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Abstract
As Luminex® xMAP® technology expands into new application areas requiring greater 
dynamic range, increased emphasis and resources are being channeled into assay 
development, with the aim of generating assays with the highest possible sensitivity.  
The streptavidin-phycoerythrin reporter conjugate (SA-PE) has historically been 
regarded as a generic assay component and has not typically been the focus of assay 
optimization efforts.  However, relative to other assay components, screening for the 
optimal SA-PE can be a less complicated and more economical approach to 
enhancing assay performance.  Utilizing a well-characterized sandwich immunoassay 
for human thyroid stimulating hormone (TSH), we demonstrate that SA-PEs designed 
specifically for the Luminex platform can improve overall assay performance through 
superior brightness and/or low background, and are therefore not simply generic 
components but rather key factors in achieving assay optimization.

Introduction
In the quest to design Luminex® xMAP® assays with ever greater sensitivity and 
expanded dynamic range, much effort can be expended in optimizing individual 
assay components. However, streptavidin-phycoerythrin reporter conjugates 
(SA-PE), commonly used as the detection agent in xMAP assays, are frequently 
overlooked in this process, regarded as simply generic components despite recent 
work to the contrary.  The choice of SA-PE has been shown to have a significant 
impact on assay results (see References for several examples), suggesting more 
emphasis should be placed on the selection of the optimal SA-PE as an integral step 
in assay development.

Desirable characteristics for the optimal SA-PE include high signal, low background, 
good precision and lot-to-lot consistency.  The majority of commercially available 
SA-PEs were originally designed for fluorescence-based assay systems other than 
xMAP.  The potential risk of using one of these ‘one-size-fits-all’ reagents is they may 
not be optimal in all these respects in any given xMAP application.

ProZyme has offered fluorescent conjugates for many applications under its 
PhycoLink® product line.  Over the years, ProZyme has refined a selection of SA-PEs 
specifically optimized for xMAP applications.  Three different types of SA-PE (each 
manufactured by a different process and denoted by a different product code) have 
proven to be especially suitable:

  •  PJ31S  ProZyme’s original high-signal SA-PE; longest manufacturing history.

  •  PJRS20 Newer SA-PE; our highest-signal conjugate.

  •  PJRS34 Another new SA-PE, designed to minimize non-specific background 
                        problems sometimes encountered with certain antibodies.

In the present study we utilize a previously described and well-characterized TSH 
sandwich immunoassay (Baker, HN 2002) as a model assay to compare the 
performance of different SA-PE samples under otherwise identical conditions.  We 
will show that the tested SA-PEs possess all of the desired characteristics 
mentioned above.

Methods
Coupling of capture antibody to microspheres.  Anti-TSH monoclonal antibody 
(clone 057-11003 from OEM Concepts, catalog number MAT04-003) was 
covalently coupled to polystyrene xMAP carboxylated microspheres (Microplex™ 
Microspheres) using a procedure recommended by Luminex Corporation 
(Sample Protocols for Immunoassay using Luminex Microspheres, pp. 10-11, 
Luminex Corporation, April 2007).

Biotinylated detection antibody.  The detection antibody (Medix Biochemica 
clone 5403, obtained from BiosPacific) was biotinylated using EZ-Link® 
Sulfo-NHS-LC-Biotin (Thermo Fisher Scientific).

TSH stock solutions.  Human thyroid stimulating hormone (TSH) was obtained from 
Scripps Laboratories (T0113).  Stock solutions were prepared in PBS + 4% BSA, 
aliquotted to minimize multiple freeze-thaw cycles and were stored frozen.

Evaluation of SA-PE using a TSH Standard Curve.  Signal strength of each SA-PE was 
evaluated by preparing 12-point standard curves of TSH starting at 1000 µIU/ml and 
serially diluted in half-log (factor of 3.16) increments.

1. Antibody-coupled microspheres were diluted to 105/ml in PBS-TBN; 20 µl were 
mixed with 20 µl of diluted TSH in 96-well microplates.   The plate was incubated 
for 60 minutes in the dark at room temperature with shaking at 500 – 600 rpm.

2. Biotinylated detection antibody was diluted to 4 µg/ml in PBS-TBN; 20 µl were 
added to each sample and the plate was incubated for 30 minutes in the dark at 
room temperature with shaking at 500 – 600 rpm.

