








names, it provides a Web-based interface for structure-based similarity

search. A summary of these databases is outlined in Table 1.

Unlike the resources mentioned above, hERGCentral is based on

experimental data obtained from a primary screen by electrophysi-

ology against more than 300,000 diverse structural compounds. Both

structures/chemophysioproperties of tested compounds and their

specific effects on biophysical properties of hERG channels have been

annotated. Such a large database should be helpful to the scientific

community to better understand compound–hERG channel interac-

tions. To explore properly, effective methods are necessary for users

to visualize the data. In the current version of deployment, users may

explore the data in a number of ways as outlined in Figure 1.

EXPLORING DATA BY ACTIVITY
Representing a large dataset via a histogram gives an overview of

the data distribution where outliers, sometimes the most interesting

compounds, could easily stand out. Such a format also significantly

reduces the number of data points, thereby reducing the traffic be-

tween the Web server and end users. As such, hERGCentral provides a

general method of data exploration by activity. Activities of interests,

for example, deactivation time and tail current inhibition, are mea-

sured from electrophysiological recording of compound libraries.

Each of these parameters is presented in a histogram, as shown in

Figure 2. The histograms are de-

signed to be interactive, where users

can easily select a desirable range of

interest. Moreover, range indices for

activities, that is, mapping from ac-

tivity range to corresponding data

entries, are constructed to facilitate

efficient data exploration. Once a

range is selected, the number of

compounds whose activities fall into

the range will be immediately dis-

played next to the histogram. Based

on the number of compounds, users

can revise the desired range or re-

quest information on individual

compounds by a simple click and the

data will be listed in a tabular view,

as shown in Figure 1E. The activity

search provides the user with an in-

tuitive way to identify hERG block-

ers either by a single parameter or by

applying multiple different parame-

ters. These parameters include bio-

physical activity (e.g., tail current

amplitude) and structural features of

a chemical (e.g., molecular weight

and number of hydrogen bond do-

nors). An example is included in the

Appendix.

EXPLORING DATA BY CROSS DATABASE LINKS
Although hERGCentral is a very specialized bioassay database

platform, it is also designed to interact with other public resources to

improve its utility and user experience. Ideally, the interactions

should be implemented in both ways: link-out and link-in. With link-

outs of hERG data to other public databases such as PubChem and

Entrez, it makes it easier for users to investigate the effects of a given

compound in other assays. The second is link-in, that is, mapping

other database records (usually IDs) to those on hERGCentral.

Technically, the link-ins are much harder to implement than the link-

outs. This is mainly because the number of records in widely used

databases is very large and continuously increasing. For example,

PubChem, a dynamically growing primary database, as of January

2011 consists of 31 million compound records and 75 million

substance records. hERGCentral has implemented both link-in and

link-out with PubChem. For the link-outs, live links to PubChem

compound and substance summary are maintained, as shown in

Figure 1F. For the link-ins, hERGCentral adopts an efficient method

to map external public database IDs to hERG assay results on

hERGCentral. Particularly, more than 300,000 tested compounds on

hERGCentral are associated to a relatively small ID set, denoted by

H = {1,2, .,hmax}, so that core information can fit into random ac-

cess memory for fast accessing. The PubChem ID set, denoted by

Fig. 2. (Top) The process of generating activity histograms and range indices from raw recording
traces: raw current trace data obtained from electrophysiological recording of a large compound
library were processed, and activity measurements of interest, for example, tail current inhibition,
were calculated. Discretization and index construction are applied to generate histograms and
range indices for efficient data exploration. (Bottom) Web interface for exploring data by activities:
end users can first select an activity of interest (Step 1); the corresponding activity histogram
presents an interactive distribution of the activity, which allows users to select a range of interest
via mouse (Step 2); the Web interface then immediately displays the number of compounds whose
activities fall into the selected range. Users can list these results in a tabular view by clicking the
indicated button (Step 3).
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P = {1,2, ., pmax}, is mapped to H via an integer array with indices

representing P and values representing H. The resultant link-in is

therefore of a constant time complexity, that is, O(1) instead of O(N).

Such a design offers the benefit of constant search time when ac-

cessing each single element within the integer array regardless of its

size.3

The overall procedure to explore data on hERGCentral by external

public database IDs is shown in Figure 3.

