
A Comparison of AlphaLISA and  
TR-FRET Homogeneous Immunoassays  
in Serum-Containing Samples

Introduction
The aim of this work was to compare the performance of the AlphaLISA® amplified luminescent 
proximity homogeneous assay technology platform and an alternative time-resolved fluorescence  
resonance energy transfer (TR-FRET) technology assay platform for the detection of five biomarkers. 
These included biomolecules involved in inflammation (TNFa, IL-1b, IL-6), metabolic disorders 
(insulin) and Alzheimer’s disease (amyloid b1-40). As these biomarkers are often studied using 
cell-based assays, homogeneous (no-wash) assays could potentially be affected by the presence 
of serum or other components in the sample matrix. A typical assay may contain culture medium 
with fetal bovine serum (FBS), from 1% to 10%.

Critical parameters for an assay include the sensitivity, the reproducibility (%CV), and the dynamic 
range. The time needed to collect data and analyze results is another important factor. Assay 
platforms that can deliver reliable results in a shorter period of time are highly desirable. The 
AlphaLISA assays exhibited better sensitivity, precision, and a larger dynamic range than the 
alternative TR-FRET technology assay for the five analytes tested. The AlphaLISA assay format also 
required 50% less biological sample volume, shorter incubation times, and simpler data manipu-
lation. We also present data showing that a one-step, streamlined AlphaLISA assay protocol can 
be used to simplify the workflow while maintaining sensitivity.

Materials and methods
The following AlphaLISA assays were supplied by PerkinElmer: IL-1b (#AL220C), IL-6 (AL223C), 
insulin (AL204C), Ab-40 (AL202C), and TNFa (AL208C). Amyloid b1-40 (Ab40) and TNFa, were 
assayed in DMEM culture media + 1% FBS, 1L-1b and IL-6 were assayed in DMEM-F12 media 
plus 10% FBS, and insulin was assayed in insulin-depleted serum.

AlphaLISA assays were performed in white 384-well OptiPlates® (PerkinElmer #6007299). All 
TR-FRET assay kits were obtained from a well-known competing supplier and performed in  
384-well ProxiPlates™ for insulin, Ab-40, and TNFa, or in 384-well low-volume black plates 
(Greiner #784076) for IL-1b and IL-6. All assays were read on an EnVision® multilabel detection 
instrument (PerkinElmer, Inc.). To determine the “unknown” analyte concentrations, a variable slope 
regression analysis was used to fit the data points to a standard curve (GraphPad Prism® software). 
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The TR-FRET assays were performed in 384-well microplates 
by mixing 10 µL of sample or standard with 5 µL of anti-
analyte antibody labeled with fluor and 5 µL of anti-analyte 
antibody labeled with the Eu3+ cryptand. The mixture was 
incubated at room temperature for 2 hours to overnight 
(depending on the assay) and then read on the EnVision 
multilabel plate reader. 

The TR-FRET insulin assay was performed using two differ-
ent assay protocols: a sensitive (low-range) protocol using 
the conditions described above, and a high-range protocol 
that was performed by mixing 2 µL of sample or standard 
with 9 µL of fluor-labeled anti-analyte antibody and 9 µL of 
anti-analyte antibody labeled with the Eu3+ cryptand. The 
mixture was incubated at room temperature for 2 hours and 
then read on the EnVision multilabel plate reader. 

TR-FRET data was processed in two ways, as “raw data” 
using the unaltered 665 nm counts (the output signal from 
the FRET acceptor dye) and as a ratiometric analysis done 
according to the instructions provided in the suppliers package 
insert. In the ratiometric calculation, the fluorescent signal is 
normalized to background signal at a reference wavelength 
followed by a further background subtraction. These two 
analysis methods were compared for IL-1b and IL-6. The 
remaining assays were analyzed using raw data. 

Results

Comparison of assay sensitivity and dynamic range in 
serum-containing samples

The dynamic range and lower detection limit (LDL) for each 
assay was determined by preparing a dilution series of the 
standards with the serum-containing sample matrix. The 
signal obtained was plotted against the standard concentra-
tions tested with each assay. The LDL was determined from 
the calibration curve using the calculation of background 
mean + 3 x S.D. The calibration curves and LDL values for 
each analyte are shown in Figure 3.

