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Introduction

The advantages of cell-based assays over cell free
assays include: a more relevant physiological
response, making use of cellular regulatory path-
ways, and the elimination of compounds that are
unable to enter the cell, are rapidly degraded once
in the cell, or are cytotoxic. The development of
nonradioactive highly sensitive reporter gene
(luciferase) assays, combined with the ability to
reliably quantitate results, has led to safer and more
cost effective methods for drug discovery. Cell-
based assays at Signal are conducted for inflamma-
tion, bone metabolism and viral targets utilizing a
Packard TopCount for luminescence measurements.
In most cases, stable cell lines are prepared that
contain a promoter driving luciferase expression.
Expression of luciferase is stimulated by addition of
specific inducers. Compounds which cause a change
in the luciferase signal may be transcriptional modu-
lators of the target promoter.

Materials and Methods

Compound Distribution
HTS requires the availability of large numbers of
compounds that can be rapidly processed and for-
matted for assay. Signal’s custom BenchMate® II,
(modified by Zymark to hold two racks in an 8 x 12
format), tares 16 mm x 100 mm test tubes and
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and the automation of the luciferase reporter gene
assay using the TopCountTM Microplate Scintillation
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solvates compounds to a specified concentration
after addition of compound by a lab assistant. The
taring of tubes takes approximately 30 minutes for a
rack of 96 tubes. The solvation process requires
about 2.5 hours for one complete rack. The
BenchMate’s 8 x 12 racks allow correlation for
direct transfer to mother and daughter plates. The
racks are placed on a MultiPROBE 204 liquid han-
dling system and the solutions are rapidly transferred
into 96-well microplates; one Mother plate and five
Daughter plates. By utilizing the MultiPROBE
“panel” option, the unattended transfers take 15
minutes. The MultiPROBE 204 “Varispan” feature
allows the tips to access the test tubes and then
decrease the spacing between tips to dispense into a
microplate. The liquid sensing ability of the
MultiPROBE 204 will detect solvated compound in
individual tubes and aspirate each sample from the
appropriate height (adjustable, but default is 1 mm
below the liquid surface). The ability of the probes
to detect changes in capacitance allows the
MultiPROBE to sense even nonionic liquids such as
DMSO.2 Liquid sensing, as opposed to simply aspi-
rating from the bottom of the tube, allows the
MultiPROBE to calculate if enough liquid is present
to aspirate the desired amount, as well as to keep the
probes above compounds that precipitate, which
could cause clogging. Liquid sensing also means that
lab assistants can add dry compounds in approximate
amounts to the tubes on the BenchMate and not
worry about different volume levels in the tubes
after solvation.

Assay Optimization
Initially, Signal’s cell-based assays were optimized
using the MultiPROBE 204 as a stand alone worksta-
tion. Jurkat T-cells were stably transfected with the
luciferase reporter construct, and the sub-clones ex-
hibiting the best transcriptionally regulated levels of
induction were selected. Although cellular luciferase
expression is stable for months, inducibility begins
to decrease after about one month (~12 passages).
Once cell lines containing the appropriate luciferase
constructs were fully characterized and validated,
optimization of the programming for the
MultiPROBE HTS assay was initiated. The liquid
handling precision and accuracy requires optimizing
aspiration and dispensing speeds, waste volumes,
appropriate air gaps and priming volumes. All of
these parameters were addressed for the MultiPROBE
programs used on the cell-based screen. 96-well

plates containing cells were prepared off-line, 18
hours prior to initiating the assay. Test compounds
were solvated in DMSO, diluted, and added to the
cell plates by the MultiPROBE. After a 30 minute
pretreatment at 37 oC, the appropriate inducer was
added by the MultiPROBE and plates were placed
back in the incubator at 37 oC for five hours. Cells
were then harvested by centrifugation, followed by
aspiration of supernatant by a Bio-Tek plate washer.
Lysis buffer was added to the pelleted cells, followed
by a 15 minute incubation. The cell lysate was
centrifuged to pellet debris, and the supernatant was
transferred to a black LitePlateTM-96 plate (Packard
Instrument Co., Meriden, Connecticut) using a hand-
held eight-channel pipet. Substrate (luciferin) was
added to the black plate by the MultiPROBE for the
determination of luciferase activity in a Packard
TopCount.

