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High-throughput screening (HTS) plays a

pivotal role in the identification of chemical

leads for new therapeutic targets. Continuous

technological advancement has made the

screening aspect easier, but its expansion to

include target identification and converting

assay hits to qualified leads has created new

challenges. A number of reporter gene assays

have been widely employed for G-protein

coupled receptor (GPCR) HTS since they can

provide both drug affinity and functionality in

a single screen. The application of high content

analysis (HCA) technologies to such assays

offers a new opportunity for improving their

performance. Here we describe the use of

microplate cytometry for ββ-lactamase reporter

gene analysis and discuss its benefits in the

context of improved quality of hit compound

identification.
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HIGH CONTENT ANALYSIS OF ββ-LACTAMASE REPORTER
GENE ASSAYS USING MICROPLATE CYTOMETRY

G-protein coupled receptors represent the largest class of cell-
surface receptors and the importance of their physiological
roles makes them important pharmacological targets [1].
Consequently, a great deal of investment has been made in
enabling the HTS of GPCRs. Traditionally, radioligand binding
was widely used to determine the affinity of compounds at a
target GPCR, but the method does not provide any functional
information and is routinely applied in cell-free protocols.
Increasingly, cell-based functional assays based on fluorescent
labels are being used to maximise the amount of information
obtained from each screening test. This shift aims to eliminate
steps in the sequential and iterative hit-to-lead process.

Arguably, the most established cell-based screening assay
platform for GPCRs is the FLIPR system (Molecular Devices,
Sunnyvale, CA) which principally monitors release of calcium
from intracellular stores using fluorescent reporter dyes [2].
FLIPR assays are reliable and useful for screening compound
libraries, but analysis of receptors not coupled to calcium either
requires construction of chimeric receptors or co-expression of
genes encoding promiscuous G-proteins (e.g. Gα15, Gα16).
An alternative approach is to use reporter gene technology
whereby activation of a GPCR receptor at the cell membranes
causes the expression of a specific gene – the ‘report’. The
resultant amount of reporter gene expression can be measured
in a number of ways. One approach is to co-express a
fluorescent protein with the target gene, whilst another is to
monitor the catalytic activity of an expressed enzyme.

Expression of the β-lactamase enzyme has been very
successfully applied for HTS of GPCRs due to the availability of
commercial cell lines such as the GeneBLAzer® range from
Invitrogen. These cells stably express the NFAT response
element (for monitoring Ca2+ flux) and the cAMP response
element (CRE) linked to the B-lactamase gene to provide a
functional tool to identify GPCR activation [3]. GPCRs,
regardless of Gα subunit coupling (Gs, Gq, Gi/Go), can be
thus be monitored using β-lactamase gene expression. Key to
the method development was the identification of the
fluorescent β-lactamase substrates, CCF-2 and CCF-4. 

These FRET-enabled substrates fluoresce green in the absence
of β-lactamase reporter activity (FRET, Em ~530 nm), and blue
(fluorescence, Em~460 nm) when cleaved thus providing a
ratiometric readout (Figure 1).

β-Lactamase activity has conventionally been analysed by bulk
fluorescence readers [4] or flow cytometers [5], both of which
require large numbers of cells (>104) for accurate analysis.
Flow cytometry, although highly sensitive, has the added
disadvantages of low throughput, and an inability to analyse
adherent cell lines in situ. Microplate cytometers provide an
alternative method for analysis and reporting of data,
requiring as few as 100 cells per well in a 96 well plate. 

For example, the Acumen Explorer microplate cytometer (TTP
LabTech, Melbourn, UK) rapidly analyses any SBS format
microplate in around 10 minutes. At the heart of the system
is a proprietary, non-confocal optical system that performs
whole well scanning, simultaneously collecting up to 4
colours. This removes the need for repeated collection of
fluorescent emissions and decreases the overall read time in
multiplex assays, thus giving a high screening potential
comparable with throughputs of many primary screening
campaigns [6].

Many reporter gene assays can be quantified by microplate
cytometry including those based on fluorescent proteins and
enzyme substrates. The high content readout provided has
many advantages. Firstly, the ability to define sub-populations
within each well can increase the robustness of assays. This
can be important for methods in which only a defined
population of cells respond to the stimulant or possess the
required amount of reporter gene activity, for example in
assays using transiently-transfected cell cultures. 

Secondly, use of the number of cells (including
subpopulations) as a primary readout, rather than a
fluorescent measurement, can overcome the significant
heterogeneity often observed in the fluorescent intensity of
active and inactive cells. Microplate cytometers, such as the
Acumen Explorer equipped with 405 nm laser line, can
simultaneously detect both the blue (β-lactamase expressing)
and green (β-lactamase negative) regions of the spectrum to
discriminate active from inactive cells. 

