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Rapid Immunoassay Development Using  
the U-PLEX® Assay Platform 

Biotinylated capture antibodies are coupled to one of ten unique U-PLEX linkers, 
which self-assemble onto unique spots on the U-PLEX plate. Analytes in the sample 
bind to the capture reagents; detection antibodies conjugated with MSD’s 
electrochemiluminescent (ECL) labels (MSD GOLD™ SULFO-TAG) bind to the 
analytes to complete the sandwich immunoassay (shown at right). Once the 
sandwich immunoassay is complete, the U-PLEX plate is loaded into the MSD 
instrument where a voltage applied to the plate electrodes causes the captured labels 
to emit light. The instrument measures the intensity of emitted light (which is 
proportional to the amount of analyte present in the sample) and provides a 
quantitative measure of each analyte in the sample.   

Methods 

Screening for Viable Antibody Pairs Using the U-PLEX Platform 
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5 Sample Testing 
In the expanding field of biomarker research, methods to identify immunoassay reagents and optimize their use can be rate limiting for product development 
programs. Flexible tools that accelerate assay development, from antibody screening and selection to assay feasibility, can accelerate these programs. We 
demonstrated the use of the MSD® U-PLEX platform to conduct early assay development steps in parallel in a multiplex format. This resulted in rapid 
identification of a multiplexed panel of compatible assays.  
Unbiased pairwise screening of 59 antibodies was performed on MULTI-SPOT® U-PLEX plates using biotinylated capture antibodies and detection antibodies 
conjugated with SULFO-TAG™ label. Feasible antibody pairs were identified based on high signal and low background, then ranked using parameters such 
as dynamic range, sensitivity, specificity, sample recognition, and matrix tolerance. Within four weeks, two prototype immunoassays were developed and 
characterized. This screening time frame can range from days to weeks depending on the number of starting antibodies (typically 10-50) and the level of 
characterization required. Due to the flexible nature of the platform and the ability to mix and match reagents, the same conjugated reagents identified in 
screening were used to create and characterize multiplex assay panels. Parameters such as calibration curve, assay protocol, detection antibody 
concentration, and non-specific binding were characterized with up to ten assays simultaneously in a multiplex.  
In conclusion, we demonstrated the utility of a flexible assay development system that allows rapid identification and optimization of assays for stand-alone 
use or in combination with existing MSD assays.  

6 Matrix Tolerance 

8 Assay Specificity 

We demonstrated the utility of the MSD U-PLEX platform for the rapid screening and selection of viable antibody pairs from over 
3,000 potential antibody combinations. The platform was subsequently used to select and optimize multiple antibody pairs based 
on parameters such as dynamic range, sensitivity, sample recognition, matrix tolerance, and non-specific binding. These studies 
demonstrated that the U-PLEX platform can be adapted to facilitate both large and small immunoassay development programs. 

U-PLEX immunoassay on the U-PLEX 10-assay plate 

Capture 
Antibodies

Detect-1 Detect-2 Detect-3 Detect-4 Detect-5 Detect-6 Detect-7 Detect-8 Detect-9 Detect-10 Detect-11 Detect-12 Detect-13 Detect-14 Detect-15 Detect-16 Detect-17 Detect-18 Detect-19 Detect-20 Detect-21 Detect-22 Detect-23 Detect-24 Detect-25

