
Summary graphs of data from six runs for each condition are shown arranged by 

plate type, with EC50 summary on the left and Hill Slope summary on the right. 

Numbers within each bar represent the average EC50 or Hill Slope for the 

combination shown.  The red line tracks across % CVs for each condition.

A slight difference in % CVs is noted depending on processing method, with the 

previously mentioned anomaly in run 6 with the Greiner plate contributing to 

variability in the GloMax manual condition.  Overall the different vendor plates 

performed equivalently. 

The contribution of cells to assay variability was investigated by comparing results 

from a cell-based assay to those generated using a biochemical assay to quantify 

caspase activity.  One plate brand, all three plate readers/luminometers, and 

automation versus manual pipetting were included in the study.

Biochemical assay method.  Manual and automated biochemical assays were 

assembled by adding 100µl of recombinant caspase-3 enzyme (Enzo) in 10mM 

Hepes + 0.1% Prionex to a Corning #3610 plate, followed by 100µl addition of 

Caspase-Glo 3/7 reagent as described previously.  The amount of caspase-3 

enzyme used was designed to give an assay signal close to that obtained in the 

cell-based assay.  Luminescence was recorded with each microplate reader.  This 

process was repeated six times, and included fresh enzyme preparation for each 

run.

Automation results.  The plate uniformity of the cell-based and biochemical 

assays is nearly identical on the automated platform with this plate.  It is possible 

that the pipetting precision limitation of the automated platform has been reached, 

or that additional steps required in the cell-based protocol, such as cell mixing prior 

to dispensing, are most consistent with the automated program.  

Manual results.  Slight differences were observed between the cell-based and 

biochemical assays performed manually.  The higher CV obtained in the cell-

based assays could be attributed to inconsistent cell mixing or cell handling from 

run to run, which, as data suggest, may be improved with an automated platform. 
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For all cell-based studies, frozen U937 cells (a human cell line 

which rapidly responds to TNFα with caspase induction) were 

thawed and diluted directly into warm medium.  Cells  

(15K/well, 50µl) were immediately arrayed into several different 

brands of 96-well plates, manually or automatically using a 

BioTek Precision™ Microplate Pipetting System.  Plates were 

equilibrated for 40 minutes in a 37°C/5%CO2 incubator prior to 

addition of TNFα/Blocker combinations (samples).  The same 

cell suspension was used for both manual and automated 

processing runs. 

For plate uniformity bioassays, a single sample of 

TNFα/Blocker antibody, representing a preparation previously 

characterized  to give partial blocking, was prepared (final 

2.5ng/ml TNFα + 40ng/ml antibody) and manually dispensed 

into two identical plates and pre-incubated for 1 hr at 37°C. 

Samples (50µl each) were then transferred to all wells of 

several different brands of 96-well plates manually or 

automatically and incubated for 2.5 hr at 37°C.  Each series 

of tests  (3 manual, 3 automated) was independently 

performed 6 times.

To process plates for Caspase-Glo®3/7 detection, assay 

plates were removed and allowed to cool at room 

temperature for 30 minutes prior to adding Caspase-Glo® 3/7 

reagent (manually or automatically, 100µl/well). Plates were 

shaken and luminescence recorded 1 hour later using 3 

different plate luminometers (BioTek Synergy™ MX, Promega 

GloMax Multi+, and Tecan Safire2).

For full titration bioassays, a full dose response series of 

antibody was serially prepared manually or automatically.  

An equal volume of TNFα (10ng/ml, 4x final) was added to 

the antibody dilutions (manually or automatically) and 

incubated for 1hr at 37°C.  These samples were then 

transferred to 4 rows of the cell plates manually or 

automatically and incubated for 2.5 hr at 37°C. Each series 

of tests  (3 manual, 3 automated) was independently 

performed 6 times.
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Summary graphs for plate uniformity are shown, arranged according  to each of the 

three plates (vendor and part #) used in this study.  Numbers within each bar 

represent the average % CV for that combination.

Automated vs. manual processing.  Automated processing showed slightly better 

average % CV compared to manual processing.  However, the error associated with 

the manual processing was more consistent across the six runs.

Impact of microplate on plate uniformity.  There was no obvious trend in the data 

that would indicate superiority of one plate over another in this study.  Of all the plates 

tested, the Corning #3610 plate showed the lowest overall full plate CV of those 

tested, though the other plates performed well.

Impact of microplate reader.  In general, all three microplate readers performed 

equivalently.

Representative EC50  titration data are shown from manual and automated processing, 

with all three brands of microplates, using the BioTek Synergy MX microplate reader 

for luminescence detection.  Data were analyzed with GraphPad Prism v5.03 software, 

four parameter fit, variable slope curve fit analysis. 

