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Finding  novel  chemical  agents  for targeting  disease  associated  drug  targets  often  requires  screening  of
large  number  of  new  chemical  libraries.  In silico  methods  are  generally  implemented  at  initial  stages  for
virtual  screening.  Filtering  of  such  compound  libraries  on physicochemical  and  substructure  ground  is
done  to  ensure  elimination  of  compounds  with  undesired  chemical  properties.  Filtering  procedure,  is
redundant,  time  consuming  and  requires  efficient  bioinformatics/computer  manpower  along  with  high
end software  involving  huge  capital  investment  that  forms  a major  obstacle  in  drug  discovery  projects  in
academic  setup.  We  present  an  open  source  resource,  FilTer  BaSe-  a  chemoinformatics  platform  (http://
ompound libraries
ilTer BaSe
irtual screening
ubstructure searching
hemoinformatics

bioinfo.net.in/filterbase/) that  host  fully  filtered,  ready to use  compound  libraries  with  workable  size.
The  resource  also  hosts  a  database  that  enables  efficient  searching  the  chemical  space  of  around  348,000
compounds  on  the  basis  of  physicochemical  and  substructure  properties.  Ready  to  use  compound  libraries
and database  presented  here  is expected  to aid  a helping  hand  for new  drug  developers  and  medicinal
chemists.
ioinformatics
rug discovery

. Introduction

For many years in the past, the drug discovery process pri-
ritized chemical synthesis and in vitro/in vivo testing at earlier
tages and amendment of compound’s Absorption, Distribution,
etabolism, Excretion and Toxicity (ADMET) properties at later

tages in the drug discovery pipeline. The failure reason of new
olecules in that time was attributed to indigent pharmacoki-

etic properties, lack of efficacy and undesired toxicity effects
1,2]. Reports are published demonstrating that over 90% of com-
ound dropping out of drug discovery pipeline at various stages
re attributed to acute toxicity, while two out of three drug can-
idates are withdrawn from market due to either hepatotoxicity

nd/or cardiovascular associated complications [3]. However, due
o drastic paradigm shift in pharmaceutical research, ADMET test-
ng is now being given central importance at the earlier stages in

Abbreviations: ADMET, absorption distribution metabolism excretion and toxi-
ity; MW,  molecular weight; tPSA, topological polar surface area; PAINS, pan assay
nterference compounds; QASR, quantitative structure–activity relationship.
∗ Corresponding author.

E-mail address: rohan@bioinfo.net.in (R.J. Meshram).
1 Author contributed equally with first author.
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the drug discovery pipeline. Several in vitro and in silico approaches
have been devised for prediction of some key ADMET properties [4].
In terms of predicting compound properties, the pioneering “rule-
of five” can be considered as a cornerstone that handles the issue
of oral bioavailability [5]. However, many anti infectious agents,
some anti-cancer drugs and natural compounds tend to escape
these rules [6]. Therefore, more extensive set of rules are now iden-
tified and added to the list of descriptors that are regularly used to
precisely predict not only ADMET properties, but also identify drug
like properties [7].

There are numerous resources that provide compound collec-
tions online [8,9] 4SC (http://www.4sc.com/), Ambinter (http://
www.ambinter.com/libraries), ChemDiv (http://www.chemdiv.
com/resources/downloads/). Either being commercial and/or pro-
vided in unfiltered form limits their utility in academic labs (or
small biotech companies) since subsequent filtering procedure
require significant amount of time, expert bioinformatics and com-
putational manpower that constitute a major bottle neck. The
escalating cost of commercial software that handle large compound
datasets and their subsequent virtual screening largely restrains

effective drug discovery programs in academic setup where usage
of open source software is preferred. To address these issues,
we present a chemical resource “FilTer BaSe” that hosts fully fil-
tered compound libraries with manageable size. Short compound

https://doi.org/10.1016/j.jmgm.2017.12.020
http://www.sciencedirect.com/science/journal/10933263
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Fig. 1. Workflow implemented 

ibraries ready for direct virtual screening can be downloaded from
ere in popular format (sdf and mol2) to reduce the redundant and
ime consuming work of library filtering.

The resource also host a database that enables user to search for
pecific compounds. Queries can also be made on physicochemical
arameters. Additionally, we also implement a substructure search
tility for efficient structure based querying for identification of
ompounds with specific functional group.

