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ABSTRACT

The world pharmaceutical market, which was valued at $247.9 billion in 1994, is forecast-
ed to grow to $342 billion by 1999. High throughput screening(HTS) is attracting attention as
a novel methodology for new drug discovery. HTS is expected to expand the scale from one
thousand to one hundred thousand times the current level by utilizing robots, laboratory
information management systems(LLIMS), various sources to screen natural products(plant
extracts, secondary microbial metabolites), peptide combinatorial libraries and combinatori-
al organic synthesis(COS) for new therapeutics. Instrumentation, target selection, source
material, sample preparation, primary and secondary assays, isolation, purification and
structure elucidation are all important for HTS.

Key words: High throughput screening(HTS), drug discovery, laboratory information manage-
ment systems(LIMS), natural products discovery, secondary microbial metabolites, combinatorial
chemistry, peptide combinatorial libraries, combinatorial organic synthesis.

INTRODUCTION the next five years, according to the report!).
The world pharmaceutical market will continue
The world pharmaceutical market, which was to grow slowly(about +4.55% in 1995), reflecting
valued at $247.9 billion in 1994, is forecasted to increased government attention to escalating
grow to $342 billion by 1999, representing a health care costs, enhanced by the global rece-
compound annual growth rate(CAGR) of 7.1% sston and declining tax receipts. The medium- to
over the 1995-1999 period from 1990-1994. long-term forecast suggests that the pharmaceuti-
There was evidence of growth in the South East cal industry will see a CAGR of 7.1% as the
Asian area(+9%) led by the booming economies world economy begins to improve and the bene-
of South Korea, Taiwan and Vietnam, and the fits of global trade agreements filter through.
Chinese market 1s presently showing signs of ris- World market growth is forecasted in the report
ing up, with a forecasted CAGR of 16.7% over as follows:

Forecast Growth of World Pharmaceutical Market

1995 1996 1997 1998 1999
Total world market($bill) 259.6 2730 296.6 318.2 342 .0
Growth over previous year(%) - +5.1 +8.6 +7.3 +7.5
Correspondence to:Bing Bing L.in Accepted for Publication: Nov. 3, 1995
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The discovery of novel, small molecular
pharmaceuticals or product candidates through
screening various sources such as plant, se-
condary microbial metabolites, peptide combina-
torial libraries and combinatorial organic synthe-
si1s (COS) expanding activity throughout the
pharmaceutical industry and one that 1s becoming
increasingly fruitful as evidenced i widespread
acceptance for this virtually unlimited source of
novel structures with many potential therapeutic
applications.

I. High Throughput Screening(HTS)

since 1986, cost-effective methodology with
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expertise for running natural products, plants and
chemical libraries for drug discovery has been
developed. In 1993, approximately more than
10,000 sample through-put could be termed as,
High Throughput Screening (HTS)”, that 1s to
say more than 40 targeted assays x 10,000 sam-
ples/project. The capability of high throughput
screening in  early 1995 has been reported as
upgraded to 40,000-2.,000.,000 per assay per
annum.

HTS 1s attracting the attention as a new
methodology for new drug discovery. As screen-
ing 1s essential for new drug research, HTS 1s
expected to expand the scale from one thousand
to one hundred thousand times the current level
by utilizing robots and laboratory information
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management systems(LIMS) to screen various
sources from natural products, peptide combina-
tortal ibraries and combinatorial organic synthe-
s1s(COS), virtually any assay system available
and virtually any screening sample for new drug
discovery.

1 . Laboratory Information Management
Svstems(LIMS)

Laboratory Information Management
Systems 18 an exciting and efficient approach to
laboratory processing which steps beyond basic
sample tracking to increase capability and
improve lab effectiveness. It is built on a solid
foundation of high-performance hardware and
mdustry-standard stand-alone software which is
designed to model actual laboratory routine and
implement optimum steps of automation. This
maximizes the return-on-investment in automa-
tion systems. For example, in Figure 1, LIMS is
tatlored to include the most efficient processes
whereby results can be obtained by implementa-
tion of procedures management, from sample
preparation to instrument operation, and from
data acquisition to the generation of reports.