Summary graphs of data from six runs for each condition are shown arranged by 

microplate reader, with EC50 summary on the left and Hill Slope summary on the 

right.  Numbers within each bar represent the average EC50 or Hill Slope for the 

combination shown.

The average EC50 are equivalent across all conditions, and except for one outlier 

run, the Hill Slope is also very consistent.   The manual Greiner plate read on the 

GloMax in run 6 generated a more right-shifted EC50 curve compared to previous 

runs on that reader. Aside from this one anomaly, all runs generated data that 

suggest equivalent performance across all conditions.

Run 1 Corning 3917 auto Corning 3917 manual 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

A 365666 363557 366458 361880 361080 356641 351622 358722 353108 375196 360202 346728 A 349978 351681 341138 352843 338021 340693 343928 362165 346704 357875 365336 371414

B 351953 369317 365280 344514 341373 373001 381257 377355 382951 353599 367078 399071 B 359830 349012 361318 363898 358151 363783 357737 364392 335126 344554 368629 386520

C 332812 358004 338619 337724 347795 356516 329449 352839 343574 349680 340048 338602 C 358063 338711 346441 354547 352477 339838 350501 346708 342606 340735 362182 374523

D 360687 335615 348662 371054 335198 366095 345251 353382 343770 351183 352125 343552 D 322916 329823 317375 325580 326533 355256 320841 344286 329835 342681 348157 362461

E 400388 383362 336023 344893 363653 360949 334357 351381 337489 350748 316836 339635 E 344990 333813 339258 324052 333260 332984 327560 333298 318062 337532 346008 367543

F 359972 358534 357112 345062 350150 312192 329750 398175 357144 338010 325592 323985 F 332850 334453 330397 333730 347126 365403 350929 345743 339901 342846 343539 368932

G 365973 366244 315087 330448 313446 335267 354120 351501 323863 334513 329556 348813 G 328168 357185 355094 351195 330309 347953 327100 328615 337126 330762 356993 325658

H 378020 371972 352201 358039 344873 342263 329386 347148 326127 330969 318742 345216 H 336009 346496 329219 331911 347189 339281 319246 338430 350270 339224 347350 348926

Run 2 Corning 3917 auto Corning 3917 manual 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

A 441048 439704 421914 446613 489254 455811 447505 433134 427363 438564 427145 417371 A 445312 480512 444476 489631 483837 493797 492760 469523 466141 465180 476467 521906

B 459431 461054 474226 419114 448299 439205 508035 477165 425455 438075 450149 456502 B 465043 456564 419927 442783 479983 457423 488568 455121 445701 462057 461851 462265

C 418362 434133 443041 427477 421436 435209 406134 432323 430051 457139 418646 429093 C 471002 448043 450013 444198 441080 457957 450164 445100 450975 462010 439882 465820

D 425203 437036 433370 442502 404132 398441 409841 429629 441264 456774 422376 440740 D 422133 431628 435848 450261 419442 435510 405078 401394 436045 422031 395072 438910

E 408408 437393 448156 435923 410799 413219 411856 403454 406959 415580 422578 418228 E 428545 423633 414050 423123 417701 411338 402971 410941 411247 449579 416757 472882

F 420103 408224 416089 431084 406970 386831 399980 417710 444812 403141 420790 382893 F 469962 456218 429084 423300 427396 433488 416109 443367 431385 441800 444601 466465

G 466490 471575 424283 456468 443537 421985 400651 430466 416227 424386 409028 404627 G 423581 413620 387995 433382 412383 435906 411318 389255 397087 415605 429520 438712

H 444116 442215 456037 459408 448424 438641 438864 391798 411733 414133 422140 434062 H 419741 390193 389331 405759 427120 438818 406408 399126 397464 411795 395532 425610

Run 3 Corning 3917 auto Corning 3917 manual 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

A 385046 348251 385701 389133 354375 385564 396492 373260 404262 361692 366109 369091 A 390059 401023 401836 427633 399831 439511 398590 402435 372514 417927 409683 390958

B 378447 375704 358016 374727 358697 376212 403923 371882 366791 363880 384345 376749 B 413060 387681 377262 388815 389341 389322 391811 395853 385112 397265 369111 402934

C 357986 363844 367050 384435 355522 366580 347722 404238 361414 349688 350611 360235 C 377799 365395 388607 382043 377681 368320 386098 367452 360454 368527 380951 380608

D 352123 357371 355460 347200 340473 357485 357277 350798 364628 347228 355655 358436 D 356115 338756 368182 383993 366182 344950 356114 340269 354741 391252 379273 380317

E 386318 358965 357855 353106 349155 342951 327616 353455 372775 372098 349577 355086 E 412098 369535 357739 378249 358449 365210 348862 365021 343766 364196 358960 397256