Capture-1 150,204 130,806 119,313 14,278 14,494 19,013 5,700 169,207 38,102 52,675 50,457 237,338 249,937 168,723 202,356 166,002 48,059 21,471 101,776 15,164 28,185 13,880 39,460 45,205 1,227
Capture-2 540,103 429,331 402,242 44,988 46,172 42,755 19,126 449,082 74,166 223,675 115,262 131,191 156,338 101,402 127,340 103,875 41,978 10,865 46,945 1,568 23,911 10,997 4,462 39,578 3,090
Capture-3 52,730 42,943 66,416 3,963 4,036 5,686 2,482 202,493 102,464 16,150 4,869 141,013 120,186 70,958 73,254 70,698 25,655 6,585 23,499 6,837 11,389 1,351 10,147 1,392 932
Capture-4 96,326 75,264 78,274 7,503 7,379 9,580 3,508 209,099 23,542 31,460 13,989 8,168 11,781 5,012 6,672 5,156 108 427 175 54 53 967 1,750 7,363 603
Capture-5 8,609 13,869 5,435 488 430 3,753 1,278 124,480 28,444 7,549 1,645 21,003 21,149 19,630 21,920 18,599 4,283 1,829 5,802 1,322 2,147 377 2,221 243 183
Capture-6 236,219 179,285 162,495 25,550 27,789 3,847 1,253 987 162 96,642 73,255 246,968 223,832 189,406 206,441 200,542 64,019 23,842 156,033 16,459 38,604 28,373 7,833 88,311 879
Capture-7 192,882 116,756 118,930 28,734 25,396 44,953 30,883 141 105 296 1,869 316,509 309,826 282,011 312,774 296,132 77,732 51,467 160,005 44,634 51,947 27,442 44,607 60,782 5,775
Capture-8 3,042 5,790 2,695 134 128 76 10 107,218 3,551 27,666 12,423 102,456 93,805 66,640 109,265 65,043 11,648 9,297 46,916 4,674 9,203 3,574 4,555 3,994 11
Capture-9 324,293 272,290 260,575 44,023 42,511 11,702 5,444 330,356 84,615 90,931 30,634 46 16 18 1,103 22 69 233 62 98 65 172 307 1,647 835

