and can the research funding be better spent elsewhere

perhaps by outsourcing these efforts? There is a need for a free

‘gold standard’ chemical/drug database, however the NPC browser

requires considerable careful curation before reaching that status.
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