F 353072 389921 342264 380069 365725 338204 360463 351926 338355 342663 326817 334407 F 387054 361998 365708 380207 364543 372777 367484 364124 358007 345658 376887 404065

G 361430 369576 355276 379775 381502 359779 369015 368590 360745 351558 331832 349244 G 377056 371047 362995 354325 356627 372573 371210 354384 385250 376559 357686 384993

H 351877 356351 354045 367539 364247 359420 355513 367812 355887 363397 351186 353972 H 352260 349915 374219 375268 393121 386793 366729 369640 351005 366567 346193 341614

Run 4 Corning 3917 auto Corning 3917 manual 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

A 424487 392941 418384 422349 406865 403148 425520 412636 412661 428447 378207 419680 A 466818 446041 462958 442100 462180 467563 455400 457156 464443 464154 431844 437588

B 456154 440898 425493 384486 395912 412450 393756 399365 405998 406387 400103 400378 B 413528 428277 402652 423932 429943 424601 411445 423324 421857 408666 424147 441120

C 431098 410779 401863 393750 394113 390932 419279 388837 410511 390322 382993 387924 C 407882 390500 379476 414929 414965 400171 399197 396420 405752 419432 414720 423535

D 399735 398814 415138 395738 384627 385274 409084 370354 388171 367164 371629 389373 D 389820 399752 389058 399585 374436 372497 392784 407499 400229 422246 400407 453549

E 399627 387127 418366 395231 394359 404854 376382 381002 374298 382330 368336 366375 E 415318 396222 406811 397120 390473 389351 388929 390678 394077 392061 403693 419827

F 399073 388077 382352 378319 379788 375552 390273 364582 389870 370932 374486 369234 F 400387 392205 394546 390351 408237 376837 382855 397723 415252 413193 402479 399782

G 395799 424106 375337 403301 388169 400651 362638 377497 388679 359247 352166 369209 G 390814 395881 396593 410207 415678 397951 410377 402909 392372 424698 416119 435838

H 377764 399205 401329 401341 392763 396298 393153 367440 397403 383998 357500 354494 H 392644 403492 415870 403199 401679 383865 400364 414910 400379 381165 405929 426939

Run 5 Corning 3917 auto Corning 3917 manual 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

A 382238 373041 365085 404672 359841 369167 372808 367140 379094 377592 351527 358173 A 393750 380656 382579 381845 390753 398603 378023 399407 380595 402877 401582 408198

B 376003 382200 363174 359479 380593 363856 361395 356698 357213 358592 385860 342485 B 356269 359799 367625 386450 380965 386071 367518 398895 375695 375736 400054 414564

C 364150 370983 364087 371034 341933 339425 351072 387390 341334 351723 352474 353999 C 347544 381891 344611 389547 339443 356831 347440 364490 367967 366205 396972 382065

D 351934 344629 342567 367795 335326 349354 351751 349946 363153 346300 348301 353278 D 324983 314828 324685 354811 315489 338652 322586 359594 326732 359535 340076 374386

E 357723 364782 326866 355052 338730 339886 362278 324102 333928 340534 338192 342391 E 320554 316458 331565 362541 330155 347695 326980 360152 341249 377708 356335 373887

F 350934 365522 342844 370000 327779 359876 335822 330316 339445 378155 348772 361738 F 324160 324433 316933 351190 334103 359343 340858 340691 344512 363193 350421 380972

G 363944 362208 359819 362548 363079 347966 345466 359781 381582 352326 348994 354417 G 331915 321345 320791 356316 333800 332412 326434 340461 332308 348589 350199 352085

H 360682 344055 344467 377404 334204 359119 335517 346641 350788 340828 316497 345018 H 333713 312084 313181 322142 317776 371441 321417 349242 342348 345467 349199 362246

Run 6 Corning 3917 auto Corning 3917 manual 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

A 442258 447644 417943 428379 404022 418173 417890 429068 407598 402823 418316 414519 A 411202 391197 396088 412556 422786 413566 421601 395214 408457 393213 401454 411985

B 437364 433510 388192 399132 408054 391217 415456 409083 416527 393731 382275 408084 B 420837 399159 363565 405610 415265 390215 383404 412472 396008 391836 400309 426512

C 456493 388875 409681 394658 385565 379344 376952 409199 392360 396697 400943 403901 C 440651 404069 404011 360479 383402 377739 365879 388800 372718 396690 403848 420641

D 384776 370050 377422 384825 369431 376592 371029 391728 394033 380871 392159 427335 D 403146 388058 382960 398753 365391 367550 354352 362607 371865 376921 376661 394226

E 412015 400178 387839 397114 387521 379446 427702 395554 386896 379583 382714 390122 E 412120 378074 397614 414517 352904 367236 346264 364880 362183 375445 390113 388163