M. Natural Products Discovery

Naturally occurring secondary microbial
metabolites and plants are well established as a
major discovery source* for tomorrow’s thera-
peutics(see Table 1). Natural products are charac-
teristically different from those derived by chemi-
cal synthesis, and can complement current
research and broaden the discovery horizons.

Screening secondary microbial metabolites
from antimicrobial activity, which has existed for
more than 50 years, has generated many impor-
tant antibiotics. In the middle 1960’s, the late H.
UMEzZAWA of the Institute for Microbial
Chemistry in Tokyo began screening molecules
from microbial sources with activities as selec-
tive enzyme inhibitors which has resulted in
numerous therapeutic products®?. UMEZAWA’Ss
success led to the expansion of microbial
metabolite screening for non-antibiotic drug dis-
covery. More than 15 years ago, WOODRUFF¥
reasoned that secondary microbial metabolites
containing meaningful structural novelty and
diversity could be accepted as a favored source
for exploitation of molecules that interact with
mammalian receptors, signal transduction or
biosynthetic pathways which represent potential-
ly important drug targets.

There are a large number of major pharma-
ceutical companies presently engaged in screen-

Natural Products with Pharmacological Activity:

Organism

Aspergillus alliaceus
Aspergillus terreus
Streptomyces avermitillis
Streptomyces tsukubaensis
Excellospora viridilutea
Cladosporium cladosprioides
Streptomyces gabonae
Streptomyces phaeofaciens

Castanopermum australe
Camothea acuminala

Streptomyces misakieusis
Streptomyces sp. No.7338

Product

Asperlicin
[Lovastatin
Avermecting
FK-506
SK2315A & B
Calphostin C
MY 336-a
FR-900452

Castanospermine

Hydroxycamptothecin

BE-18257B
WS-7338
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Activity

Cholecystokinin Antagonist
HMG-CoA Reductase inhibitor
Helminthic

Immunosuppressant

Reverse Transcriptase Inhibitors
Protein Kinase C Inhibitor

s -Adrenergic Antagonist
Platelet Activating Factor
Antagonist

7 -Glucosidase 1 Inhibitor
DNA Topoisomerase I Inhibitor
Endothelin Receptor Antagonist
Endothelin Receptor Antagonist
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ing microbial metabolites. From an economic
perspective, the return on investment from this
activity is widely perceived as having a high
benefit to risk ratio'®. The revenues from such
products as the avermectins(discovered in a col-
laboration between Merck & Co. and Kitasato
Institute, Tokyo), lovastatin(Merck & Co., Inc.),
pravastatin(Sankyo Co., Ltd.) cyclosporin A
(Sandoz, Ltd.), FK-506(Fujisawa Co., Ltd.) and
numerous other candidates under development,
would obviously justify the costs and efforts
required to find and develop these products.
Another perspective of costs and rewards is pro-
vided by the discovery of the HMG-CoA reduc-
tase 1nhibitor, lovastatin, which was found after
only three weeks of screening soil microorgan-
ismst),

Despite the expanding success of the
approach to drug discovery, it should be kept in
mind that the vast bulk of the work is conducted
in the proprietary R & D environs of pharmaceu-
tical companies. Therefore, even although more
new leads of pharmacological interest may have
been discovered, for exampie: Ciba-Geigy,
SWPRD, Zymogenetics, and Wyeth-Ayerst have
published some of the research results @717,
many of the interesting compounds may have
been kept confidential for various business rea-
sons.

Table 1. Natural product source material

(DPlant/Marine organisms/Microorganisms
(actinomycete, fungal, bacterial, marine
microorganisms and etc.) or extracts from the
above sources.

(2) Potential Inoculum Sources: soil, sediments.
plant litter, crop residues, marine macro-
organisms, dung, water, and air.