Capture-10 313,705 268,164 231,086 32,562 33,454 11,774 3,723 295,799 81,108 72,153 39,810 2 28 47 709 79 10 118 44 87 44 134 309 825 1,003
Capture-11 298,444 253,722 213,751 29,818 29,411 8,088 2,950 273,532 72,876 63,517 30,323 955 1,241 726 1,249 714 343 144 274 152 232 137 331 713 867
Capture-12 314,466 327,748 227,327 32,412 31,260 25,328 9,121 314,447 93,358 129,609 60,742 163 163 199 949 179 -11 283 190 88 73 137 153 2,371 1,089
Capture-13 287,923 248,830 230,272 32,200 31,511 35,357 18,554 413,070 85,227 91,403 49,667 51 48 107 148 50 44 311 122 66 36 89 2,995 1,788 2,338
Capture-14 338,891 257,107 257,651 44,360 43,898 48,246 22,681 516,526 95,823 96,905 54,979 1,031 1,289 955 1,189 928 398 575 475 191 265 127 5,240 3,258 3,821
Capture-15 352,706 258,696 269,769 48,112 45,227 51,069 21,908 526,135 98,902 103,742 58,774 2,048 3,271 1,814 2,217 1,806 658 624 733 98 446 336 5,198 5,088 4,106
Capture-16 329,307 277,286 271,473 55,068 50,465 49,095 28,797 422,479 90,204 90,626 55,695 390 269 511 481 458 129 602 332 142 165 216 4,784 3,583 3,704
Capture-17 417,570 336,350 336,922 49,490 46,695 46,136 18,526 436,196 123,139 121,062 66,892 164 208 207 250 152 -347 516 121 97 133 228 5,854 6,623 3,347
Capture-18 125,145 115,463 105,429 19,092 16,802 18,995 6,002 138,119 40,117 37,191 23,756 64 42 1,712 75 1,440 16 216 -1,913 39 36 114 5,258 2,453 829
Capture-19 280,393 232,493 214,659 37,612 35,583 34,378 18,596 409,168 82,904 95,999 53,303 395 401 323 358 275 30 301 217 79 115 105 3,626 1,559 2,532
Capture-20 237,268 204,406 167,306 29,513 27,870 27,263 12,940 332,134 75,373 84,475 49,960 101 76 115 149 160 12 250 116 69 72 91 2,887 826 1,775
Capture-21 271,231 220,830 184,641 24,808 23,204 25,081 7,534 376,606 133,061 37,394 16,644 277 337 254 277 244 45 250 177 61 117 47 2,365 628 1,992
Capture-22 144,589 115,347 131,736 22,294 21,312 20,365 8,456 114,510 50,342 35,965 19,249 69 38 103 102 101 -29 231 47 65 69 157 1,861 2,243 1,781
Capture-23 277,071 201,489 221,633 28,270 25,476 12,701 11,844 186,190 28,446 170,139 48,080 353 -353 212 269 172 174 127 91 89 103 1,730 298 121,637 2,432
Capture-24 43,958 34,053 52,614 4,030 3,913 6,906 2,063 170,097 69,107 19,352 4,232 61 -10 3,138 96 148 -37 192 30 26 43 44 3,257 64 529
Capture-25 40,490 32,456 53,193 3,573 3,608 5,525 1,811 208,754 78,940 12,615 3,638 66 58 45 119 32 7 94 72 15 12 58 1,456 172 732
Capture-26 60,966 43,184 40,891 3,992 3,993 7,100 2,453 118,201 25,705 17,596 8,389 799 1,019 578 759 614 157 62 195 59 53 -26 357 202 633
Capture-27 131,442 108,693 128,177 18,528 18,974 21,749 7,200 126,395 77,263 39,855 20,352 27 16 53 -49 79 31 306 88 55 32 400 1,981 1,581 1,506
Capture-28 116,828 88,170 104,338 17,721 18,217 14,923 7,664 82,830 50,734 28,329 14,538 327 324 258 245 223 98 165 134 94 83 53 1,324 1,518 1,761
Capture-29 61,830 50,212 58,216 10,654 10,084 8,189 4,257 46,381 25,694 14,875 8,188 491 353 413 -337 370 108 -576 152 61 101 -324 726 662 852
Capture-30 61,170 49,593 59,814 12,780 11,066 7,771 4,529 46,948 29,243 17,422 8,192 31 52 -22 49 -29 17 131 52 12                               90 701 606 1,219
Capture-31 97,530 76,069 95,299 16,771 16,555 12,172 6,899 66,584 35,421 20,877 11,750 930 805 810 672 774 325 183 -1,807 123 184 45 1,214 1,434 1,446
Capture-32 111,065 87,221 99,328 14,331 14,306 9,162 5,156 67,713 59,586 26,465 10,312 37 63 -11 -11 -26 55 79 37 5 26 47 484 3,275 1,162
Capture-33 20,995 18,114 19,520 3,739 3,437 3,300 1,630 24,215 8,321 5,619 2,665 14 -8 -43 10 -32 -30 24 30 -5 38 21 250 312 300
Capture-34 12,706 9,145 14,557 924 970 3,530 322 51,087 14,136 12,702 5,197 1,377 1,181 607 811 618 70 88 416 58 -1 98 235 -14 33
Capture-35 13,834 11,272 13,711 2,746 2,507 2,542 1,029 11,820 6,038 4,083 3,208 -2 16 809 4 407 34 -7 18 18 -7 -19 1,383 121 466
Capture-36 28,121 26,057 23,275 2,342 2,407 1,612 551 20,105 5,645 4,206 1,882 -3 6 8 12 25 -26 41 -5 -26 -6 36 54 24 98
Capture-37 5,543 12,003 5,525 543 524 1,151 163 19,673 4,073 5,188 1,720 434 777 698 1,073 625 183 132 403 141 207 59 453 94 30
Capture-38 12,287 10,723 11,637 2,097 1,862 1,790 991 17,091 4,916 2,996 1,122 3,618 2,420 3,319 2,609 3,171 1,302 4,426 1,373 537 931 122 827 205 75
Capture-39 3,403 4,275 3,953 333 361 415 112 173,306 3,079 44,751 23,946 183,501 159,016 86,519 168,224 85,086 21,837 19,051 65,971 8,801 15,910 5,444 8,532 5,212 37
Capture-40 602 438 558 56 37 116 32 248,988 7,904 116,317 88,935 326,579 311,371 251,256 277,277 241,353 71,093 39,995 151,018 25,149 45,040 15,921 57,433 21,468 126
Capture-41 66 181 184 170 157 4,552 234 251,661 83,929 836 6,036 325,670 328,040 228,779 255,606 223,092 96,599 36,453 169,814 43,363 64,756 20,705 71,066 25,137 223
Capture-42 628 504 787 164 171 231 135 170,614 82,556 607 651 307,736 283,054 222,144 227,023 228,234 86,813 29,888 139,945 34,575 53,718 15,963 61,201 16,935 221
Capture-43 159 252 262 220 190 228 314 164,642 69,644 563 727 273,277 238,972 199,106 207,986 199,066 100,451 32,922 145,724 45,077 67,803 20,174 73,934 22,842 224
Capture-44 27 112 2 36 46 74 7 143,977 61,151 350 236 237,388 207,605 143,110 175,058 144,000 47,098 21,995 110,845 19,538 31,854 8,654 25,858 7,888 99
Capture-45 55 -18 26 27 34 50 6 95,547 40,076 237 164 152,730 133,765 92,025 111,417 95,144 29,855 15,885 73,216 11,647 18,764 6,558 18,374 4,773 82
Capture-46 11 -15 27 8 36 12,217 8,388 71 42,489 60 120 108,351 107,511 55,715 113,140 60,011 10,554 14,626 11,233 5,101 6,511 2,190 15,208 1,580 1,002
Capture-47 30 3 88 31 17 11,500 7,840 118 42,337 71 160 107,391 103,257 52,386 95,030 55,515 8,637 13,071 8,546 3,910 5,389 1,692 14,384 1,328 929
Capture-48 -2 29 8 31 7 -31 22 37,474 7,921 3,009 -6 37,389 38,214 12,402 34,489 10,265 2,770 1,911 24,644 968 1,782 1,451 2,091 1,550 6
Capture-49 4,359 3,273 4,294 404 375 511 153 5,971 2,137 1,207 418 795 992 884 1,200 943 185 112 357 20 89 23 142 21 17
Capture-50 294 459 350 65 41 62 31 5,387 223 796 384 4,380 5,061 3,733 10,126 3,424 444 489 1,362 217 498 269 144 -25 -31