. Methodology
A compound library was obtained, formatted and filtered on
asis of standard physicochemical and substructure filtering rules.
iltering classified the compounds into accepted, rejected and
eration of resource FilTer BaSe.

intermediate categories. The 3D coordinates for the accepted com-
pounds were generated and provided online in mol2 format.
Filtering data is included in a separate database for the efficient
physicochemical property based searching. Substructure searching
utility was  implemented for conducting chemical fragment based
searching in accepted class of compounds. The complete workflow
implemented in current study is represented in Fig. 1.

2.1. Compound library acquisition and splitting
Asinex compound library was obtained from ligand.info Meta-
Database (http://ligand.info/) containing 348,276 compounds [10].
Managing large sized compound libraries becomes a difficult task in
academic setup with limited computational/bioinformatics human

http://ligand.info/
http://ligand.info/
http://ligand.info/
http://ligand.info/
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Fig. 2. Summary of protocol ut

esource and usage of open source software for virtual screening are
ommon scenario. Huge compound libraries can become manage-
ble in terms of subsequent filtering as well as virtual screening
f fragmented in workable pieces. Therefore, the initial compound
ibrary, obtained in sdf format, was fragmented in manageable
ieces by parsing the compound library using a Python script. Each
ragmented part consist of 3000 compounds, thus generating 117
ub libraries. Each sub library was named as Part-1 (containing
ompounds 1–3000), Part-2 (containing compounds 3001–6000)
nd so on. Thus, we have named first compound from first part as

ompound 1-P1.The last compound library (i.e. Part-117) contains
76 compounds.
for filtering compound library.

2.2. Compound library formatting and filtering

Each sub-library was subject to extensive filtering process using
web based filtering tools at the FAF-Drugs server (http://fafdrugs4.
mti.univ-paris-diderot.fr/) [11]. This server contains tools that
accepts inputs in web  based forms and provides output in com-
pressed archives. For a process such as ADMET filtering, the
presence of salt associated to a compounds in its description can
bias the filter (molecular weight (MW),  logP calculation, etc.). After
previous, fragmentation, the individual pieces were also in sdf for-

mat, hence they were first converted to SMILES, since Desalt service
requires input in SMILES format. This task is carried out using Open
Babel software [12]. Desalt service apply a series of rules to remove

http://fafdrugs4.mti.univ-paris-diderot.fr/
http://fafdrugs4.mti.univ-paris-diderot.fr/
http://fafdrugs4.mti.univ-paris-diderot.fr/
http://fafdrugs4.mti.univ-paris-diderot.fr/
http://fafdrugs4.mti.univ-paris-diderot.fr/
http://fafdrugs4.mti.univ-paris-diderot.fr/
http://fafdrugs4.mti.univ-paris-diderot.fr/
http://fafdrugs4.mti.univ-paris-diderot.fr/
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ig. 3. (A) Illustration for arrangement of part-wise filtering data. (B) Details of par
ol2  format (Results obtained from FAFDrugs server [11].).

alt from associated with the compounds. An internal SMILES defi-
ition of Pybel [13] of each compound is analysed in order to detect
eparating points (structure smaller than 6 atoms is considered as
 salt), the biggest structure is retained. After elimination of salts
rom the compound library, it was further subjected to filtering
rocess.
 filtering and statistics. (C) Tabulated link of part-wise accepted compounds in 3D

Before the application of filtering protocol, the library is required
to be appropriately formatted to remove empty structures, inor-
ganics, mixtures, counter ions, isotopes etc. In the next stage of

formatting, issues like protonation and normalization of compound
libraries are generally dealt. Duplicate compounds were detected
and eliminated using internal definitions stated in Pybel module of
each normalized compounds.
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Fig. 4. Performing Basic Search. (A) Illustrating selection of compound id and its corresponding part. (B) The result of the query is divided into five sections containing
Compound information like compound id, name and SMILES notation. The compound can also be downloaded in sdf format. Properties section highlights physicochemical
properties of compounds like logP, molecular weight flexibility etc [11]. Bioavailability section provides information on compound’s performance on three general rules like,
Lipinski’s Rule of five [5], Veber Rules [14] and Egan Rule along with solubility [28] and phospholipidosis status [29]. PAINS Filter section furnish PAINS status of the compound
[24]. The last section substructure filter results presents final compound status, whether it is accepted, rejected or it is an intermediate compound. If the compound falls
in  either of rejected or intermediate category, the reasons for the status are also shown. Similarly, compounds can also be searched using their SMILES notation or exact
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ompound name from the library.