EXPLORING DATA BY CHEMICAL STRUCTURES
Another valuable way of exploring data on hERGCentral is by

chemical structure search. Although hERGCentral is meant primarily

to store hERG assay data, chemical structure data are also stored on

hERGCentral for those compounds that have associated hERG assay

data. This affords setting up efficient query/retrieval functions for

users. One of the most relevant elements of structure search is the

structure input. hERGCentral Web interface integrates a Javascript-

based molecular drawing tool that supports all desktop browsers (the

drawing tool software is publicly available at http://metamolecular

.com/chemwriter/). Chemical structures can be entered in three ways,

as shown in Figure 4. An example to look up a known compound by

name is included (see Appendix). One interesting way is to allow the

user to modify existing structures. After the server loads molecular

structure data from either hERGCentral or external database like

PubChem, users can modify the structure, for example, removing/

adding chemical bonds or altering the atoms, and then perform the

search. The Figure 4A outlines a case where the crown ether-like

structure is loaded and searched by modifying the structure of a

PubChem compound (CID 16196017). Specifically, the side compo-

nent (benzene) is removed. The remaining crown ether structure is

then used as query to search the compound library. The returned

structures are shown in Figure 4.

The structure search function is developed with JChem for .NET.

The default search method is based on substructure similarity. After a

similarity search, the hERGCentral displays table style results listing

the top 100 chemical compounds in the order of their similarity

scores.

HERGCENTRAL IMPLEMENTATION
AND FUTURE DIRECTIONS

hERGCentral was developed using a three-tier architecture. The

back-end consists of a MySQL database cluster storing chemical li-

brary collections, a high-performance embeded database, Berkeley DB,

for storing electrophysiological raw traces and other kinetic data, as

well as a text-based search engine, Lucene, for indexing and retriev-

ing literature and online reports. The middle tier, which handles

application logic and core functionality, was developed with the C + +
programming language for performance and cross-platform consid-

eration. Specifically, the middle tier groups logic and functionalities

into middleware services, including structure search service, com-

pound profile service, and bioactivity range indexing service. The

front-end Web client, which acts as a consumer of the middleware

services, was implemented using ASP.NET MVC 3 architecture.

As an evolving platform, hERGCentral will continue to develop to

both meet the needs and enhance the experience of end users. Major

efforts are on the way to improve data and functionality enrichment.

It is of benefit to allow for more data entries of hERGCentral by

acquiring or annotating more experimental data that are widely

scattered among literature and public databases. It is also likely that

several different assays would be applied to one particular com-

pound. These data may be available from different databases.

Therefore, another improvement would be to include links to other

databases or other reported screens in a tabular view so that a user

can compare data from more than one source. For existing data en-

tries, other useful properties, both chemical and biophysical, may

also be added. Although hERGCentral is meant primarily to provide

hERG bioassay results, pharmacological prediction indices, such as

ADME (absorption, distribution, metabolism, and excretion) and

toxicity profiling, are valuable to facilitate structure-activity re-

lationship (SAR) analysis and compound profiling.

Fig. 3. Flow diagram to explore data on hERGCentral using external
public database IDs. Here, the widely used PubChem CIDs (A) and
SIDs (B) are accepted by hERGCentral Web interfaces, which allow
multiple ID submission for a given query. For those IDs with mat-
ched results found on hERGCentral, results will be returned di-
rectly; for those with no matched results found, hERGCentral still
retrieves compound profile, including molecular formula, etc., from
PubChem. If users click the ‘‘ ’’ button next to the formula,
hERGCentral will fetch the structure information from PubChem
database. With the fetched structure information, the structure
search will run on hERGCentral; thus, results of similar chemical
structures can still be returned to users.
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In addition to the search-by-name feature (Appendix), the func-

tionality enrichments will include Web interface improvements. The

database may also be augmented with data export options. For in-

stance, many in silico prediction models have been developed for

hERG blockers; however, the data sets utilized are usually relatively

small and vary in size and data format, and therefore are not easy

to compare. To address this issue, hERGCentral could provide a

unified hERG data service, with which existing prediction programs

can access a much larger data set and present their prediction results.