(3) Microbial Diversity:

(A) Collection of samples from diverse geo-
graphical locations, from diverse environ-
mental conditions, from diverse microbial
habitats.

(B) Isolation of microorganisms by pretreat-
ment of sample, by selective pressures on
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growth, by colony characteristics.
(C) Selection of microbes for screening by iso-
lation of fresh cultures.

N . Applications of Combinatorial Technologies to

Drug Discovery

(1) Background and Peptide Combinatorial
Libraries’®,

Recent trends in the search for novel pharma-
cological agents have focused on the preparation
of “chemical libraries™ as potential sources of
new leads for drug discovery. Chemical libraries
are intentionally created collections of differing
molecules. Combinatorial chemistry is a type of
synthetic strategy which leads to large chemical
libraries. Combinatorial chemistry may be
detined as the systematic and repetitive, covalent
connection of a set of different “building blocks™
of varying structures to each other to yield a large
array of diverse molecular entities. Theoretically,
the number of possible different individual com-
pounds, N, prepared by an ideal combinatorial
synthesis 1s determined by two factors: the num-
ber of blocks available for each step “b”, and the
number of synthetic steps in the reaction scheme,

x. It an equal number of building blocks are used
in each reaction steps, then N=b*. If the number
of building blocks for each step varies(e.g., b, ¢,
d 1n a three-step synthesis), then N=bcd.
Exploitation of a basis set of (for example) 100
interchangeable building blocks permits the theo-
retical synthesis of 100 million tetrameric or 10
billion pentameric chemical entities.

L. Peptide Combinatorial Libraries

“lTens of millions of short peptides can be
easily surveyed for tight binding to antibody,
receptor or other binding protein using an
“epitope library”. The library is a vast mixture of
filamentous phage clones, each displaying one
peptide sequence on the viron surface. Potential
application of the epitope library include investi-
gation of the specificity of antibodies and dis-
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covery of mimetic drug candidates!!?).

[t 1s not always possible to work on an impor-
tant target with structural details available such
as those provided by x-ray crystallography. In
contrast the traditional random screening meth-
ods, the chemical library approach is a fast way
of getting to a good lead structure. In fact, the
combinatorial method itself is an activity-based
structural search. The advantage of using a com-
binatorial library is the possibility of examining a
vast number of structures in a relatively short
period of time.

2. Nonpeptide Libraries

Peptides are not ideal pharmaceuticals due to
their plasma  instability and transport problems.
Most high affinity peptide ligands isolated from
peptide library screening are not, as such, suit-
able drug candidates. Further rounds of molecular
modeling and structure-activity relationship
studies are necessary to convert the peptide lead
structure mto  small drug molecules. The next
logical step is to set-up chemical libraries of
non-peptide components to screen for ligands
that bind the target receptors. Through this
process, the final conversion from a tight-bind-

ing peptide ligand to a potential drug candidate

will become much less laborious. However, any

non-peptide combinatorial library must rely on
organic chemistry to a large extent, and advan-
tage of using biological display systems for

selection and amplification may not be possi-
hlet19-22)

(1) Combinatorial Organic Synthesis(COS )2

“The notion of creating huge, searchable
libraries of small organic molecules is unpresce-
dented in medicinal chemistry, and the possibility
of doing so has recently captured the imagination
of the drug-discovery community. The conven-
tional paradigm of small molecule lead develop-
ment, in which a compound undergoes many
rounds of individualized, hand-crafted modifica-
tion and biological testing en route to drug can-

didacy, will likely be dramatically accelerated by
the application of combinatorial chemistry tech-
nologies to mass-produce and evaluate lead
analogs. Combinatorial organic synthesis(COS)
presents somewhat of an intellectual inversion of
the past 50 years of synthetic organic chemistry.
The goal of COS are to create population of
molecular structures—a stable population of low
molecular weight entities, free of reactive and
toxicity-causing functionality” GO