Initially, a luminometer utilizing injectors and flash
technology was used to quantitate light output of
each well. The substrate was injected and the lumi-
nescence in each well was immediately read. For a
96-well microplate, this translates to a 15 minute read
time for each plate. A commercially available “glow”
luficerase kit was tested to provide a more stable
signal, allowing a longer time frame to read the
plates. The kit consisted of 1% Triton X-100 lysis
buffer and luciferase substrate. These reagents were
later made in-house to decrease the cost of the HTS
assay. The Packard TopCount was then evaluated to
increase throughput utilizing the glow technology.
While the flash is stable for only a few seconds, the
glow luminescence in Signal’s assay has a half-life of
approximately fifteen minutes. By measuring two
wells simultaneously for 1.2 seconds each, the time
to read a plate was shortened to 2.5 minutes per plate,
with no loss in reproducibility.

Assay Automation
The Pharmacology Department at Signal set a goal of
screening >2,000 samples/week in three cell-based
inflammation assays, as well as three cell-based bone
metabolism assays. Based upon the need for the high
throughput described above, a custom automation
system was purchased from the Zymark Corpora-
tion. The complete Zymate system consists of the
following independent instruments: Zymate® XP
Laboratory Robot with Microplate Gripper and three
foot Zymate track (Zymark Corporation, Hopkinton,
Massachusetts), TopCount Microplate Scintillation
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and Luminescence Counter (Packard Instrument Co.,
Meriden, Connecticut), two large capacity micro-
plate storage carousels, with space for 48 micro-
plates and 42 pipet tip racks each. NUAIRE® Model
4500 water-jacketed CO

2
 incubator (NUAIRE, Inc.,

Plymouth, Minnesota), Zymark 96-well Autoplate
pipetting module, Zymark multi-reagent addition
station with five individual addition modules, Zymark
Z710 microplate centrifugation module, Bio-Tek®

Model EL403BZY microplate washer (Bio-Tek
Instruments, Inc., Winooski, Vermont), and three
random access racks for ambient temperature
incubations.

In selecting a plate reader for the fully automated
robotics system, throughput, as well as consistent
reproducibility were considered. The TopCount can
accurately quantitate the range of luminescent counts
per second (CPS), in our assays (40-12,000 CPS), in
a read time of 0.6 seconds per two wells (two detec-
tors, one well per detector). The solid performance of
the TopCount in our lab for detection of radioiso-
topes and luminescence, as well as Packard’s ability
to integrate into the Zymate system, led to the choice
of the TopCount for the robotics system. See Figures
1a and 1b for photos of the complete system, and
Figure 2 for a robotic automation flow chart.

Results

The new Zymate robotics system required modifica-
tion of the MultiPROBE assay to meet the needs of
automation. The first issue addressed was the effects
of ‘robotic time’ on the original assay parameters.
Since no more than four compound plates per day
were run by one person on the MultiPROBE assay,
timing was not such a factor. With the Zymate,
however, scheduling 14 compound plates with all of
the related functions proved more involved. In order
for the assay to be identical for every plate run
through the system, incubation times (compound
pretreatment and cell lysis) were adjusted. This ex-
tended the standard, manual six hour assay to an 11
hour assay, regardless of the number of plates run.
Results from the validation experiments demon-
strated that a longer compound pretreatment time
combined with an extended incubation in lysis buffer
did not alter the induction profile in the presence or
absence of compound.

In order to shorten the 11 hour assay and/or to
increase throughput, the possibility of eliminating
one or more of the centrifugation steps was investi-
gated. Several validation experiments in the pres-
ence and absence of test compounds were carried
out. The results demonstrated that both the second
and third centrifugation steps could be eliminated
without a significant effect on assay results. The
elimination of all but one of the centrifugation steps
considerably decreased the robotic assay time to a
total of 14 hours for a full 42-plate run.