Library filtering typically entails two major aspects. The first
spect deals with the inspection and filtering on basis of physic-
chemical properties. These parameters are often used to deduce
ompounds oral bioavailability and drug likeness properties. The
econd aspect of filtering is scrutinizing the library for pres-
nce of undesirable functional groups and moieties. Presences of
uch undesirable groups adversely affects the experimental high
hroughput screening assays and are thus essential to be elimi-
ated.
.2.1. Physicochemical filters
In addition to four descriptors stated by Lipinski (i.e. MW,  logP

nd number of hydrogen bonds donor and acceptors), numer-
ous other physicochemical filtering rules are routinely applied for
efficient screening of compounds. Following section deals with
brief explanations of various physicochemical descriptors popu-
larly used in screening huge compound libraries.

Studies have demonstrated that compounds having topological
polar surface area (tPSA) ≤ 160 prove to be good lead candidates
[5]. Analysis involving molecular properties of drug candidates
suggests that compounds with ≤ 9 rotatable bonds positively influ-
ences the oral bioavailability of drug candidates [14]. Compounds
with rigid bonds ≤ 30 are characterized to possess good drug-like

properties [15]. Compounds containing ≤ 4 number of rings are
found to be a better lead candidates while compounds with ring
size of ≤ 18 atoms are observed to possess optimal lead like prop-
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Fig. 5. Performing advanced search. (A) Illustration demonstrat

rties [15]. Organic compounds with number of carbons ranging
etween 3 and 35 and number of hetero atoms in range of 1–15
re characterized to have drug like propensity [8,16]. Experimen-
al findings suggest that compounds with Hetero/Carbon atoms
atio in range of 0.1–1.1 are found to act as drug like molecules
16–18]. Experimental findings also suggest that most of the drug
ompounds contains ≤ 3 charges with total formal charge ranging
etween −2 to +2 [8,17,18]. Moreover, more than 90 percent of oral
rugs are known to possess ≤ 2 stereo centers [8,19,20]. These val-
es are optimized by various experimental and comparative studies
erived after carrying out extensive statistical analysis of exist-

ng drug molecules. Therefore, all the above mentioned parameters
ere used to filter compound library in present resource.

.2.2. Undesirable moieties and substructures
Rishton et al. introduced classification of certain moieties as

Warheads” [21]. Their analysis concluded that compounds con-
aining such moieties must be removed. Roche et al. identified
pecial class of compounds as frequent hitters. Frequent hitters are
et of compounds which are identified as hits in many different

iological assays covering a wide range of targets, since activity of
hese compound is not specific for the target and hence acquire a
endency to bind every target used in biological assay; thus perturb-
ng the assay or detection method. Compounds with such moieties
nstruction of complex queries (B) The intermediary result page.

are poor starting points for drug discovery programs and in gen-
eral must be removed [22]. McGovern et al. identified group of
compounds as ‘Promiscuous Inhibitors’ that act noncompetitively,
show little relationship between structure and activity, and have
poor selectivity. Such molecules are difficult to further character-
ize thus failing to synthesize a viable leads; resulting in futile efforts
in lead development process and wastage of time, capital and man-
power. Compounds which contains that kind of moieties, warrants
complete removal from the dataset [23]. There are certain struc-
tural moieties and compounds that are identified as ‘Intermediate
Substructures’. This class of substructures/compounds is found to
be interfering in some assays but remains benign in most. Removal
of such compounds thus remains circumstantial and thus could be
potentially problematic. Therefore such compounds are needed to
be identified separately to warn the presence of a potentially unde-
sirable group/compound. The choice of elimination or inclusion of
such compounds thus is kept up to users. Baell and Holloway et al.
on basis of their single assay detection technology introduced group
of compounds called Pan Assay Interference compounds (PAINS).
This series of compounds appear as frequent hitters (or promis-

cuous compounds) in many biochemical high throughput screens.
These compounds are also advised to be removed during compound
library processing [24]. Besides above classified moieties, there are
other set of compounds which interferes with an assay if present in
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ig. 6. Performing substructure search. (A) Illustration demonstrating formulation
yrazole  group using ‘Get smiles’ button. (B): The intermediate page listing numbe
etailed  information of the compound with desired substructure.

ore than a threshold number (called as ‘Other diversity moieties’).
uch threshold values of detection are fine-tuned using in-house
nowledge and medicinal chemistry literature. Compounds with

uch moieties are thus required to be flagged separately for their
resence. Fig. 2 summarizes the overall filtering process.