Detection Antibodies Unbiased screening of 59 antigen-specific antibody pairs on 
the U-PLEX platform. Pair-wise combinations of all 
antibodies labeled with biotin or MSD GOLD SULFO-TAG 
were evaluated for their ability to produce robust signal in 
the presence of calibrator and low signal in the absence of 
calibrator (diluent only). Shown is a heat map of selected 
signal data from this study arranged to allow visualization of 
antibody pairs that generated the highest signals. Green 
represents pairs with the highest signals, yellow represents 
pairs with signal in the 50th percentile and red represents 
pairs with low or no signal. Thirty-eight antibody pairs were 
selected from this screen based on high signal and low 
background (data not shown) for continued screening.   

Captures Detects Hillslope LLOD S/B ratio at 
Cal-4 

Capture-1 

Detect-1 1.2 1.5 43 
Detect-2 1.0 0.3 157 
Detect-3 1.1 0.84 68 
Detect-4 1.3 3.2 27 
Detect-5 1.0 0.94 38 
Detect-6 1.0 1.1 76 

Capture-2 

Detect-1 1.2 1.9 29 
Detect-2 1.0 0.42 75 
Detect-7 1.1 1.4 63 
Detect-8 1.1 1.3 37 
Detect-4 1.3 2.8 17 
Detect-5 1.1 1.2 19 

Capture-3 

Detect-1 1.0 0.35 82 
Detect-9 1.3 3.5 12 
Detect-2 1.0 0.34 69 
Detect-3 1.0 0.24 96 
Detect-4 1.3 2.9 14 

Detect-10 1.2 3.4 12 
Detect-11 1.6 25.2 2 
Detect-5 1.3 4.9 6 

Detect-12 1.2 4.1 11 
Detect-13 1.1 1.6 16 
Detect-14 1.2 2.5 16 
Detect-15 1.4 6.1 9 

Capture-4 

Detect-1 1.3 6.4 7 
Detect-9 1.8 24.6 2 

Detect-15 1.0 0.61 46 
Detect-13 1.1 1.2 31 
Detect-14 1.2 2 18 
Detect-15 1.3 3.1 21 

Capture-5 

Detect-1 1.2 5.8 8 
Detect-9 1.6 19.4 3 

Detect-15 1.0 0.78 34 
Detect-13 1.1 1.4 22 
Detect-14 1.2 1.4 7 
Detect-15 1.2 2.3 7 

Capture-6 Detect-16 1.0 1.3 39 
Detect-14 1.1 2.8 14 
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Secondary screening on the U-PLEX platform was used to 
evaluate full standard curves of 38 selected antibody pairs. 
The table (far left) summarizes the results from secondary 
screening of selected antibody pairs. Individual hillslopes, 
lower limit of detection (LLOD), and signal to background 
ratio at Cal-4 are tabulated. A total of nine antibody pairs 
with desirable background signals, sensitivity, and hillslope 
were selected (highlighted in yellow). Standard curves for 
selected assays are graphically displayed (near left) 
demonstrating that all assays have broad dynamic range 
across several logs of signal.    