It is conceivable that hERGCentral could serve as a benchmark da-

tabase for hERG prediction models.

EXPERIMENTAL PROCEDURE
The hERG primary screen was performed in an electrophysiolog-

ical assay using the population patch clamp (PPC) mode on the

Ionworks Quattro� (MDC, Sunnyvale, CA), an automated patch

clamp instrument. The Molecular Libraries Small Molecule Re-

pository (MLSMR) library was screened, which consisted of 318,950

compounds in 384-well plate format as single compound concen-

tration at 5 mM in dimethyl sulfoxide (DMSO) (additional detail de-

scribing the library can be obtained from http://mlsmr.glpg.com).

The automated patch clamp assay on hERG channel has been re-

ported earlier by Zou et al.4 Briefly, compound effects were tested

using dual compound additions at 1mM and subsequently at 10 mM.

The Chinese hamster ovary (CHO) cells stably expressing hERG

channels were freshly dislodged from flasks and dispensed into a

384-well PPC plate. Activity of hERG was then measured with the

recording protocol as followings. Leak currents were linear subtracted

extrapolating the current elicited by a 100-ms step to - 80mV from a

holding potential of - 70 mV. The screen was completed with two

voltage protocols with slight voltage difference. First protocol: hERG

currents were evoked by two identical voltage pulses with a 3-s in-

terval, in which the voltage pulses consisted of a 100-ms step to -
30 mV, a conditioning pre-pulse (2-s duration, + 45mV) followed by a

test pulse (2-s duration, - 30 mV) from a holding potential at - 70 mV.

Second protocol: The first voltage pulse consisted of a 100-ms step to

- 30 mV, a conditioning pre-pulse (2-s duration, + 25 mV) followed

by a test pulse (2-s duration, - 30mV) from a holding potential

at - 70mV. After a 3-s interval at - 70mV, a second pulse protocol

was applied consisting of a 100-ms step to - 30mV, a pre-pulse (2-s

duration, + 45 mV) followed by a test pulse (2-s duration, - 30mV).

DMSO concentration in the assay buffer for all the screened com-

pounds was kept at 0.02% (1mM) and 0.2% (10mM) (v/v) DMSO, which

did not cause hERG activity change. The peak amplitudes of tail cur-

rents and steady-state currents from the second pulse before and after

compound treatment were measured. Compound effects were assessed

by the percentage changes in the hERG peak tail current and steady-

state currents, which were calculated by dividing the difference be-

tween pre- and post-compound hERG currents by the respective pre-

compound control currents in the same well. Only cells with a peak tail

current amplitude > 0.2 nA, a seal resistance > 30 MOhms, and seal

resistance drop rate < 25% were included for data analysis.

Fig. 4. Flow diagram to explore data by chemical structures. A convenient structure drawer is provided via the Web interface. Chemical
structures can be entered in three ways. (A) Structure information for each existing tested compound on hERGCentral is available to be
loaded into the drawer by clicking the ‘‘ ’’ button next to the formula. (B) A PubChem compound/substance ID can be used to load the
corresponding structure. Users may modify the structure in the drawing tool (top right), and perform the search. (C) For simple (sub)
structures, users may enter them by drawing tools.
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APPENDIX

Appendix Fig. A1. An example of identifying hERG blockers by using the activity search. Two activity parameters are chosen: % Step Current
Inhibition (1mM), the range of ( - 39.7, - 37.0), is selected (795 out of *300,000 compounds fall into this range); % Tail Current Inhibition
(1 mM), the range of ( - 54.9, - 52.0), is selected (524 compounds). Application of the two conditions together identifies 16 compounds, 4 of
which are displayed. CID, compound ID; hERG, human Ether-à-go-go related gene; ID, identity.
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Appendix Fig. A2. An example of demonstrating to look up a known compound (e.g., dofetilide). The hERG data of a known compound can
be looked up by its name, PubChem CID, or PubChem SID. The compound structure can be loaded to the molecular drawing tool, which
facilitates the structure-based search. The example indicates a search result after removal of part of dofetilide structure. The subsequent
structure search returns nine compounds, four of which are displayed. SID, substance ID.
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