F 426690 422038 416245 407938 398380 371620 373728 361440 419823 389537 378385 380206 F 418362 408917 367548 403640 358217 363605 357518 354030 369213 384626 373030 398201

G 439021 427553 414849 380761 351639 417258 374347 404642 391544 405474 367299 378038 G 392124 400922 388886 355055 386407 400831 387406 359332 369643 374652 402235 398233

H 406349 408530 420968 432795 435737 406227 406501 413746 386451 385094 390370 396861 H 389310 416411 395459 407661 416126 418096 396135 415151 436203 439432 422889 405023

Raw RLU values obtained on the Synergy MX microplate reader using the Corning # 

3917 plate are shown for all six plate uniformity runs for both manual and automated 

pipetting.  Automation processed plates are on the left and manual processed plates 

are on the right.  The conditional formatting function in Excel was used to apply a 

color scheme to each data set. Yellow represents the 50th percentile signal on each 

plate, with green to red color gradient scaled accordingly to represent low to high 

signal from the mean, respectively. 

The Synergy MX showed random run-to-run variation across all conditions.  The 

same was true for all other combinations of microplates and readers evaluated.

TNFα blocker biopharmaceuticals represent an important and successful 

class of protein drugs used in the treatment of several autoimmune diseases, 

including rheumatoid arthritis, psoriasis and Crohn’s disease. This success is 

driving the discovery of new versions of these protein drugs, new indications,  

and biosimilar development because some of these drugs come off patent 

protection soon.  

Bioassays are indispensible tools in biopharmaceutical drug development 

and commercialization.  They are used to quantify biological activity and stability 

of drugs or drug candidates.  Precision and accuracy of the bioassay are all-

important in both drug discovery and development, and in manufactured 

biopharmaceutical lot release, yet many bioassays suffer from drawbacks such 

as complexity and variability of results.  

We developed a simple, homogeneous and robust bioluminescent TNFα

blocker bioassay based on quantification of caspase 3 activity.  The bioassay 

has good precision and accuracy and can be performed in one day.  It uses 

U937 (human) cells which exhibit rapid response to TNFα.  By developing and 

using U937 cells in single-use frozen, thaw-and-use format, we were able to 

remove variability arising from continuous cell culture.  

Part of bioassay development also includes analysis of bioassay 

ruggedness, in which the influence of external factors on bioassay test results is 

measured.  Our study here describes such an analysis of our TNFα blocker 

bioassay using a 96-well plate format.  We included evaluation of automation in 

the analysis, as  some bioassay laboratories use automation for liquid handling.  

For this, the assay steps of antibody titration and of cell and reagent dispensing 

were automated using a simple, yet robust liquid handler.  Validation of the use 

of instrumentation with the assay chemistry was thus part of the study.  

Ruggedness variables evaluated were (i) manual and automated pipetting, (ii) 

bioassay plate used, (iii) luminometer / microplate reader used, and (iv) 

bioassay run (day).  Assessment of ruggedness was based on (a) variability 

around RLUs obtained in plate uniformity tests using a single dose of TNFα

blocker antibody, and (b) variability of assay EC50 and Hill Slope obtained 

between assay runs of full dose-response titrations of TNFα blocker antibody.  

• Automating the liquid and cell pipetting steps of the TNFα blocker bioassay 

generated results that are comparable to running the assay manually , validating 

that the bioassay is automatable in 96-well format.

• The TNFα blocker bioassay with frozen, thaw-and-use  human cells is easy to 

perform in either manual or automated format.

• Automated pipetting systems, such as the Precision, enable hands-free 

assembly of TNFα blocker bioassays, freeing up technician time for other 

laboratory activities.

• Precision of luminescence signal obtained in the cell-based TNFα blocker 

bioassay was just as good in automated bioassay and only slightly less in 

manually set-up bioassay than biochemical assay based on the same detection 

(caspase activity).

• Precision of EC50 and Hill slope results in the cell-based TNFα blocker bioassay 

was generally good (< 8% CV) for almost all conditions tested.

•The TNFα blocker bioassay was rugged, as demonstrated by essentially 

equivalent results obtained  in plate uniformity assays and full titration bioassays 

using 3 different plate vendor/types, 3 different microtiter plate 

readers/luminometers and in automated assay assembly versus manual set-up.

• The results obtained in these studies demonstrate that the  cell-based TNFα

blocker bioassay we have developed (i) is suitable for use in different labs using 

different 96-well assay plates and luminescence plate readers, (ii) can perform 

equivalently well in manual or automated mode, (iii) has good precision, 

comparable to that obtained with biochemical assay methods.  

• The bioassay is suitable for applications where quantification of blocking protein 

drug action on TNFα activity is needed.


