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Abstract Results and Discussion _ _
3.0% Analysis of the data in Table 1 was used
Microtiter plates are ubiquitous pieces of lab ware found in many life science/pharmaceutical laboratories. While these pieces The summarized data for all 16 plates measured during this test method are displayed in Table 1. The statistical analysis conducted for 2o | BN - BN 1 to create individual corrections for every
of lab ware have come to be defined by several published standards, not all dimensions and/or characteristics of a plate, such as each plate was based on the measured absorbance from all wells within the plate, at a wavelength specific to each dye. Percentiles were . well. In other words, the dimensional
: : : . - _— : : . : : : g 1.0% - — . :
well geometry, have been “standardized”. However, irregardless of a specification, dimensional variation between microtiter plate calculated demonstrating the boundaries for defining the inclusion levels for 95% of the data in each plate, as well as the range covered by N variation in each well, as compared to its
2 : . .
wells can be expected. Herein is discussed the relative dimensional variation between microtiter wells within a sample of 384- each percentile. In other words, for the “pre-corrected” plate data in Table 1, 95% of the data is contained within ca. +/- 2.5% of the mean £ 00% | neighboring wells, was assessed using the
(&)
well plates. value measured for the entire plate. Thus, the range of variation in well geometry can be as high as 5%, as shown in Figure 1. g 16 measurements made for that well in each
s -1.0% -
3 of the 16 plates. From this data, a well-by-
Introduction Table 1. Statistical analysis of plate data as mea  sured at two different wavelengths. 2% B well correction array was developed and
- - 200 L - T " = - applied to each of the 16 plates. The data in
First created in the 1950’s, microplates have become so common place that in 2004, the Society for Biomolecular Screening Pre-Correction First Wavelength Second Wavelength 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Table 2 contains the “post-correction”
. - . . . T . . . Plate Number
(SBS) established standards defining multiple dimensions within a plate. These dimensional standards have since been Average  Standard 2.5™ 975"  Percentile Average  Standard 2.5M 97.5™  Percentile statistics for each plate. This approach
, , , , , , , Plate n*  Absorbance Deviation %CV Percentile Percentile  Range Absorbance Deviation %CV Percentile Percentile Range Figure 1. Percentile plot calculated from the pre- '
published through the American National Standards Institute (ANSI), and cover dimensions such as well-to-well spacing, plate ' ) trimmed the percentile rande from ~5%
_ _ _ _ 1 384 22185 00277  1258%  -2.764% 2 416% 5.18% 0.3573 00046  128%  -2753% 2 463% 5.22% corrected data, demonstrating 95% of the plate P 9
height, plate footprint, etc for 96-, 384- and 1536-well plates. The accepted standards are: i) ANSI/SBS 1-2004 “Footprint 2 384 2.2163 0.0274  1.23%  -2614% 2.516% 5.13% 0.3566 0.0046  1.28%  -2683% 2.596% 5.28% wells fall within +/- 2.5% of the mean well area. down to less than 1.5%
) | " ) | | d i) | 3 354 22233 00283 1.27%  -2664% 2 458% 5.12% 0.3579 00048  1.34%  -2767% 2 560% 5.33% "7
Dimensions”, ii) ANSI/SBS 2-2004 “Height Dimensions”, iii) ANSI/SBS 3-2004 “Flange Dimensions”, and iv) ANSI/SBS 4-2004 4 304 2.2273 00281  1.26%  -2567% 2 B59% 5.23% 0.3577 00048 1.33%  -2620% 2 995% 5 61% - :
5 354 2.2160 00285 1.29%  -2721% 2.638% 5.36% 0.3572 00047 1.32%  -2845% 2.527% 5.37% Figures 1 and 2 graphically represent the
“Well Positions”. B 354 2.2139 00281 1.27%  -2.765% 2.578% 5.34% 0.3567 0.0047  1.32%  -2.806% 2633% 5.44% h .