A system synthesizes large numbers of chem-
icals rapidly and inexpensively. The chemicals
are small organic compounds of diverse structure
with molecular weights from 150 to 500. The
chemicals are designed specifically for drug dis-
covery screening. The key characteristics of the
system are as follows:

I. Synthesis: using well-established chemical
reactions that are thermodynamically-favored.
Each chemical reaction includes two reactants:
(A) a “substrate” and (B) a “reagent” which are
chemically reactive. Combine one substrate with
a molar excess of one reagent to synthesize the
“reaction product 7’; although there is no further
purification at this stage, yet, the material is suit-
able for screening. This can generate the maxi-
mum yield of product with a wide range of differ-
ent substrates and reagents. Many thousands of
well-established chemical reactions are applica-
ble.

2. Chemical/Biological Quality Control: for
quality assurance, 5% of the reaction products
were analyzed by mass spectrometry to find the
molecular 1on of the expected product in >92%
of the samples. In 70% of the samples, the
expected molecular ion is the major peak in the
mass spectra. Also needed is tests of the compat-
ibility of the reaction products with several dif-
ferent high-throughput screening assays including
different receptor-ligand binding assays, differ-
ent enzyme inhibition assays, and different
whole cell assays. These assays employ either
fluorometric or radiometric end points.

3. Combinatorial Organic Synthesis: for exam-
ple, it we select 100 substrate and 10 reagents,
we can synthesize 1,000 separate reaction prod-
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ucts. Likewise, based on only 10 different reac-
tions and chemicals available from a chemical
supplier these may generate over 2,000,000 reac-
tion products. Since the principle of combinatori-
al chemistry 1s the assembly of a large collection
of structurally diverse monomers, a highly effi-
cient coupling method 1s a critical component in
the design of such non-peptide libraries.

4. Chemical Novelty: many of the reaction prod-
ucts are not commercially available and theretore

cannot be purchased. They may be known in the
scientific or patent literature, but they are unob-
tainable. Some of the reaction products may be
novel and patentable as composition of matter.

5. Custom Libraries for Lead: often after lead is

discovered from screening, scientist can broadly
explore quickly and i1nexpensively to generate
several hundred analogs and derivatives to

“explode” the lead®?,

V . Important Points of High Throughput
Screening

To assure a successftul High throughput
screening, there are several important points
needed to be noticed, such as developing effi-
cient support instrumentation, good research
planning and strategy in target selection, study
implementation via profound disciplinary exper-
tise:
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(1) Instruments for High Throughput Screening

1. Robots
Biomek 1000 Pipetting Station with
Sidesholder(2 sets)
TomTec 96-Well Pipetting Station
Packard Multi-Probe 200 Pipetting Station
Hamilton SPE Station

2. Radioactive Counters
LKB 1205 Betaplate(2 sets), LKB 1405
MicroBeta, LKB 1207 GammmaMaster,
and Beckman 1800 LLSC

3. Spectrophotometric Counters
LabSystems Luminoskan, Millipore
CytoFluor 2300, Perkin-Elmer LS-50B,
and Bio-Tek Absorbance Reader.

4. Data Acquisition
Novell Network, 25
Workstations, Custom Data Acquisition,

computer

Analysis Software
(1) Critical Steps of a Screening Program
1. Target selection/Assay development
. Selection of source material

. Sample preparation
. Primary assay
. Secondary assays

) T I - ST I N

. Isolation and purification

7. Structure elucidation
(Il) Targets for Novel Natural Products

Therapeutics

Receptors, enzymes, transcription assays, cell
recognition molecules, ion channels, and signal
transduction molecules as targets for HTS. Using
radiometric analysis for receptor binding, calori-
metric or fluorescence analysis for ELISA sub-
strate/product, and reporter genes for transcrip-
tion assays.
(V) Be Aware of False Hits

Which may be caused by colored extracts,
detergents, denaturing agents, cytoxins, and
chelators.
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