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Figure 2: ELISA capture antibody optimization. 

Optimal concentration of CAb (represented by dotted line) was determined using IAb at 0.2 
µg/mL (diamonds) or no IAb (squares). 

 

Figure 3: ELISA detector antibody optimization. 

Optimal concentration of DAb (represented by dotted line) was determined by titration in the 
presence of 5 µg/mL ovalbumin (diamonds) or no antigen (squares)  using CAb at 15 µg/mL and 

IAb at 60 ng/mL. 
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Figure 4: ELISA indicator antibody optimization. 

Optimal concentration of indicator antibody (represented by dotted line) was determined by 
titration. The parameters for this optimization were CAb at 15 µg/mL, ovalbumin at 10 µg/mL, 

and DAb at 3 µg/mL. 

Limit of detection of ELISA 

To determine the LOD of the optimized indirect capture ovalbumin ELISA, an antigen titration 
was performed using 2-fold serial dilutions of ovalbumin from 39.1 ng/mL to 4.8 pg/mL. The 
LOD was defined as the lowest antigen concentration giving an absorbance reading higher than 
two standard deviations above the mean background absorbance. Using this approach, the LOD 
was 9.5 pg/mL (Figure 5). This LOD was 30 fold more sensitive than the LOD of 300 pg/mL for 
ovalbumin previously reported [3]. This difference in LODs is likely because the antigen in our 
assay was detected indirectly (two antibodies) compared to the previously reported assay which 
was detected directly (one antibody), thus resulting in an amplification of signal in our assay.  In 
addition, the antibody affinity, avidity and purity may also contribute to the difference in LODs. 



 
 

12 DRDC Suffield TM 2007-261 
 
 
 

 

 

Figure 5: Limit of detection of ELISA. 

Limit of detection for ovalbumin (represented by arrow) determined using CAb (15 µg/mL), 
DAb (3 µg/mL), and IAb (80 ng/mL). Dotted line represents background absorbance + 2 

standard deviations. 

Ovalbumin suspension array immunoassay development 

Optimization of antibody coupling to beads 

The ovalbumin antibody that was selected and optimized as CAb for use in ELISA was used as 
CAb for the development of an SA immunoassay for ovalbumin. To determine the optimal CAb 
concentration needed for coupling to microspheres, protein G-purified mouse anti-ovalbumin 
monoclonal antibody was coupled to beads using a range of protein concentrations from 0.25 
µg/mL to 7 µg/mL. After the coupling process, bead validations were conducted and it was 
concluded that the optimal CAb coupling concentration was 5 µg/mL (Figure 6). This was 
determined by the lowest concentration of CAb yielding the highest fluorescent intensity (FI). 
However, all other concentrations of coupled CAb, with the exception of 0.25 µg/mL, also 
yielded FI values over the recommended bead validation cut off (FI>10,000; Luminex bead 
coupling protocol). It is likely that these CAb-coupled beads could also be used for the SA 
immunoassay, however, this hypothesis remains to be tested.  
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Figure 6: Coupling validation of CAb to suspension array beads. 

Protein G-purified mouse anti-ovalbumin monoclonal CAb was coupled to suspension array 
microspheres at various concentrations. Anti-mouse IgG conjugated with PE (diamonds) or 
unconjugated (squares) was used as IAb. Optimal coupling concentration is represented by 
the vertical dotted line. Validation cutoff of 10,000 FI is represented by a horizontal dotted 

line. Data is representative of two experiments. 