7 384 22234 00288 130%  -2.795% 2.651% 5.45% 0.3585 0.0048  1.35%  -2911% 2.678% 5.59% 3.0% 95" Percentile Range for both the pre- and
While these published specifications and tolerances have helped establish the so-called “SBS standard plate”, they do not 5 384 2.2207 00285 1.29%  -2836% 2573% 5.41% 0.3579 00048 1.34%  -2.850% 2.642% 5.49% :
g 384 22168 0.0280  1.26%  -2.483% 2.592% 5.07% 0.3576 00046 1.30%  -2.423% 2.538% 4.96% 500 - post-corrected data. These figures clearly
cover all dimensions within the plate. For example, the ANSI specifications are largely silent on well geometry, and differences 10 384 2.2185 00278 1.28%  -2.380% 2548% 493% 0.3570 00046  1.29%  -2.458% 2632% 5.09% ' ,
1 354 22272 00286 129%  -2551% 2 E86% 5.24% 0.3589 0.0047  131%  -2.433% 2761% 5.19% o show that applying an offset to each well has
in uniformity therein (other than center-to-center spacing). Thus, in spite of the ANSI standard dimensions, natural variation in 12 384 2.2204 00284  1.28%  -2654% 2.708% 5.26% 0.3582 00047 131%  -2.479% 2730% 5.21% g ) . _
y ( pacing) P 13 384 22196 00281 1.27%  -2690% 2617% 5.31% 0.3576 00046  129%  -2709% 2.624% 5.33% g Lo% a striking effect on the overall plate statistics.
well-by-well dimension does exist. For some assays, this well dimensional variation may not matter. However for other types of 14 354 22182 00278  125%  -2706% 2.612% 5.32% 0.3570 00046  1.28%  -2670% 2.655% 5.33% 2 -
4 Y Y P 15 384 22187 00280 1.26%  -2733% 2581% 5.31% 0.3576 00047  1.31%  -2.886% 2.715% 5 B0% S 0.0% | The percentile range of the post-corrected
testing, which are dependent upon uniform well volume, such variation may have a direct, and possibly silent, impact. 15 354 22170 00278  125% -2713% 2.564% 5.30% 0.3571 0.0047 132% -2858% 2771% 5.60% § data is a factor of 3 smaller than the
One example of testing where deviations in well geometry can have a direct impact is the use of microtiter plates for Averages 127%  -285% 2:59% 5.25% Averages 1.31%  -2E3% 2B8% 5.35% % 1.0% | uncorrected plate data
) lauid | q ] K | di di | I Il di ] q b * n = number of measurements used for statistical calculations, equal to the number of wells in each plate. P )
measuring liquid volumes. To determine an unknown volume dispensed into a plate well, accurate well dimension needs to be - L
' | o | | | o o While not shown here, the individual plate
known for each well used. Any dimensional deviation from one well to its neighbor will only add to the deviation between data shows a dramatic improvement in
measurements. Thus, determining well dimensional variations found to exist within a 384-well plate type can aide in optimizing Table 2. Statistical analysis of data from Table 1, after applying a well-by-well correction array. -3.0% s o e e e e e agreement between well dimensions, but
this, and other types of testing. Such differences can only be found through exacting analytical procedures. " -
Post-Correction First Wavelength Second Wavelength Plate Number only after a well-specific correction has been
" " _ " " _ Figure 2. Percentile plot calculated from the applied. One striking observation is that
Test Method Average  Standard 25 975 Percentile Average  Standard 25 975 Percentile post-corrected data, demonstrating 95% of the o _
Plate n*  Absorbance Deviation %CV Percentile Percentile  Range Absorbance Deviation %CV Percentile Percentile Range plate wells fall Withil,ﬂ +/- 0.7% of the mean well even the 5% of post-corrected data outside
: - - : - ec TR o e 1 364 22182 00078 035%  -0.509% 0.583% 1.17% 0.3573 00013 038% -0600% 0.615% 1.30% area. of the +/- 0.7% range is completely
Dimensional analysis of plate wells becomes increasingly difficult as plate well density increases. Not only is it more difficult 5 a4 e 00081 D DEESL i 389 gl 0o01d 9% 0ERge 07500 byt I, .
