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Introduction
Changes in secreted factors such as growth factors, cytokines, and hormones are an important 
endpoint for probing disease pathways. Commonly used solid phase assays such as ELISA do not 
allow in situ detection and require multiple wash steps that are cumbersome for automated HTS 
workflows. Homogenous immunodetection platforms have been developed for some of these 
factors; however, they still require the use of two antibodies and thus become impractical for smaller 
analytes such as steroid hormones. To overcome these technical hurdles, we have begun to explore 
the use of nucleic acid aptamers for homogenous detection of soluble factors. Though a multitude of 
aptamers have been developed with high affinity for diverse molecules, none have been successfully 
translated into a viable HTS assay. As a proof of concept, we have developed an aptamer based sensor 
(AptaFluor™) for vascular endothelial growth factor (VEGF) that produces a time resolved Förster 
resonance energy transfer (TR-FRET) based signal. The target recognition moiety is a short DNA 
aptamer that exists predominantly as a loose random coil in the absence of ligand, but undergoes 
substantial structural reorganization upon VEGF binding. We have coupled this structure-switching 
mechanism to an oligonucleotide displacement feature to produce a change in TR-FRET between a 
lanthanide donor and an organic fluor acceptor. The AptaFluor™ VEGF assay enables homogenous 
detection of human VEGF protein in cell culture media in a physiologically relevant range, i.e. low 
picomolar to nanomolar concentrations, with sufficient signal magnitude and precision for HTS. To 
demonstrate its practical utility, we have used the assay to detect VEGF secreted by primary PC3M 
and HUVEC cells in a simple add and read format. Moreover, the AptaFluor™ biosensor showed 
no discernible cross-reactivity when tested against an array of common growth factors, media 
components, or other VEGF isoforms. In summary, the AptaFluor™ VEGF assay establishes proof of 
concept for harnessing the enormous potential of aptamers for non-invasive, live cell detection of 
soluble signaling factors in an HTS-compatible format. 
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Figure 1. Principle of AptaFluorTM VEGF assay: An 
oligonucleotide displacement mechanism is coupled 
with a structure switching aptamer against VEGF to 
produce a ligand-dependent change in TR-FRET signal 
between a lanthanide (La) donor (Eu-chelate) and 
an acceptor fluor (F). VEGF binding to the aptamer 
displaces a short complimentary oligo (C-oligo) and 
interrupts TR-FRET; the decrease in signal is correlated 
to the protein concentration.

Assay Sensitivity and Stability

Figure 2. AptaFluor™ assay sensitivity: 
(A) Binding isotherms in DMEM media with varying 
VEGF concentrations shows that the assay is extremely 
sensitive, with EC50 ~ 50 pM, which is similar to 
that obtained using a commercial ELISA assay (R&D 
Systems). The signal develops rapidly within 1 hr, and 
is stable even after overnight incubation.
(B) Assay quality assessment using the Z’ parameter 
(n=8) shows Z’>0.5 at 20 pM and Z’>0.8 at 50 pM VEGF, 
with a lower limit of detection (LLD) of 3 pM, indicating 
a robust assay with sufficient signal magnitude and 
precision for HTS. 

Assay Principle

The AptaFluor™ VEGF assay enables homogenous 
detection of human VEGF protein in cell culture media 
in a physiologically relevant range, i.e. low picomolar 
to nanomolar concentrations, with sufficient signal 
magnitude and precision for HTS. To demonstrate 
its practical utility, we used the assay to detect VEGF 
secreted by primary human HUVEC cells in a simple 
add and read format. Importantly, the AptaFluor™ 
biosensor showed no discernible cross-reactivity 
when tested against an array of common growth 
factors, media components, or other VEGF isoforms. In 
summary, the AptaFluor™ VEGF assay establishes proof 
of concept for harnessing the enormous potential of 
aptamers for non-invasive, live cell detection of soluble 
signaling factors in an HTS-compatible format.
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Binding Specificity The sensitivity and dynamic range of AptaFluor™ can 
be easily varied by adjusting the aptamer concentration 
without compromising signal-to-background ratio. A 
change in the aptamer from 0.25 nM to 4 nM increases 
the EC50 about 100-folds. All experiments were carried 
out in cell culture media. 

Figure 3. Specificity of AptaFluor™ VEGF assay: Binding 
specificity of AptaFluor™ VEGF assay was tested 
against an array of common growth factors including 
growth hormone (GH), epidermal growth factor (EGF), 
insulin like growth factor-I (IGF), growth/differentiation 
factor-5 (GDF), and fibroblast growth factor (FGF). No 
significant change in the TR-FRET signal was measured 
upon incubation with the non-target growth factors, 
even after prolonged incubation time. These data 
indicate that there is no discernible cross-reactivity 
between the AptaFluor™ VEGF biosensor and any of 
the other growth factors.

Tunable Response & Dynamic Range

Figure 4. Tunable Assay Response and Dynamic Range:

Multiplexing Enabled Platform

Figure 5. Multiplexing using AptaFluor™ Platform: 
The TR-FRET donor lanthanide Tb-chelate has four 
sharp emission peaks that can be used for multiplexed 
detection of various analytes within the same sample/
well. Using a combination of two different aptamers, 
one for VEGF and another for a small molecule 
S-adenosylmethionine (SAH) with two non-overlapping
acceptor fluors, multiplexed detection was achieved by
measuring signals corresponding to analyte detection
from two separate TR-FRET events.
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Modification of AptaFluorTM Probe for Imaging in 3D Microchannels

Figure 6. Modification of AptaFluor™ to study 3D cell signaling: The AptaFluor™ sensor prototype for multi-well 
assays can be easily modified to a new sensor format that can enable high content imaging in a 3D matrix. To 
achieve this, we replaced the donor lanthanide and acceptor fluor with a fluorescent dye and a dark quencher, 
respectively, and tested the probe performance using BellBrook’s iuvo™ microconduit array platform. Instead 
of wells, the iuvo™ plate has microchannels with ports at either end, which were filled with type II collagen 
containing 50 nM AptaFluor™ VEGF probe. VEGF protein was then added to the output port and its diffusion into 
the collagen matrix could be visualized by an increase in fluorescence intensity of the AptaFluor™ VEGF probe. 
Such technology can have wide-ranging applications, for example, in studying the spatio-temporal dynamics of 
paracrine signaling between different cell types. 

Conclusion
• The AptaFluorTM VEGF assay enables quick and sensitive detection of VEGF in cell culture 

media with a TR-FRET signal. No cross-reactivity is observed with other common growth 
factors.

• The dynamic range of the assay can be easily tuned over a wide concentration range, making 
it well-suited for profiling of potent growth factor stimulants or inhibitors.

• The AptaFluorTM platform offers multiplexing ability for simultaneous detection of different 
sets of analytes in the same sample.

• The sensor can be configured as a fluorescence intensity probe to enable detection of 
soluble factors using image-based methods. 




