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It’s all too much. Too many DNA sequences, too many proteins.
Too many diseases, too many chemistries, too many compounds,
too many targets, too many assays, too many competitors,

and too many steps from concept to drug. Too many things to
keep track of in a world of (some might say) too many regula-
tions. And yet, there’s also not enough—too little money, too
few workers, too little time, and too few new approaches.

What are chemists to do when drug research is their job?
Automate. Automate. Then automate some more. And if you

can farm out some of that automation and analysis to a
contract research organization, then all the better.

The entire foundation of modern drug research is now pred-
icated on automated instrumentation, experimentation, and
analysis. From finding targets to designing drugs that will bind
them, and then to assaying the results in cells or spectrome-
ters—automation has become the key. If not for massive automa-
tion, for example, the sequencing systems designed and market-
ed to both the public and private competitors (to be specific,
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the Prism 3700 from Applied Biosystems), the race to map the
human genome—the quintessential foundation of future drug
discovery—would still be running.

Consider the typical steps involved in the drug discovery
process, from finding a drug target for a particular disease to
testing the drug in a clinical trial. In a presentation by IBM Life
Sciences, these steps are described as: Understand Disease,
Select Mechanism/Target, Design Primary Screen, Screen/Identify
Hit, Convert Hit to Lead, and Convert Lead to Candidate. For each
new chemical entity (NCE), the cost was estimated to be more
than $600 million, with the majority of those costs (some $480
million) accruing in the last three stages alone (http://www-3.
ibm.com/solutions/lifesciences/pdf/KBasedDiscovery.pdf). All but
the first of these steps are considered easily amenable to labo-
ratory automation and to taking advantage of a bioinformatics
approach, with expectations of recouping significant savings at
every stage.

Automated Target Selection
Before genomics, the thought of applying automation to target
selection would have been considered somewhat ludicrous. It was
practically impossible to obtain cogent information about disease
physiology or genetics without extensive experimentation, obser-
vation, and analysis.

But with automated gene sequencing, the power of bioinfor-
matics systems for cross-species genomic comparison, and the
development of microarrays, gaining disease information and find-



ing druggable targets became a new enterprise—one that could
often be automated, at least in part. 

One such target-selection approach, according to Martin 
Sumner-Smith of Base4, Inc., is to “focus first on a specific disease,
or at least diseases in specific therapeutic categories. Initial exper-
iments focus on analyzing gene expression patterns, comparing
tissues from various disease stages with normal tissue, and look-
ing at the effects of current, effective drugs (if any) on gene
expression.” A variety of bioinformatics approaches can then be
used for target evaluation (1). 

Microarrays that allow automated gene expression analysis
by comparing fluorescent spot patterns of healthy and diseased
tissues are becoming increasingly available for several target class-
es and organs, especially oncogenic targets.

Automated Compounds
Generating combinatorial libraries of potential drug compounds
that can be screened against selected targets is becoming one of
the most heavily automated areas. Libraries are developed in indi-
vidual laboratories for specific goals, and generalized libraries
are available commercially. 

In almost every case, the libraries are no longer generated with
old-fashioned test tube chemistry, but through the use of auto-
mated combinatorial synthesis techniques in which laboratory
robotics plays a large part. And there is a growing market for
automated commercial synthesizers. Some of these systems use
split-and-pool technologies to generate new compounds auto-
matically (2). 

When baseline information concerning the disease and poten-
tial targets is available, intelligent library design can be used
instead of random library production. This is especially true as
sequence knowledge derived from genomics creates a demand
for rapid synthesis of specific peptides.

Researchers at the University of Illinois at Urbana–Champaign’s
Protein Science Facility produce peptides according to their own
design, using solid-phase automated peptide synthesis to produce
custom amino acids that can be obtained with the desired
terminal ends. Many companies produce automated peptide synthe-
sizer systems; the Protein Science Facility group uses the Rainin
Symphony system (Protein Technologies, Inc.) and purifies the
peptides using a Beckman HPLC system. 