3. SA-PE was diluted to a standard concentration (usually 20 µg/ml) in PBS-TBN;
20 µl were added to each sample and the plate was incubated for 15 minutes in 
the dark at room temperature with shaking at 500 – 600 rpm.

4. Assay reagents were removed by vacuum filtration in pre-wetted wells of 96-well 
filter microplates (Multiscreen®

HTS from Millipore Corporation), then the 
microspheres were washed twice with 200 µl of PBS-TBN.  The microspheres were 
resuspended in 100 µl of PBS-TBN and read at high calibration on a Bio-Plex™ 200 
instrument running the Bio-Plex Manager™ Software v5.0. Each test was 
performed in quadruplicate and averaged.

Treatment of outlying data points. In some cases, 3 of the 4 quadruplicate 
measurements were tightly grouped with the fourth point differing substantially from 
the other three.  In such cases, the fourth point was eliminated from the calculated 
average if it was more than four times the standard deviation from the mean of the 
other three points.

Results and Discussion
A model xMAP sandwich immunoassay for measuring TSH was constructed 
as described in Methods.  In the current assay, a single detection antibody 
was used (the high-affinity antibody originally described).

Three different types of SA-PE (each designed for high performance in 
xMAP applications) were tested for performance in the TSH assay as 
described in Methods.  For each of these SA-PEs, 8 different lots were tested 
using a 12-point TSH standard curve, with quadruplicate measurements 
averaged and graphed as a function of the TSH concentration.

1.  Selection of Lots to Test

The three SA-PE product codes (PJS1S, PJRS20 and PJRS34) each 
denote a somewhat different SA-PE made by a different procedure.  
Within each product code, however, a consistent manufacturing 
procedure is used.  Lots from all three product codes have been sent to 
multiple customers using or developing different xMAP applications.

Because of the long production history of PJ31S, it was beyond the 
scope of this study to test all of the lots of this product.  The 8 PJ31S lots 
chosen for this study include 6 of the latest 7 production lots and, for 
comparison purposes, 2 lots made in 2005 (lots 841 050 and 841 053).

PJRS20 and PJRS34 are newer products with shorter production 
histories.  Thus we were able to include in this study all of the large-scale 
lots of each of these products.

2.  Assay Range

Figures 1 – 3 are log-log plots of MFI as a function of TSH concentration 
(to best show low-end sensitivities).  The plots show that signal (MFI) is 
proportional to TSH concentration from the lowest concentration tested 
(0.0032 µIU/ml) up to 10 µIU/ml.  Different TSH concentrations are reliably 
distinguishable throughout this range.  At higher TSH concentrations, the 
signal is at or near the maximum which can be measured.

3.  Reproducibility of Fluorescence Intensity

Figures 1, 2 and 3 show TSH assay curves generated using 8 different lots 
of PJ31S SA-PE, PJRS20 SA-PE, and PJRS34 SA-PE, respectively.  In 
each case, the signal strengths throughout the curve are similar for all 
eight lots.  A sole exception is one lot of PJRS20 SA-PE, which shows a 
reduced signal strength throughout the assay curve relative to the other 
lots tested.

4.  Assay Precision

Each curve was performed in quadruplicate.  For each TSH 
concentration, the four measurements were averaged and the coefficient 
of variation (%CV) was determined.  The %CV values for measurements 
made at TSH concentrations from 0.01 - 10 µIU/ml were averaged.  
These limits were chosen because they constitute the range of values 
over which the assay is sensitive to TSH concentration.

Table 1 shows the average %CV values for each of the 24 lots of SA-PE 
that were tested.  All of the values were less than 15%, and seven of the 
eight samples in each case were less than 10%.

5.  Limit of Detectability

The limit of detectability was defined as the lowest TSH concentration at 
which the mean MFI was at least 3 standard deviations above the mean 
of the next lowest tested concentration.

By this criterion, 23 of the 24 lots tested had a limit of detectability of 
0.01 µIU/ml (the sole exception was PJRS34 lot DH23 020). As the 
second-lowest concentration tested, 0.01 µIU/ml was the lowest possible value 
that could be returned for the limit of detectability in the assay as performed.  
This leaves open the possibility that the actual limit of detectability is lower still.  
Further testing at low TSH concentrations would be required to more carefully 
determine the limit of detectability for each lot.

