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Executive Summary

The use of biological entities as novel therapeutic agents 
continues apace: in 2017 11 of the 15 top-selling drugs were 
biologics, as were 17 of the 46 new drugs approved by the FDA. 
To stay at the cutting edge of this field, drug discovery scientists 
need access to integrated, intelligent analysis and visualization 
tools to help manage, search, sift, explore and exploit the masses 
of data generated or published – relating to sequences, 2D/3D 
chemical structures, assay data, DMPK, toxicity, production 
parameters, etc. 

To address this pressing need, PerkinElmer has launched Lead 
Discovery Premium, which builds on decades of experience 
with chemical Structure-Activity Relationships (SAR) tools 
and biological Sequence-Activity Relationship (bio-SAR). Lead 
Discovery Premium delivers unified, interactive, responsive, 
data agnostic access to all users, both novice and technical 
power users, and chemists and biologists via an easy-to-use 
interface that presents the required functionality logically and 
in a familiar environment, and facilitates the rapid exploration of 
hypotheses, and realization of key actionable insights. 

This white paper outlines how an integrated platform can 
provide powerful and incisive chemical and biological analytics 
required to identify the next optimal clinical candidate. 

Derive Insights Faster with a Unified Chemical- and Bio-SAR System 

Introduction

While innovative small molecule drugs continue to be developed 
and marketed, novel biologic therapeutic agents are growing in 
importance as part of biopharma’s armamentarium to address 
urgent, unmet clinical needs, especially in areas like oncology. In 
2017, 11 of the 15 top-selling drugs were biologics, as were 17 
of the 46 new drugs approved in the USA by the FDA. 

In June 2018 there were 250 small molecule- and antibody-based 
immunotherapies in clinical studies, and in 2017 > 1100 clinical 
trials combined a checkpoint inhibitor with another treatment. 
Biosimilars, too, continue to show exceptional growth, with one 
estimate showing the global biosimilars market growing from 
$5.95 Bn in 2018 to $23.63 Bn in 2023, with a CAGR of 31.7%.

Against this backdrop of increased interest in discovering 
novel biotherapeutic agents, drug discovery scientists are 
continually challenged to make sense of and to derive 
actionable insights from the masses of research and other 
data that they generate or consume from publications and 
public depositories. 
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The required cheminformatics analysis and visualization tools 
for small molecule chemists to explore and analyze structure-
activity relationships (SAR) have been under development for 
some time, but their equivalents for biologics researchers to 
develop sequence-activity relationships (bio-SAR) have tended 
to lag, and to be specialized applications, often stand-alone, 
with complex and daunting user interfaces. This has limited 
their utility and uptake, slowed scientific decision making and 
has left key questions unanswered.

This white paper outlines the requirements for a unified platform 
that enables researchers to gain a deeper understanding of the 
structure and properties of potential new biologic and small 
molecule therapeutics and describes how PerkinElmer’s Lead 
Discovery Premium combines and delivers advanced biological 
sequence and chemical structural intelligence tools in a user-friendly 
analysis and visualization environment that facilitates rapid data 
organization, exploration and decision making. 

Capabilities of an Ideal Biological Sequence and 
Chemical Structure Activity Exploration System

Data and Operationalizing the Data 

A first, practical requirement will be tools to overcome and master 
the data deluge, so that scientists can rapidly and effectively 
locate, extract, sift and filter relevant data for further detailed 
visualization and analysis. For biologics this means sequence 
searching using a standard tool like BLAST to search across 
internal and external sequence collections, to collect and import 
the appropriate hits in a standard format, and to link them to 
other pertinent properties (bioactivity, toxicity, physicochemical, 
DMPK, production, etc.) For small molecules, chemical structure 
search tools will be needed for substructure and tautomeric search 
to locate and extract sets of compounds and their related data. 