; : . 3 384 22229 00071 032%  -0755% 0.643% 1.40% 0.3579 00013 037%  -0882% 0.786% 1.67% contained within the percentile of the
to reproducibly manufacture smaller and smaller features, but the impact of error due to those features also tends to rise, as well X =y P 20071 D% 0B29% 0 BE0% 250 03676 00013 098%  0BEE 07589 | 13 Conclusion L
- - - - - 5 384 22157 00064 029%  -0657% 0.753% 1.42% 0.3571 00012  032%  -0706% 0.780% 1.49% uncorrected data set.
as the error associated with the measurement method itself. Thus, developing a robust and accurate method for measuring : 4 e 000Es  Dom% 0B41% 07050 e 02568 0001s DA% .0B23% Py Eger
- - - - , - 7 384 2.2230 00071 032%  -0815% 0.643% 1.46% 0.3586 00013 036%  -0.929% 0.884% 1.81%
geometrical differences between wells in a plate, or wells throughout a plate lot, is a challenge. Previous work using a 5 a4 — 00074 D.33%  .0837% 0 745% e 03575 00013 Da3E% 0800 0577 o The measured well variation for one particular type of 384-well microtiter plate was measured using a dual-
. . : : : : : 3 384 22165 00088 040%  -0787% 0.720% 1.51% 0.3575 00015 043%  -0.848% 0.746% 1.59%
Coordinate Measurement Machine (CMM) demonstrated this technology to be fully capable of measuring well dimensions in 96- 10 264 59157 00086 0.39%  .0.770% 0.700% 147% 0.9570 00014  0.40%  .0733% 0.752% 1.48% dye photometric method. This method demonstrated that even for the high-end microtiter plate type selected,
Il olates to a hiah level of H it s at ving thi technol to 384-well plat d 11 364 22218 00071 032%  -0774% 0.621% 1.40% 0.3588 00012 034%  -0.806% 0.693% 1.50%
Well plates fo a high level ot accuracy. However, atiempts at applying this same fechnology to Se4-well plates uncovered some 12 354 2.2200 00071 0.32%  -0.778% 0.635% 1.41% 0.3581 00012 0.35%  -0.720% 0.812% 1.53% dimensional variation between one well and it's neighbors could be as much as 5% different. However, this
important shortcominas for measuring this plate-tvpe 13 364 22193 00062 028%  -0675% 0.685% 1.36% 0.3575 00011 030%  -0.690% 0.673% 1.36%
P 9 g P ype. 14 o4 22174 0002 0.28%  -0B33% 0.636% 1.27% 0.3569 00011 030%  -0B64% 0.630% 1.29% same data shows much better agreement when every well is individually corrected for deviation from the mean
don th : hall develoned a dual-d hot i thod ble of extracti I-b I 15 384 22184 00064 029%  -0553% 0.565% 1.12% 0.3575 00012 033%  -0601% 0.811% 1.41%
Based on these previous challenges, we developed a dual-dye photometric method capable of extracting well-by-we 18 384 22186 Q0085 0.29%  D541% 0.562% 110% 2.3570 Q0013 0.57%  0.560% 0.875% 1.44% dimension within the plate. While not specifically shown above, the data presented herein demonstrates that
dimensional variations across a particular 384-well plate type (square well, optically clear bottom, high quality plate). This Averages 0.32%  -DB9% 0.66% 1.36% Averages 0.36%  -0.72% 0.78% 1.50%

the majority of variability of well dimensions exists between individual wells within a plate. However, this data

method involved reproducibly dispensing volumes of dye solutions into each plate, and was applied to a sampling of 16 plates " n = number of measurements used for statistical calculations, equal to the number of wells in each plate.

also demonstrates that individual well dimensions are relatively constant between one plate to another within this

from the same manufactured lot. The measured well-by-well variation was used to establish a correction for each well, as sample, and are likely to be similar across the entire plate lot. In other words, well A1 differs from well A2 in size.

described in the following section. However, all wells Al within a lot of plates share similar dimensions.