The AlphaLISA assays delivered several-fold greater sensitivity 
than TR-FRET assays for 4 of the 5 analytes tested (IL-1b: 
100-fold, IL-6: 50-fold, Insulin: 30-fold, TNFa: 4-fold). The 
AlphaLISA Ab-40 assay had a slightly higher LDL than the 
corresponding TR-FRET assay, 

AlphaLISA assays 

AlphaLISA assays use “Donor” and “Acceptor” beads coated 
with a layer of hydrogel providing functional groups for 
bioconjugation. Streptavidin-coated Donor beads capture an 
analyte specific biotinylated antibody. The Acceptor beads 
are conjugated with a second antibody which recognizes 
a different epitope of the analyte. The Streptavidin-coated 
Donor beads are excited with a laser at 680 nm resulting 
in the release of singlet oxygen which excites an amplified 
fluorescent signal in the Acceptor bead producing an emis-
sion of light at 615 nm, only if the beads are brought within 
200 nm proximity by the capture of the analyte by both the 
antibodies. The amount of light emission is proportional to 
the amount of analyte present (Figure 1).

All AlphaLISA assays were performed in 384-well OptiPlates 
in a final volume of 50 µL. 5 µL of standard or sample was 
mixed with 10 µL of anti-analyte Acceptor beads and 10 µL 
of biotinylated anti-analyte antibody. The mixture was incu-
bated at room temperature for 60 minutes. A total of 25 μL 
of streptavidin-Donor beads was added to the mixture and 
incubated in the dark at room temperature for 30 minutes. 
The assay was read at room temperature with the EnVision 
multilabel plate reader. The same assay volumes and steps 
can be used for assays performed in 96-well half-area plates. 

In addition to the standard two-step protocol described 
above, a one-step protocol was tested using three of the 
AlphaLISA assays. The one-step protocol provides a simplified 
protocol. For the one-step protocol, the assay components 
are mixed in the same volumes and sequence, but the 
incubations are combined into one 90 minute step at room 
temperature after the addition of donor beads. 

TR-FRET assays 
TR-FRET assays are based on the principle of time-resolved 
fluorescence energy transfer. In this assay, the analyte is 
detected using two monoclonal antibodies that recognize 
different epitopes within the analyte (Figure 2). One antibody 
is labeled with a fluor emitting at 665 nm and the second 
antibody with a Eu3+ cryptand. When these two antibodies 
recognize specific epitopes on the target, an energy transfer 
is triggered. The resulting signal is proportional to the con-
centration of analyte in the respective sample or standard.

Figure 1.  AlphaLISA assay method Figure 2. TR-FRET assay method
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Figure 3.  Comparison of dynamic range of AlphaLISA and TR-FRET assays for five analytes in serum-containing sample matrices. Assay sensitivity  
(LDL values) for the two assay platforms ranged from comparable (for Aβ-40) to much greater sensivity with the AlphaLISA assays.
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  Lower Detection Limit Upper Detection Limit & Total Range

 Analyte AlphaLISA TR-FRET AlphaLISA TR-FRET

 IL-1b 2-step: 0.52 pg/mL 112 pg/mL  2 step: 3 ng/mL 10 ng/mL 
  1-step: 3.3 pg/mL Ratiometric: 353 pg/mL 3.8 logs 1.9 logs 
     Ratiometric: 10 ng/mL 
     1.4 logs

 IL-6 2-step: 1.3 pg/mL 130 pg/mL  2-step: 7.5 ng/mL 12.5 ng/mL 
  1-step: 30 pg/mL Ratiometric: 67 pg/mL 3.8 logs 2.3 logs 
     Ratiometric: 12.5 ng/mL 
     2.0 logs

 Insulin 2-step: 1.0 µU/mL Sensitive: 2-step: 3000 µU/mL Sensitive: 700 µU/mL 
  1-step: 3.0 µU/mL 34 µU/mL 3.5 logs 1.3 logs 
   High range:  High range: 3000 µU/mL 
   126 µU/mL  1.4 logs

 Ab-40 110 pg/mL 67pg/mL 2-step: 100 ng/mL 1.6 ng/mL 
    3.0 logs 1.4 logs

 TNFa 2.0 pg/mL 7.6 pg/mL 3.7 logs 2.0 logs 
    2-10,000 pg/mL 20-2000 pg/mL

vention in showing the data in the linear range. The full 
dynamic range of the assay sometimes extends beyond the 
linear range shown. For this reason, we have listed the full 
dynamic ranges for these assays in Table 1.