Suspension array assay optimization 

The ovalbumin antibody that was selected and optimized as DAb for use in ELISA was used as 
DAb for the development of an SA immunoassay for ovalbumin. The SA immunoassay was 
performed with the optimized CAb-coupled beads, using concentrations of rabbit anti-ovalbumin 
polyclonal DAb ranging from 0.5 µg/mL to 12 µg/mL, to determine the optimal concentration of 
DAb. The IAb, PE-conjugated goat anti-rabbit IgG, was in excess at a constant concentration of 
10 µg/mL. The concentration of ovalbumin used in the antigen positive wells was 10 µg/mL. 
Under these conditions, the lowest concentration of DAb that yielded the highest FI was 5 µg/mL 
(Figure 7). Therefore, this was considered to be the optimal concentration of anti-ovalbumin DAb 

The optimal concentration of IAb was determined by a SA anti-ovalbumin immunoassay using 
concentrations of PE-labelled goat anti-rabbit IgG ranging from 0.031 to 1 µg/mL, and the 
optimized DAb at 5 µg/mL and antigen in excess at 10 µg/mL. The optimal concentration of IAb 
was defined as the concentration which yielded the highest signal-to-noise ratio. As the 
concentration of IAb decreased, the signal-to-noise ratio increased. The maximal signal-to-noise 
ratio occurred at 0.063 µg/mL IAb (Figure 8), but this concentration had a low signal strength of 
7298.4 FI compared to higher concentrations of IAb that had signal strengths over 20,000 FI (data 
not shown). Therefore, an IAb concentration of 0.25 µg/mL was chosen as it was the lowest 
concentration of IAb that had a signal strength over 20,000 FI, while still maintaining a high 
signal-to-noise ratio (data not shown).  
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Figure 7: Detector antibody optimization for SA assay. 

Detector antibody concentration was optimized in the presence of ovalbumin (diamonds) or 
without antigen (squares). IAb used at 10 µg/ml. Optimized DAb concentration of 5 µg/ml is 

represented by vertical dotted line. Data is representative of two experiments. 

 

Figure 8: Indicator antibody optimization for SA assay. 

Optimal concentration of IAb (vertical dotted line) was determined using ovalbumin (10 
µg/mL) and Dab (5 µg/mL). 
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Limit of detection of suspension array immunoassay 

Utilizing the optimized assay parameters, an antigen titration was performed on ovalbumin to 
determine the LOD of the indirect SA ovalbumin immunoassay, using 2-fold serial dilutions of 
ovalbumin from 312 ng/mL to 0.038 ng/mL.  The LOD, defined as the lowest ovalbumin 
concentration that had a FI greater than two standard deviations above the background FI, was 
4.88 ng/mL (Figure 9). 

 

Figure 9: Limit of detection for LOD in SA assay. 

Limit of detection for ovalbumin (represented by arrow) determined using DAb at 5 µg/mL 
and IAb 0.25 µg/mL. Dotted line represents background absorbance + 2 standard deviations. 

The LODs of ovalbumin for ELISA (0.0095 ng/mL) and the SA assay (4.88 ng/mL) were 
compared and it was observed that the ELISA LOD was 500-fold more sensitive than the SA 
assay LOD. This observation is consistent with findings reported in a previous study [3], where 
an ELISA LOD of 0.3 ng/mL and a SA assay LOD of 1 ng/mL were observed for ovalbumin. The 
500-fold difference may be attributed to the longer incubation times for the ELISA (1 hour) 
versus the SA assays (30 minutes). Also, it is possible that some antibody inactivation occurs 
during the coupling step due to chemical crosslinking of the antigen binding site, resulting in 
decreased sensitivity in the SA immunoassay format. 

Reproducibility of SA immunoassay and ELISA 

The well-to-well reproducibility of the data and the plate-to-plate reproducibility for the SA 
immunoassay and ELISA were also determined. With the standard SA assays that have been 
performed thus far, the average per cent coefficient of variance (%CV) of the FI from one sample 
well to the next (well-to-well reproducibility) was 5.07% over four replicate wells (Table 3). In 
comparison, the ELISA had a well-to-well %CV of 4.9% over three replicate wells (Table 4). 
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With respect to plate-to-plate reproducibility, the %CV of the average FI from one plate to the 
next was 6.05% for four assay plates run over 22 days for the SA immunoassay, and the average 
plate-to-plate %CV was 14.8% over three assay plates in an 8 day time span for the ELISA 
(Table 5). Therefore, well-to-well reproducibility appeared to be similar for both ELISA and SA 
immunoassay formats, whereas plate-to-plate reproducibility was observed to be better for the SA 
immunoassay compared to the ELISA. 