Generally, a compound plate consists of 88 wells
containing screening compounds, two wells with a
reference inhibitor, and three wells each for induced
and uninduced cells. Compounds are run in singlet at
one concentration, meaning 1,232 compounds can
be analyzed on three cell lines in a single run. Robotic
assays are conducted at Signal four days a week,
since cell plates must be prepared one day in advance
of a robotic run. Therefore, the weekly total of
screening is 2,464 compounds on six cell lines, or
14,784 assays. This is a dramatic improvement over
the manual assay in which two full-time employees
would routinely screen 800 compounds a week on
three cell lines, or 2,400 assays. Due to such an
increase in throughput, Signal calculated a return-
on-investment of less than one year. Because of the
14 hour assay, the robotic system must run unat-
tended through the night. In the event of a system
error after hours, a pager system has been installed to
notify an employee.

Once the system was installed and working reliably,
a series of validation assays were conducted to com-
pare the reproducibility with the manual assay. Fac-
tors such as fold induction, % inhibition by reference
compounds, and reproducibility between control
wells were monitored during this period. When us-
ing the MultiPROBE for aspects of the manual assay,
the coefficient of variation (CV) was reproducibly
below 10%.1 In comparison, the robotic assay
consistently proved as reproducible across all
parameters as the manual assay.
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Figures 1a and 1b.

Figure 2.
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As the robotic system began to turn out large amounts
of data, keeping pace with data analysis became very
difficult. Historically, data were analyzed using
simple Microsoft Excel spreadsheets. Data would
be transferred from the TopCount hard drive to a
3.5 inch floppy disk and converted to a Microsoft®

Excel® format. The compound I.D. numbers would
be entered into spreadsheets by hand, and raw data
would be pasted in to provide information such as %
inhibition, fold induction and CV for control wells.
A data management system was then developed in
collaboration with a software company (MDL, San
Leandro, California), to automatically create runsets
of multiple plates and analyze the resulting data, with
little human effort.

The determining factor in carrying a compound
forward is its ability to inhibit inducible transcrip-
tion. The counts obtained from control wells of
induced cells are divided by those of uninduced cells
to show the fold induction of transcription. This,
along with CV’s and inhibitory controls help deter-
mine the validity of a particular assay plate. The
quotient of the sample value over the induced value,
subtracted from 1, and multiplied by 100  ((1-(Sample
CPS/Induced CPS))x100), gives the % inhibition
for a specific compound or well. This provides a
quantitative means to view potentially interesting
compounds against controls or other inhibitors.

Discussion

A fully automated HTS system for drug discovery
requires enhancement of compound preparation
throughput, assay optimization to best utilize system
components, and integration of the entire robotics
workstation. Many systems require custom
programming to reach the full potential of an
application. Investigators should be aware that
integration, especially between components from
various companies, can be difficult.

Full integration of the system required two-way
communication with the Zymark Easylab® interfac-
ing the TopCount operating system. Microplates
were placed into the TopCount carriage by the Zymark
robotic hand, Easylab sent the message to load the
plate, and the plate was read. Periodically, Easylab
received a message from the TopCount it could not
process, causing an irretrievable error at the Easylab
level and the system to stop.

After meetings between Packard and Zymark engi-
neers, the problematic message was interpreted and
true integration of the TopCount was established.
This initial start-up effort is not uncommon. It stresses
the need for patience and close cooperation between
the HTS scientist, robotics integrator and instrument
suppliers for a system that meets the laboratories
requirements.

The initial operation of the complete robotics system
met our expectations for efficiency and throughput.
As a result of this experience, to further the through-
put in Signal’s other cell-based and biochemical
assays, a Packard TopCount with six detectors for
luminescence was purchased, greatly reducing the
time required to read a plate. Also, two MultiPROBE
208 systems, possessing eight tips with fixed spacing
to make transfers and dilutions much faster, were
purchased. This dramatically increased the speed
that reagents could be added to microplates.

The ultimate combination of a highly sensitive
reporter gene, reliable detection of light output, and
advanced robotics systems for the biological labora-
tory has provided an opportunity to safely, inexpen-
sively and rapidly evaluate vast numbers of
compounds for drug discovery.
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