Subsequent reporting of the number of active and inactive
cells overcomes the scatter in the fluorescent intensity seen in
the blue and green emissions. This routinely results in
increased fold activation and assay robustness (Z’) compared
to bulk fluorescence measurements (Figure 2).
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Figure 1. Ratiometric FRET - based substrates 
for β-lactamase activity

Figure 2. High content analysis of β-lactamase 
reporter gene expression
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Furthermore, differentiating between cytotoxicity and
antagonism can be difficult when analysing β-lactamase
reporter gene assays using bulk readers, since both can result
in the same reduction in total fluorescence signal. This
increases the number of false positives returned by the assay
when screening for GPCR antagonists. High content analysis
reports the total number of cells in each well without the
introduction of additional fluorescent markers, enabling cell
loss associated with toxic compounds to be positively identified
and differentiated from antagonism where the cell number
remains constant (Figure 3).

In conclusion, high content analysis has been shown to be
directly applicable to β-lactamase reporter gene assays with
little change to the standard methodology (Figure 4). The
reporting of ratiometric fluorescence data on a per cell basis
dramatically reduces cell requirements from those used in bulk
fluorescence assays without compromising assay performance.
It also overcomes the significant heterogeneity observed in the
amount of fluorescence per cell. The approach is also capable
of distinguishing cytotoxicity from genuine receptor
antagonism by reporting a total cell number without the use of
additional fluorescent probes. Since microplate cytometers
already offer rapid analysis of microplates compatible 
with primary screening campaigns, their combination with 
β-lactamase reporter gene technology equips the drug
discovery community with a powerful new partnership for use
in GPCR drug discovery.
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Figure 3. D1 dopamine receptor screening: Use of cell 
number a toxicity indicator

Figure 4. Antagonism of D1 dopamine receptors by SCH-23390

Accelerating Workflow in Sample Storage Laboratories

Available from Micronic BV, specialists in traceable sample storage solutions, is a new task dedicated instrument that accelerates the
time consuming and tedious process of removing caps from sample storage tubes. With the ever-growing requirement for higher
sample throughput in many laboratories the new Auto Decapper system enables significant productivity gains to be made in the
opening of multiple sample storage tubes. Easy to install and operate the Auto Decapper automatically
removes and disposes of the caps from a full 96-tube rack in less than 10 seconds. Operation is safe
and user friendly - simply place a rack of capped tubes onto the access tray, push the start button and
the Auto Decapper will in one action gently remove all the caps. Not only does the Auto Decapper
increase productivity but it also reduces the possibilities of sample cross-contamination with an
integrated cap disposal device to ensure that caps are not reused. The Auto Decapper can be used
as a stand-alone instrument or can be assimilated into a fully automated environment and controlled
via the instruments serial port or contact switch closure. Compatible with all Micronic coded tube
racks and capping products the DeCapper requires just a mains power source for operation.
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EASING THE WAY FOR 
PAIN-FREE INSULIN INJECTIONS

Diabetes is a condition in which the amount of glucose (sugar)
in the body is too high because insufficient insulin is being
produced. Insulin is a hormone which allows the cells in the
body to absorb the glucose from the blood stream. 

Insulin is produced in the pancreas, but for diabetic sufferers,
either little or no insulin is produced, or the body cannot use its
own insulin effectively. A build-up of glucose levels in the blood
stream leads to hyperglycaemia, which can damage organs
including the kidneys, eyes and nerves. It is also an important
risk factor for coronary artery disease and other vascular
diseases. There are two types of diabetes. 

Type 1 diabetes develops if the body is unable to produce any
insulin and is treated by insulin injections and diet. Type 2
diabetes develops when the body can still make some insulin,
but not enough, or when the insulin that is produced does not
work properly (known as insulin resistance). 

Type 2 diabetes is treated with lifestyle changes such as a
healthier diet, weight loss and increased physical activity.
Tablets and/or insulin may also be required to achieve normal
blood glucose levels. Diabetes can account for around 5-10%
of a nation’s healthcare budget.

INSULIN DELIVERY DEVICES 
The most commonly used insulin delivery devices are the
syringe and the more recently introduced insulin ”pen”.  With
the traditional syringe, the needle is inserted into the insulin
phial and the required dose drawn up. Pens, however, are able
to dispense pre-metered doses. The pen gets its name from its
appearance (Figure 1) and uses an insulin cartridge rather than
a vial and also uses disposable needles.

Pens are the most popular insulin delivery system in most parts

NEEDLE TECHNOLOGY
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