4 Secondary Screening of Selected Antibody Pairs on the U-PLEX Platform   
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Capture 1 2 3 4 5 
Detect 2 3 4 2 1 2 3 15 15 

Background 67 80 136 91 43 71 105 21 55 
Hillslope 1.0 1.1 1.1 1.0 0.98 1.0 1.0 1.0 1.1 
Rsquared 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

LLOD 0.33 0.97 1.3 0.55 0.28 0.29 0.24 0.71 1.0 
S/B Cal-4 106 43 18 58 176 125 96 158 54 

Sample testing was performed on the U-PLEX platform. Concentrations of analytes detected 
by each proposed antibody pair are shown at left. Relevant standard curve values for each 
antibody pair are shown below, including LLOD (selected pairs are highlighted in yellow).  
The nine selected antibody pairs were evaluated for their ability to detect analyte in 
12 different stimulated samples. Stimulated samples were used because the analyte is not 
present in normal matrices. Full standard curves and stimulated samples were run in 
duplicate. All pairs were able to detect analyte in samples 2, 5 and 7. Three pairs (highlighted 
by red arrows) were selected based on best reactivity to samples and overall assay 
sensitivity. 

Spike and Recovery
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Three antibody pairs from the original nine were selected to evaluate matrix tolerance on the 
U-PLEX platform. Spike recovery (at left) was evaluated by spiking normal human serum 
(n=3) and EDTA plasma (n=3) from a commercial source or diluent with calibrators at three 
different levels (high, mid, and low).  All three antibody pairs were found to recover within 20% 
of the targeted range. Dilution linearity was also assessed by spiking normal human serum 
(n=3) and EDTA plasma samples (n=3) and diluent (n=3) with recombinant calibrator and 
diluting 2-, 4-, 8-. and 16-fold before testing (data not shown). The average percent recovery 
was based on samples that measured within the quantitative range of each assay.  All three 
antibody pairs were found to recover within 20% of the targeted range, suggesting that the 
samples dilute linearly 2- to 16-fold. Overall, the data suggest that the three selected antibody 
pairs were not sensitive to matrix effects. Of these three viable antibody pairs, Capture 
1/Detect 2 and Capture 2/Detect 2 were selected for optimization. 

7 Assay Range 
Capture Capture 1 

Detection  Detect 2 

  
Calibrator 

Concentration 
(pg/mL) 

Average 
Signal %CV 

Cal-1 40,000 2,577,580 4.9 
Cal-2 10,000 1,013,735 3.5 
Cal-3 2,500 260,250 0.1 
Cal-4 625 66,355 1.4 
Cal-5 156 16,232 4.1 
Cal-6 39.1 4,006 0.5 
Cal-7 9.77 1,113 12.1 
Cal-8 2.44 272 2.3 
Cal-9 0.61 86 20.2 
Cal-10 0.15 58 35.5 
Cal-11 0.04 34 37.2 
Cal-12 0.00 37 4.9 

Hillslope LLOD 
1.02 0.79 

Assay Specificity 
  Calibrator 

Capture 1 2 3 4 5 6 7 

Assay-1 100% 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 

Assay-2 0.1% 100% 0.2% 0.1% 0.1% 0.1% 0.0% 

Assay-3 0.1% 0.3% 100% 0.1% 0.1% 0.3% 0.1% 

Assay-4 0.1% 0.2% 0.1% 100% 0.0% 0.1% 0.0% 

Assay-5 0.1% 0.4% 0.2% 0.1% 100% 0.2% 0.2% 

Assay-6 0.1% 0.1% 0.2% 0.1% 0.1% 100% 0.0% 

Assay-7 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 100% 

The selected assay pair (Capture 1/Detect 2) was multiplexed with six additional assays to 
evaluate calibrator/antibody specificity. In this study, the capture antibody for each assay 
was linked to individual spots in wells on the U-PLEX plate and tested with individual 
calibrators and a blended detection antibody solution. Data demonstrated that non-specific 
binding (non-specific binding signal/specific signal X 100) was less than 0.5% for all of the 
assays. Overall, the data indicated that the new selected antibody pair can be successfully 
multiplexed with six additional assays to form a potential U-PLEX panel.       
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The assay range for one selected antibody pair 
(Capture 1/Detect 2) was characterized. A twelve point 
standard curve was prepared with an initial top of curve 
concentration of 40,000 pg/mL. The standard curve for 
the proposed primary antibody pair is shown (far left). 
The antibody pair demonstrated 3- to 4-logs of dynamic 
range. The table (near left) shows the signals and 
%CVs of each point in the proposed primary assay 
standard curve. 
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