With tractable data sets to hand, scientists will want to explore 
them in a familiar, integrated analysis and visualization environment, 
with appropriate tools and display options immediately available: 
many organizations are looking to expand, and re-purpose widely 
deployed and well accepted applications like TIBCO Spotfire®, and 
this provides the industry-tested platform and rich set of capabilities 
in Lead Discovery Premium. 

A familiar interface reduces the learning curve for novice 
users, and TIBCO Spotfire® comes equipped, out-of-the-box, 
with a rich palette of intuitive data display options to uncover 
and highlight key relationships. These coupled with robust 
multi-parameter optimization and scoring enable honing in 
on promising structural motifs and sequence modifications, 
which can be used in both de novo design of new entities, and 
enhancing the therapeutic, physical, DMPK and developability 
characteristics of potential candidates. 

There may be cases where desired specialized analysis or 
visualization capabilities are only available in a separate in-house, 
third party or open source application, and Lead Discovery Premium 
is equipped with a well-documented, extensible Web Services 
framework that enables developers to quickly link these other 
applications in enhanced and seamless analysis workflows that can 
be shared with colleagues and collaborators. 

Functional Requirements: Biologics

Beyond the key requirement for BLAST sequence searching, 
biologics researchers require, and Lead Discovery Premium provides,  
a full set of biosequence analysis tools to explore whether particular 
motifs or sequence differences are correlated with bioactivity or 
desired physicochemical or DMPK profiles and thus potentially 
amenable to further manipulation and enhancement. 

Sequence alignment with a tool like CLUSTAL Omega is a start and 
should be augmented with capabilities to immediately highlight 
sequence differences relative to a reference sequence, and to 
explore amino acid monomer substitutions for potential links to 
therapeutic activity or other properties. Pertinent examples which 
are challenging in antibody design include exploration of amino 
acid patterns and populations in the antibody backbone and in 
the complementarity determining regions. Coloring sequences to 
represent characteristics of interest such as hydrophobicity etc. and 
coloring amino acid residues based on specific attributes such as 
Helix or Strand or Turn propensity can indicate promising sequence 
regions or emphasize favorable amino acid substitutions at specified 
positions in a sequence.

Figure 1. Lead Discovery Premium sequence viewer for quick analysis of biological variance to discover drivers of successful drug optimization.
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Figure 2. Lead Discovery Premium sequence Logo Plot. The X axis represents the positions of a sequence, and the Y axis the entropy of each possible amino acid. 
The size of each letter indicates how frequently it is found at that position.

Figure 3. Lead Discovery Premium distribution Plot. The X axis represents the amino acid(s) in the defined region. The amino acid count is displayed, along with the 
median and outliers. The Y axis shows the assay result for comparison.

Selecting a sequence in a set for comparison as a reference and 
displaying the changes across all other sequences in the list can 
provide a visual understanding of how sequence modifications 
can impact pharmacological or other characteristics (Figure 1 shows 
a simple comparison using red and white.) Blosum is another sequence 
alignment and similarity option which considers both conserved 
regions and homologies.

LOGO plots to investigate the distribution and frequency of 
monomers in set of sequences, including the ability to interactively 
zoom into a region in a sequence by highlighting an amino acid 
in a LOGO plot, or by selecting regions from annotations will help 
researchers derive insights more quickly.

Further understanding can be gained by selecting regions and 
displaying distribution plots (Figure 3) based on a score column 
(such as a bioassay result) associated with each of the sequences. 
The selection of the region can be used to hide parts of the 
sequence that are of no interest, but also can be used to select 
individual amino acids or even longer length amino acid motifs to 
associate with assay results. This is an effective way to explore the 
sequence activity relationships within a set of sequences.

An effective sequence viewer as provided in Lead Discovery 
Premium facilitates exploration of relationships between sequence, 
physicochemical properties and bioactivity in a manner that is simply 
not possible with a standard tabular view of the data. 
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Advanced data analysis of a set of sequences requires the ability 
to easily interrogate subsequences and subsets of the population 
based on variation in amino acid positions and sequence motifs. 
Beginning with a set of aligned sequences, annotations can be used 
to hide invariant or uninteresting regions, making it easier to focus 
on important areas of sequence variation. 