No matter the size of the library and the amount of infor-
mation used to develop it, a library is only as good as the
number of hits it can generate in the appropriate assay.

Automated Assays
The words “high-throughput screening” (HTS) are at the heart
of modern drug discovery. They refer to the development and
use of automated assays for determining “hits” from a library of
compounds (generally created through combinatorial chemistry
methods). Numerous companies and researchers are focusing on
new equipment and approaches to automating HTS for discover-
ing new drug compounds. One of the necessities facing repre-
sentatives of the automation industry is to create ANSI (Ameri-
can National Standards Information) standards for microplate
dimensions and acceptable industry standards for liquid handling,
calibration, and instrument reliability (www.sbsonline.org/02conf/
att/techprog.html).

Today, where there is automation, one inevitably finds the
microplate, whether it be 96-, 384-, or 1536-well. The vast major-

ity of automated systems are designed to use the already-stan-
dardized 96-well microtiter dish, although increasingly, dishes
with more wells are being used. Such systems have to integrate
plate movement, sample and liquid solution handling, and screen-
ing. In cases where more complex cellular assays are being
performed, a variety of subtleties of incubation, such as higher
temperatures and CO2 control, are required.

The types of assays are as varied as the means to detect hits.
Biomolecular screening can be used for receptor binding,
enzyme inhibition, cellular toxicity, or cellular uptake, to name
a few. The observed signal for successful interaction can be colori-
metric—as with enzyme-linked immunosorbent (ELISA), fluo-
rescent, or radioactive assays—and can be monitored with a vari-
ety of fluorometric or spectroscopic techniques.

As the final part of the assay process, hits that register as
positives have to be chemically evaluated. In many cases, this
process has also been automated, with the development of
high-throughput HPLC and MS (usually electrospray ionization,
although matrix-assisted laser desorption/ionization, MALDI, is
becoming more common) systems that can give structural infor-
mation about hundreds of compounds rapidly with minimal human
intervention.

Automated ADMET
Once a hit is obtained in any particular HTS run, it is important
to determine whether it is a potential “lead”. A lead can be defined
as a hit that, upon further evaluation, is shown to be the result
of specific interaction with the target and to have some chemi-
cal parameters that make it attractive to pursue. In some cases,
this is simply an analysis of its “druglike” qualities, as assessed
by using standards such as the Lipinski rule of five, which
delimit some of the various traits that statistically make a
molecular structure likely to behave in a druglike fashion in the
human body. In other cases, the key is to determine drug safe-
ty information as early as possible. Too frequently, so-called leads
have been carried into animal and even clinical trials, and only
then was it found that oral availability was poor or the compound
accumulated in certain tissues to toxic effect.

To prevent such expensive and time-consuming pursuit of false
leads, increasingly, ADMET (absorption–distribution–metabo-
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Robbie the Scientist?

In September 2002, researcher Ross King and colleagues from
the University of Wales (Aberystwyth) and the University of
Manchester noted the movement to highly automated robot-
ics for data generation and mining. They proposed what they
called a “radically new approach: the robot scientist”. Such a
robot scientist was envisioned to form hypotheses (data mining);
to select optimal experiments to test these hypotheses in a
cost-effective manner; and when integrated into a laborato-
ry automation system, to perform those experiments and
analyze the data automatically. Accordingly, “the original
hypotheses set can then be revised, and the cycle repeated”
(www.sbsonline.org/02conf/att/techprog.html). A colleague at
Today’s Chemist, however, when told of this research, remarked,
“I thought they had such things already—they call them grad-
uate students.” 



lism–elimination–toxicity) assays are being automated and
performed to determine a compound’s actual parameters. Because
most ADMET tests are similar to those used for standard HTS,
whether in vitro or in cellular assays, the same automation method-
ologies apply. One example of this is PerkinElmer’s ToxSuite, which
can perform a variety of nonradioactive cellular toxicity assays
that monitor apoptosis, cytotoxicity, cell metabolism, and cell
proliferation in a platform compatible with automated microplate
reader and imager systems.