Table 3: Well-to-well reproducibility for SA immunoassay. 

Plate # Mean FI Standard Deviation %CV Average %CV 

1 20236.5 955.41 4.72 

5.07 
2 20273.5 792.42 3.91 

3 21960.3 2278.38 10.52 

4 22842.5 258.09 1.13 

Standard conditions for SA Assay: 5 µg/mL CAb, 10 µg/mL ovalbumin, 5 µg/mL DAb, 0.25 µg/mL IAb. 
Four replicate wells per plate. %CV=SD/mean FI. 

Table 4: Well-to-well reproducibility for ELISA. 

Plate # Mean Absorbance Standard Deviation %CV Average %CV 

1 2.8023 0.1004 3.58 

4.90 2 2.80847 0.1774 6.32 

3 2.1426 0.1026 4.79 

Standard conditions for ELISA: 15 µg/mL CAb, 10 µg/mL ovalbumin, 3 µg/mL DAb, 80 ng/mL IAb. 
Three replicate wells per plate. %CV=SD/mean absorbance. 

 

  



 
 

DRDC Suffield TM 2007-261 17 
 
 
 

Table 5: Plate-to-plate reproducibility for ELISA and suspension array assay. 

Type of 
Assay 

# of Assay 
Plates 

# Wells 
Per Assay 

Mean Signal Plate-to-Plate 
Standard 
Deviation 

Plate-to-Plate 
%CV 

SA Assay 4 4 21328 FI 1290.6 6.05% 

ELISA 3 3 2.5844 AU 0.3827 14.80% 

Standard conditions for SA Assay: 5 µg/mL CAb, 10 µg/mL ovalbumin, 5 µg/mL DAb, 0.25 µg/mL IAb. 
Standard conditions for ELISA: 15 µg/mL CAb, 10 µg/mL ovalbumin, 3 µg/mL DAb, 80 ng/mL IAb. 
%CV=SD/mean. 

Conclusion 

Although both the ELISA and the SA assay are immunoassays, the SA assay format has a number 
of advantages over the ELISA format including the ability to multiplex assays, and the ability to 
test small sample volumes. Based on the availability of 100 discrete bead sets, up to 100 analytes 
may be screened for simultaneously in a single sample. This is beneficial when sample volumes 
are limiting. In addition, the large surface area on each individual bead can accommodate a high 
density of capture antibodies and, therefore, allow for maximal antigen binding. A disadvantage 
of the SA immunoassay format compared to the ELISA format is the requirement for specialized 
instrumentation to analyze bead complexes. A flow cytometer is required to interrogate bead 
complexes upon completion of the assay. The ELISA format, however, does not require such 
specialized equipment. 

In this study, a SA immunoassay for ovalbumin was developed and determined to be rapid, 
sensitive and reproducible. Using the procedures developed for the ovalbumin SA assay, SA 
assays for other BT agents such as toxins, bacteria, and viruses can now be developed. Once other 
individual SA assays are developed, they can be used to create multiplexed assays to detect 
multiple BT agents simultaneously in a single sample.  
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List of symbols/abbreviations/acronyms/initialisms  

BSA Bovine serum albumin 

BT Bio-threat 

CAb Capture antibody 

DAb Detector antibody 

EDC 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 

ELISA Enzyme-linked immunosorbent assay 

FI Fluorescent intensity 

HRP Horseradish peroxidase 

IAb Indicator antibody 

LOD Limit of detection 

PBS Phosphate buffered saline 

PE Phycoerythrin 

SA Suspension array  

S-NHS N-hydroxysulfosuccinimide 
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