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G R A P H I C A L A B S T R A C T

A B S T R A C T

Common Western-blot imaging systems have previously been adapted to measure signals from luminescent
microplate assays. This can be a cost saving measure as Western-blot imaging systems are common laboratory
equipment and could substitute a dedicated luminometer if one is not otherwise available. One previously
unrecognized limitation is that the signals captured by the cameras in these systems are not equal for all wells.
Signals are dependent on the angle of incidence to the camera, and thus the location of thewell on themicroplate.
Here we show that:
� The position of a well on a microplate significantly affects the signal captured by a common Western-blot
imaging system from a luminescent assay.

� The effect of well position can easily be corrected for.
� This method can be applied to commercially available luminescent assays, allowing for high-throughput
quantification of a wide range of biological processes and biochemical reactions.

© 2017 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Method details

Background information

Luminescent assays offer a simple, sensitive, and high-throughput method for measuring a vast
range of biological processes. Since the emitted light from luminescent assays is the result of a
chemical or biochemical reaction, it is uniquely less complex than other assay detection modalities
such as absorbance or fluorescence. These methods require equipment that at a minimum contains a
light source and sensor, while luminescent detection requires just a sensor.Whether a luciferase based
reporter assay is used to study gene expression, or chemiluminescent assay formeasuring biochemical
reactions, it is generally thought that a spectrophotometer capable of detecting the luminescence
signal is required. Previous reports have demonstrated that common inexpensive devices, such as
smartphones, can replace expensive conventional equipment [1,2]. The simplicity of measuring
luminescence can be taken advantage of since other types of equipment, such as CCD cameras, can
convert light emitted from a luminescent reaction to a digital signal for quantification. Previously it
was shown that a Western-blot imaging system can be adapted to reliably detect and quantify
luminescent signals [3]. Expanding the use of a common piece of laboratory equipment such as this
can be preferable to purchasing a dedicated luminometer, if one is not already present. Although this
technique has comparable performance to a dedicated luminometer, an additional source of error is
introducedwhenmeasuring a high number of microplate wells, or if the measuredwells are far apart.
As demonstrated in Fig.1, the appearance to the camera of amicroplatewell is dependent on the angle
of incidence to the camera itself. Wells located close to the optical axis of the lens show a complete
view of the contents of the well, whereas the contents of wells further from the optical axis are
partially obstructed on one side of thewell and signal is reflected off thewall of the opposite side. This
perspective error, which we refer to as well position effect, is due to the entocentric lens used in
conventional cameras. This well position effect could be eliminated optically by replacing the
entocentric lenswith a telecentric lens. Unlike entocentric lenses,with telecentric lenses the chief rays
from an object are parallel to the optical axis of the lens, meaning magnification and perspective is
consistent regardless of the objects perpendicular distance to the optical axis. Telecentric lenses have
been used for biological imaging and sensing applications previously [4,5], however, they are
significantlymore complex and expensive than entocentric lenses, and thuswouldmitigate any of the
cost savings generated by using aWestern-blot imaging system instead of purchasing a luminometer.
Here we present an improved method of luminescence assay quantification using a common, un-
modified, Western-blot imaging system that corrects for this well position effect, increasing precision
of measurements across a microplate.

Equipment setup

A 96- or 384-well Costar opaque black microplate was placed on the platform of a western-blot
imaging system (G:BOX, Syngene, Frederick, MD). Using the live acquisition software, the microplate
was aligned to the center of the viewof the camera so all wellswere visible (Fig. 2A). Masking tapewas
placed around one corner of the microplate to act as an alignment guide for subsequent readings
(Fig. 2B). Aperture size, zoom, and focus settings from the acquisition softwarewere recorded and kept
constant for all experiments.
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