Automated Transformations
Even if the ADMET assays, Lipinski rules, or other evaluations
show that a lead compound has undesirable characteristics such
as toxicity or cell impermeability, all is not lost. Once such a
lead is identified, it might be possible to determine whether its
leadlike qualities can be optimized. This can mean an addition-
al round of combinatorial synthesis, using the compound or a
portion of its scaffolding as a base for adding new functional
groups likely to improve its druglike potential. A number of compa-
nies have developed automated synthesis systems to transform
hits to leads and to improve leads. 

In a good example of the convergence of bioinformatics and
chemistry, Tripos’s LeadFocus system can generate a focused
analogue library around a particular hit to develop structure–
activity relationships. Then, from the virtual library developed
for that molecule, other compounds can be identified that have
shape and surface properties similar to the hit from a large
virtual library of compounds that can be readily synthesized.
The virtual candidates are then screened to eliminate nondrug-
like compounds and those with likely adverse pharmacological
properties. The surviving compounds can then be synthesized
using known chemistries.

In cases where the resulting compounds are problematic because
of patent, bioavailability, or toxicity issues, methods are avail-
able to create novel chemistries that achieve the same target
hits (www.tripos.com/sciTech/researchCollab/researchCollab/
leadFocus/index.html). Upon optimizing leads, additional rounds
of confirmatory assay screening and ADMET analysis can be
performed. Compounds that successfully pass through all of these
stages can then be transferred to preclinical analysis (animal
and human tissue trials) with greater confidence that they will
ultimately become full candidates for clinical trials.

Only when the entire process of massively automated discov-
ery has been successful can a lead truly be defined as an
authentic drug candidate ready for clinical trials. At this point,
automation becomes far less important, except sometimes in
preparing identical samples of drugs and placebos, and in the
entire critical process of record keeping (but this latter aspect
leaves the realm of chemistry and enters that of regulations). 

Endgame
As part of a generalized move toward efficiency and cost-
cutting, nearly the entire pharmaceutical industry and its support
companies, well beyond those few mentioned, have been devel-
oping systems for automating the steps in drug discovery to
streamline the entire process. In doing so, they have created a
new market for the analytical instrument industry by tailoring
traditional equipment and developing new integrated systems to
handle these high-profit, high-throughput needs.

But whatever the benefits of the new machinery and the new

robotics of computerized information expert systems and tech-
nician-free or virtual laboratories, one thing remains clear. There
is no way yet to fully automate the conceptual side of the drug
discovery process, although people are trying (see box, “Robbie
the Scientist?”). The core connections between genomes and
proteomes and drugs are still the stuff of scientific investiga-
tion, not technological massaging. The tools can help speed up
and inform, but cannot obviate the chemist’s brain. They have
gone a long way, however, toward replacing the chemist’s hands.
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Some Companies Involved in Drug Discovery
Automation

Agilent Technologies www.agilent.com
Ambion www.ambion.com
Amersham Biosciences www.amershambiosciences.com
BD Biosciences www.bd.com
Beckman Coulter www.beckmancoulter.com
Bio-Rad www.bio-rad.com
Bio-Tek Instruments www.biotek.com
Brinkmann www.brinkmann.com
Cellomics www.cellomics.com
Genetix www.genetix.co.uk
GenoVision www.genovision.com
Labcyte www.labcyte.com
Molecular Devices www.moleculardevices.com
PerkinElmer Lifesciences http://lifesciences.perkinelmer.com
Pyrosequencing www.pyrosequencing.com
Qiagen www.qiagen.com
Roche Applied Science www.roche-applied-science.com
Telechem International www.arrayit.com
Thermo Labsystems www.thermolabsystems.com
Zymed www.zymed.com

(For more companies, see LabGuide at www.labguideonline.com.)