The physicochemical and substructure filtering rules described
bove are coded on FAF drugs service as “Lead like soft” filtering
bstructure query using JSME molecule editor and obtaining canonical SMILES for
ompounds with queried substructure along with link for detailed information. (C)

rules that were implemented for filtering purpose. The “Lead like
soft” rules are constructed on the seminal literature [16–19]. The
lead like soft rules were developed with an intention to screen start-

ing compounds with possibility for further property optimization.
Thus, compound libraries obtained after filtering from such a gener-
alized rules are thus applicable for any conventional enzyme assay
protocol. This fact thus increases the scope of filtered compound
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ibraries to be implemented widely rather than focusing on spe-
ific set of targets. In summary, compound processed here can be
ffectively used on any general enzyme/receptor target.

.3. Database design and implementation

The database was developed on traditional three layer architec-
ure [25] that consist of data layer, an intermediate or middle layer
nd presentation layer. The data layer is constituted on MySQL (a
elational database management system, RDBMS) that functions on

 server enabling multiple users to access the database simultane-
usly. The intermediate or middle layer was designed using PHP.
he user interface (presentation layer) was coded using HTML, Java
cripts, CSS and AJAX. The resource is implemented on the windows
ased server and uses APACHE as main web-server engine.

.4. Substructure searching utility

The substructure searching tools on this resource expects user
nputs in the form of canonical SMILES. In order to make this tool

ore user friendly, we implemented JAVA based molecular editor
SME [26] that enables on-the-fly 2D structure drawing and subse-
uent conversion to canonical SMILES. All the compounds passed

n filtering process were initially compiled in a single sdf file. For
ubstructure similarity search, FilTer BaSe executes babel program
rom the Open Babel suit (http://openbabel.org). The substructure
earching algorithm in babel program is based on molecular finger-
rint method [12,27]. Finger prints can be defined as sequentially
rranged binary bits in form of zeros and ones. In molecular fin-
erprinting, the molecular structures are encoded into binary bits,
nd position of individual bits correlates to molecular information
ike existence or absence of a particular atom or a functional group
r even a substructure. For the sake of improving speed during
ubstructure searching, a fast search index of the accepted sdf file
as created. When a substructure query is executed on the server,

 binary finger print from the query compound is generated and
atched with precompiled fingerprint data from fast search index

le. The output is generated in a temporary file and finally tabulated
n the HTML page.

. Results and discussions

The initial compound library obtained from Asinex Ltd con-
ained 348276 compounds (three lakh, forty eight thousand, two
undred and seventy six). During the compound library formatting
rocess, number of cleansing procedures was applied on library,

ike removal of empty structures, inorganic mixtures and duplicate
ompounds. This process removed 1078 compounds and remain-
ng 347198 compounds actually entered the filtering protocol. Total
87481 compounds were rejected owing to either incompatibility
ue to undesirable physiochemical properties or because of pres-
nce of undesirable functional groups. The number of compound
hat were classified as intermediate were 86244. Near about 28715
ompounds were detected as PAINS. Remaining, 44758 compounds
ere found to be accepted. Therefore, upon successful filtering pro-

ess, about 10 percent of the compounds were found to be accepted
nd can be carried out for further virtual screening.