The AlphaLISA assays consistently exhibited a broader 
dynamic range than the TR-FRET assays in these serum-
containing samples. The extra range amounted to between 
1 and 2 logs in all of the analytes tested. In plotting these 
data we have followed the TR-FRET assay suppliers’ con-

Table 1. Lower detection limit and dynamic range of AlphaLISA and TR-FRET assays:  
the raw and ratiometic data for the TR-FRET assay is shown for five analytes in serum-containing sample matrices. 

Comparison of AlphaLISA two-step  
and one-step protocols

The performance of the AlphaLISA insulin assay was assessed 
using two different assay protocols: a two-step incubation 
protocol (recommended in the product insert) or a one-step 
incubation protocol. In the two-step protocol, the analyte, 
anti-analyte Acceptor beads, and biotinylated anti-analyte 
antibody were first incubated together, followed by the 
addition of streptavidin-Donor beads and further incubation 
of the mixture before reading the assay. The one-step protocol 
uses the same order of addition but combines the incubations 
into a single 90-minute step before reading the assay. 

For the three analytes compared, the two-step AlphaLISA 
protocol gave a slightly better LDL. With both protocols, 
AlphaLISA assay sensitivity was equal to or better than that 
for the TR-FRET assay (Table 1). Figure 4 shows representative 
standard curves for insulin assays run with the two-step and 
one-step protocols.

Figure 4.  Comparison of the one-step and two-step incubation protocol for the 
AlphaLISA insulin 
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 % Recovery

 Analyte Sample Matrix AlphaLISA TR-FRET TR-FRET 
     (raw counts) (ratiometric)

 IL-1b DMEM F12 + 10% FBS 87-111% 94-104% 94-187%

 IL-6 DMEM F12 + 10% FBS 87-102% 83-101% 100-109%

 Ab40 DMEM + 1% FBS 100-113% 88-114%  Nd

 Insulin Insulin-depleted serum 103-110% 98-100% Nd

 TNFa DMEM + 1% FBS 97-111% 93-95% Nd

Comparison of assay accuracy in  
serum-containing samples

Percent recovery was evaluated for each analyte and used as 
an indicator of assay accuracy. Three known concentrations 
of the standard were spiked in the respective assay buffer, 
and each concentration was assayed in triplicate. All three 
concentrations were selected to fall within the standard 
curve. The percent recovery was calculated by taking the 
measured concentration divided by the theoretical concen-
tration and multiplying by 100. 

Figure 5.  Comparison of the TR-FRET “sensitive” and “high-range” insulin assay 
protocols in insulin-depleted serum.

Comparison of the TR-FRET sensitive  
and high-range protocols

The TR-FRET insulin assay offers a high-range assay pro-
tocol which increases the upper detection limit (UDL) but 
consumes 80% more assay reagents. The data in Figure 5 
and Table 1 compare the assay performance with these two 
protocols. The standard two-step AlphaLISA insulin assay 
yielded better sensitivity and dynamic range than the two 
TR-FRET insulin assays combined (Sensitive and High-range). 

Table 2. Comparison of assay accuracy (expressed as percentage recovery) for AlphaLISA and TR-FRET assays. The values shown  
represent the range of values obtained by spiking in analytes at a low, a medium, and a high analyte concentration.

Intra- and inter-assay precision 

To determine the reproducibility of these homogeneous 
assays, the intra- and inter-assay precision were compared. 
Samples were assayed in nine replicates at a high, middle, 
and low concentration using the appropriate assay kit. Intra-
assay data are based on analysis of 9 replicates for each of 
three analyte concentrations for each analyte. Inter-assay 
data are compiled from three such experiments. The analyte 
concentrations (low, medium, and high) were selected to 
span the dynamic range of each assay. 