Within the focused regions, the LOGO plot gives both a quick 
view of the variability of individual residue positions, but also a 
mechanism to subset the population of sequences by clicking 
on residue letters. Ancillary plots displaying data associated 
with sequences automatically update in response to the residue 
level interrogation. 

Variations in properties correlated with changes at more than a 
couple of residue positions are managed by plotting distributions 
based on motifs. By coupling distribution plots to regions of special 
interest, correlations between sequence motifs and property 
variation become immediately apparent. Data analytics is enhanced 
when a tool like Lead Discovery Premium allows the analyst to ask 
the right questions of the data. Such a sequence viewer provides 
a unique way to investigate the causal relationships between 
sequence modification and bioactivity or other relevant parameters.

If scientists want a deeper dive into the underlying structure of a 
sequence or region, immediate access to a detailed and interactive 
3D rendering of the biomolecule’s structure can give them a 
different lens through which to understand how different monomer 
substitutions might impact protein folding or active site binding, 
and thus activity. 

In cases where an external sequence alignment algorithm or 
other annotation engine is needed for more detailed analysis, 

the well-documented and robust Web Services API in Lead 
Discovery Premium can make such extensions simple and 
provide deeper insight.

Functional Requirements: Chemistry

As noted above, the cheminformatics analysis and visualization 
tool set is mature, with standard capabilities like substructure 
and similarity search and filters to locate structures in required 
sources, use of popular chemical editors and renderers on 
standard chemistry formats (ChemDraw, SMILES, molfiles), 
calculation of physical properties, SAR tables, and R-group 
decomposition readily available. 

If chemists want deeper and more precise exploration of 
their structures and related data, Lead Discovery Premium’s 
enhanced capabilities can help: fast substructure search to deal 
with today’s large files; one-click, transposable SAR tables; SAR 
map of R-group decompositions, including combining multiple 
R-group analyses for a set of structures; R-group decomposition 
on R-groups themselves (effectively providing nested R-groups); 
and property calculations on R-group fragments will all enable 
a deeper understanding of structure/property links and quicker 
identification of promising scaffold/substitution motifs. 

Enhanced display options including form views, radar charts 
and violin plots, coupled with auto-update of compound series 
and R-group analyses as new compounds are added speed up 
analyses and offer clearer insights into trends and relationships 
that can hasten the discovery and development of a promising 
new therapeutic agent. 

Figure 4. Lead Discovery Premium post-alignment sequence showing gaps after alignment was performed. This can be done by connecting with external annotation 
engines and other industry standard algorithms via an extensible Web Services framework.
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Figure 5. Concurrent viewing, alignment and analysis of DNA and protein sequences combined with assay data and small molecule compounds in Lead Discovery 
Premium for rapid and insightful identification of optimal leads.

Conclusion

PerkinElmer’s Lead Discovery Premium is a unified chemical- and 
bio-SAR system providing all the standard and advanced capabilities 
detailed above, with an interactive, intuitive, data agnostic user 
interface based on TIBCO Spotfire®. It caters for novice and 
power users alike in both chemistry and biologics disciplines 
and will enable them to derive faster incisive insights and make 
better informed scientific decisions in the search for novel small 
molecule and biotherapeutic agents targeting some of the world’s 
most pressing unmet clinical needs. 

Lead Discovery Premium is already in production in biopharma 
and research institutions, and it can be implemented quickly, 
particularly when TIBCO Spotfire® is already being used for 
visualization and analysis.

If your scientists are looking for an effective chemical and  
bio-SAR system, you should consider Lead Discovery Premium as 
an immediately deployable solution to meet your stakeholders’ 
SAR and bio-SAR challenges and requirements as part of your 
strategic roadmap, and PerkinElmer Informatics is available to 
assist and answer questions. 

For more information, please visit http://www.perkinelmer.com/product/lead-discovery-premium-ldp