Part wise data of the compound collection (Part-1 to Part-117)
an be accessed from the ‘Compound library’ tab from the FilTer
aSe resource. On the compound library tab page, part wise data is
abulated in upper table Fig. 3(A); while, lower table represent part
ise 3D coordinates of accepted compounds Fig. 3(C).
Part wise details of filtering statistics, information on main phys-
ochemical descriptors (e.g. logP, tPSA, MW,  number of rotatable
onds, hydrogen bond acceptors and donors) statistics along with
eport on problematic and undesirable substructure moieties can
ics and Modelling 80 (2018) 95–103

be retrieved using links from upper table. The organization of data
has been retained in original form as per the FAF-Drugs server
[11] Fig. 3 (B). For example, filtered accepted, rejected, interme-
diate etc. compounds can be downloaded in 2D sdf format from
the ‘Download’ section. ‘Filtering statistics’ section provides the
details of the number of compounds that were filtered, number
of duplicates, mixtures and large compounds if any; along with the
number of compounds that were rejected or categorized as inter-
mediate, accepted or PAINS etc. The ‘Main PhysChem Descriptor
Analysis’ section highlights the graphical representation of main
physiochemical descriptors like logP, tPSA, MW,  number of rotat-
able bonds, hydrogen bond acceptors and donors in a clickable and
zoom able images. Similarly, ‘Problematic moieties’ section details
the number of problematic moieties that were observed during
substructure filtering in the form of a pie-chart.

The part-wise data obtained from filtering process can be effi-
ciently fetched from the Compound library Table However, filtering
data of individual compounds cannot be obtained from this sec-
tion thus limiting its utility. Therefore, a separate database was
designed to cater compound wise data. The applications and fea-
tures of the database can be best demonstrated using following
model examples.

3.1. Example for basic search

Basic search utility is aimed to search the FilTer BaSe resource for
a specific compound using its compound id and its respective ‘part’
as input. For example, detailed compound information, physico-
chemical properties, bioavailability status, sub-structure filter data
along with final filtering status (accepted or rejected or interme-
diate) can be obtained using this option. We  have implemented
‘gen3d’ option from obabel program that generates 3D coordinates
for the queried compound that can be downloaded in sdf format
using ‘Click to download’ link from result page. The result for query
made for compound 25 from part 4 is illustrated in Fig. 4.

3.2. Example for advanced search

Advanced search utility enables the user to construct and exe-
cute complex queries. Various logical operators (e.g. equals, not
equals, less than and greater than) are implemented for construct-
ing the query with complex logic to obtain user defined results.
Queries can either be made individually or clubbed together. This
feature enables user to search the database for any user defined
rules or existing popular rules like Lipinski’s Rule of five [5], Veber
[14], Ghose [30], Egan [28], Opera Drug-like [15], Opera Lead-like
[16],Walters [31], Martin [32], REOS [33] etc. For example, all pyra-
zole compounds passing Lipinski’s rule of five can be obtained
(Fig. 5). The result of such queries yields an intermediate page that
reports the number of compound hits and the compounds are tabu-
lated with their compound ids and names. The detailed compound
information can be viewed as per Fig. 5(B) by clicking ‘compound id’
on the page.

3.3. Example for substructure search

Searching and subsequent design/synthesis of the compounds
with a particular functional group is a routine task in medici-
nal chemistry. The substructure search utility on the FilTer BaSe
resource is developed to make such queries user friendly. Con-

tinuing the previous example, user can search the pyrazole class
of compounds that are accepted during filtering process. The out-
puts is generated with an intermediate page listing the number of
compounds with desired functional group or substructure. Finally,

http://openbabel.org
http://openbabel.org
http://openbabel.org
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ompounds are tabulated showing compound id, SMILES and com-
ound’s final status (Fig. 6).

. Conclusions

Here we report an efficient filtering of 348,276 chemical com-
ounds and this chemical space is made freely available for drug
creening purpose. We  have developed ready to use, easily man-
geable, small sized compound libraries that are expected to add a
ervice for new drug developers even in academic settings. How-
ver, it is to be noted that no precise set of rules exist, that can be
niversally implemented for filtering compound libraries, only few
ule of thumb are generally followed. Therefore, using the standard
ltering rules we project set of compound libraries that are eas-

ly amenable for further optimization. 3D structures of compounds
re made available here that can be directly implemented for vir-
ual screening purposes. The resource is aimed to provide start-up
ompounds libraries that have scope for further user defined mod-
fications if required. The database presented here enables efficient
roperty based as well as sub-structure based searching of com-
ounds that can be used to pinpoint novel chemical scaffolds as
tarting point for new drug discovery campaigns. The descriptors
ata from current resource can be used in defining and optimizing
SAR studies.
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