Conclusions
The TSH assay described here is a useful assay for evaluating the 
performance of SA-PE in sandwich immunoassays.

The assay is quick.  Reagents are added without wash steps until after 
the assay is completed.  This significantly reduces the amount of work 
required to perform the assay when compared to a standard assay 
procedure which includes washing steps after each incubation.

The 12-point TSH concentration curve is sufficient to show the signal 
strength as a function of the TSH concentration throughout the dynamic 
range of the instrument.

This will likely be a very suitable assay to use with the FlexMAP™ 3D 
Instrument recently introduced by Luminex, since the instrument will be 
able to measure reporter responses well beyond current limits.

The assay is capable of detecting differences in performance of SA-PE.  
This is evident from the observance of an outlier lot (PJRS20 lot DH26 
009), which has a shifted fluorescence intensity curve relative to the 
other lots tested.  This finding correlates with evaluations done outside 
this study, in which DH26 009 has not proven to be a preferred lot.

We tested multiple lots of each of three ProZyme SA-PEs which are 
designed primarily for high performance in xMAP applications.  The SA-PEs 
tested here show excellent performance in this assay.

Reproducible correspondence between signal strength and TSH 
concentration throughout the entire signal range of the instrument, 
across numerous lots of each of the three SA-PEs tested.

  

Averaging the %CV values through the response range of the assay 
(TSH concentrations between 0.01 - 10 µIU/ml) provides a measure of 
the precision of the assay and thus of the SA-PE conjugate being used.

All tested samples had average %CV values below 15%, and 21 out of 
24 lots (7 of the 8 samples tested for each type of SA-PE) had average 
%CV values below 10%.

Another measure of the performance of the SA-PE used in the assay 
involves measuring the limit of detectability of TSH.

23 of the 24 SA-PE samples tested produced a limit of detectability of 
0.01 µIU/ml, with the possibility that the actual limits of detectability are 
lower still.

These SA-PEs show high signal strength in this assay, which reaches the 
instrument maximum at or near 10 µIU/ml.  This means that these 
SA-PEs are excellent candidates for delivering an even higher maximum 
signal and thus a broader dynamic range on the new FlexMAP 3D 
instrument, while still offering high sensitivity.

These findings demonstrate consistency of manufacture of these 
SA-PEs. The consistency is evident in the similarity of the signal strength, 
precision and limit of detectability shown in the large number of lots 
tested in this study.

In addition, the long-term stability of these SA-PEs is indicated by the similarity 
of the performance of the PJ31S lots, two of which are four years old.
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Future Directions
ProZyme will utilize this and other xMAP assays to continue to ensure high quality, demonstrate long-term stability and provide continuous improvement 
of its line of SA-PE reporter conjugates.
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TSH Concentration (µlU/ml)

Figure 1   Log-log Plot of Fluorescence Intensity vs. Human TSH     
                 Concentration Using Different Lots of PJ31S SA-PE

 841 050  5.41  DH26 005  6.37  DH23 012  3.99

 841 053  6.46  DH26 006  6.62  DH23 013  7.33

 841 082  7.02  DH26 007  5.64  DH23 015  7.67

 841 086  6.72  DH26 008  7.44  DH23 016  4.44

 841 091  8.75  DH26 009  9.12  DH23 017  12.16

 841 092  5.10  DH26 011  11.88  DH23 018  5.41

 841 093  6.86  DH26 012  6.00  DH23 019  8.75

 841 096  13.44  DH26 013  4.55  DH23 020  9.22

          VC% gvA      rebmuN toL           VC% gvA     rebmuN toL        Lot Number     Avg %CV

43SRJP                              02SRJP                               S13JP                 

Table 1   Average Coefficient of Variation (%CV) for TSH Assays  
               Using Different Lots of SA-PE

Lot 841 050

Lot 841 053

Lot 841 082

Lot 841 086

Lot 841 091

Lot 841 092

Lot 841 093

Lot 841 096

TSH Concentration (µlU/ml)

Figure 2   Log-log Plot of Fluorescence Intensity vs. Human TSH 
                 Concentration Using Different Lots of PJRS20 SA-PE   
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Figure 3   Log-log Plot of Fluorescence Intensity vs. Human TSH 
 Concentration Using Different Lots of PJRS34 SA-PE   
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