The intra- and inter-assay precision results for these five 
assays are summarized in Figures 6a and 6b. The AlphaLISA 
assays demonstrated lower intra-assay variability than the 
corresponding TR-FRET assay at the low, medium, and high 
concentration, with considerably lower coefficient of variation 
(%CV) values over the linear range. The inter-assay repro-
ducibility of the AlphaLISA insulin, and Ab40 and IL-1b assays 
was also better than that of the corresponding TR-FRET 
assays, while the AlphaLISA TNFa and IL-6 assays exhibited 
inter-assay reproducibility comparable to the corresponding 
TR-FRET assays. 

The percent recovery of the AlphaLISA and TR-FRET  
Ab40 assays was roughly equivalent for all analytes (Table 2).  
The ratiometric data analysis option did not improve the  
% recovery values for the TR-FRET assays, and in one case 
(IL-1b) this calculation gave rise to a 2-fold discrepancy 
(from 93.8% to 186.8%) at the low analyte concentration 
tested.

Nd = not determined
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Figure 6.  Intra- and inter-assay precision for AlphaLISA and TR-FRET assays in serum-containing samples.  
All AlphaLISA assays consistently showed lower variability than TR-FRET assays.

Figure 7.  Performance of the insulin assay in depleted serum resulted in a marked impact on TR-FRET results at low insulin concentrations.

Effect of serum on assay performance at  
low insulin concentrations

Figure 7 compares the effect of serum on insulin 
assays at the the low end of the standard curve.  
In this study, AlphaLISA performance was minimally 
affected by serum in the sample (Figure 7A). In contrast, 

the TR-FRET insulin assay signal was significantly altered at low 
insulin concentrations in the presence of serum (Figure 7B). 
Although the TR-FRET insulin assay is claimed to be compat-
ible with serum samples, these data suggest that serum can 
interfere with the performance of the TR-FRET assay.

Intra-assay Precision

Inter-assay Precision

A. B.
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ence from serum, while the sensitivity of TR-FRET insulin 
assay was compromised in the presence of serum. In addition 
the wider dynamic range of AlphaLISA assays means fewer 
sample dilutions are needed, which is particularly useful when 
working with cell culture. These important features of the 
AlphaLISA technology enable high sample throughput and 
make the platform ideal for automation. 

Ease of Use and Productivity

AlphaLISA assays were compared with TR-FRET with respect 
to ease of use, relative assay times, and amount of sample 
used for analysis (Table 3). Both assays are relatively simple 
to perform, but AlphaLISA have shorter incubation times 
and use significantly less sample volume compared to 
the corresponding TR-FRET assays. As shown previously, 
AlphaLISA have an additional benefit of having less interfer-

  AlphaLISA Assays TR-FRET Assays

 Incubation time  1.5 hrs 2–24hrs

 Washes No No

	 Sample	volume	 5	μL	 10	μL	(low-range	protocol)	 

	 	 	 or	2	μL	(high-range	protocol)

 Pipeting steps 3 2–4

 Fluoride in the assay No Yes

 Miniaturization Yes Yes

 Ease of use Simple Simple

	 Works	with	serum	samples	 Yes	 Only	insulin	assay

 Serum interference Minimal Average 

	 (for	insulin	assay

Discussion

AlphaLISA and TR-FRET assays for five different analytes 
were evaluated with regard to several performance metrics. 
Overall, the AlphaLISA assays exhibited better sensitivity, 
broader dynamic ranges, and less intra- and inter-assay  
variability than the TR-FRET assays. These data indicate that 
AlphaLISA assays are well-suited for complex sample matrices 
such as serum and cell culture media containing FBS. In  
particular, the insulin AlphaLISA assay performed in depleted 
serum proved to have superior linearity at low analyte con-
centrations. The homogeneous nature of AlphaLISA assays, 
combined with their ease of use and amenability to automation, 
makes them a robust and sensitive assay platform for high 
throughput biomarker screening. 

 

Table 3. Comparison of AlphaLISA and TR-FRET assays.
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