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Introduction: Method: Table 2: Costar 384-well: Tare-subtracted measurements of 43 puL volume cylinders
. _ . . Instrument Calibration: Before collecting volume measurements of sample plates, a calibration in a Costar 384-well.
Modern drug discovery and research labs are utilizing complex automation systems to assist in , , , , , ,
. . . . . of each plate type listed in the Materials section was established by measuring the wells of an average STDEV V. %Emor Min  Max Range
high throughput screening of novel drug candidates. A large portion of these laboratories are _ _ , , S e oo e o s s 2
. . empty plate several times, followed by measuring those same wells filled with metallic cylinders se 4329 062 14% 07
using ANSI-SBS-standard 96- and 384-well plates to achieve the necessary throughput. The vol- , tred 4288 018 0% 03% 412 434 22
. i of known volumes. The empty well volumes and the filled well volumes were then used to estab-
ume of sample transferred into and out of these plates can be critical to the success of assays or _ L _ N
. . . . lish a calibration curve that matches a known volume with a specific pressure for each plate type.
validation of procedures. One specific example is in the preparation of mother/daughter plates o , pasohversge 1 2 3 4 5 6 7 8 9 1 1 12 1 U 15 16 1 1 1 20 u 2 B 2
. . . This calibration curve was then used to accurately estimate the volume of any samples measured e e e e e e e e e e e e e e e e e e e e e e e
from compounds pulled from library stores. It is not uncommon to find a compound storage tube , , C 436 433 434 435 i34 i35 432 431 431 433 isa 424 423 e 431 430 430 436 41 434 435 435 433 438
. L g . : in all plates of the plate type of interest. B 432 430 423 425 430 435 428 429 431 42y 433 433 432 433 420 427 428 428 435 431 431 431 429 437
COntalnlng IeSS VOIUme than EXpECtEd’ WhICh INn turn may FESUItlnlnCOrreCt VO|ume5 dEIIVEFEd F 435 435 433 431 431 439 433 434 435 436 438 435 430 437 438 435 438 434 438 434 437 437 438 440
G 427 433 43.2 433 434 439 433 43.2 432 432 431 418 421 433 432 434 434 432 4377 436 436 434 436 435
to mother plates to be used for screening tests. A simple approach to determining volumes in : . . . | W32 435 436 438 439 444 a1 435 433 431 422 4lo 408 421 429 432 438 440 443 440 436 435 439 437
these prepared mother plates is needed. Experiment: The following experiment was performed for each of the plate types lsted
i the Materigls section: S ESEE SRR R R R RS
P 44, 44.1 44.1 44.3 44.3 44.0 439 43.4 43.7 43.1 43, 42. 43.0 43.2 43,5 43.6 439 44.5 44, 439 44.4 44, 44.1 44.2
Using a new pressure-based volume measurement technology, it is now possible to make direct 1. An empty plate was measured three (3) times on the Artel SDS.
measurements of volumes in microplates. This new measurement technology is found in the The three reads per well were averaged and used as a “tare” value for each well in AP R A A A A R A R - A A S )
. . . . . B 43.1 43.2 43.1 42.9 43.1 42.8 43.0 42.9 43.0 43.0 42.7 43.1 42.9 42.9 43.1 43.1 43.0 43.4 43.1 43.0 42.9 43.2 43.1 43.1
Artel SDS, which provides precise and accurate volume measurements in 96- and 384-well micro- the plate. Although a calibration curve had already been established for the plate type, 5 139 430 428 430 415 425 430 450 425 430 45 421 ALs 427 420 430 431 427 419 450 430 4o 451 41
lates. The SDS technologv determines well volume bv sealine and pressurizing individual wells e Y S T F 428 428 430 427 408 427 408 428 427 428 428 430 427 438 430 438 430 429 9 428 430 428 429 429
P - gy Y g P g well specific tare values were used to significantly reduce the variation within the plate. G 450 431 431 430 431 430 430 430 420 428 430 430 429 431 428 429 430 420 420 425 429 429 431 431
d is able t telv and ted| th tents of Il without d to th . . . : | B0 428 428 40 420 48 420 428 429 430 40 420 429 429 429 428 431 429 429 430 427 430 450 430
and 15 able 10 accurately ana repeatedly measure € contents or a well without regar 0 € 2 ApreCISIOn metaICyllnder Of known volume (Flgure 3) was then plaCEd IN everywe” ) 429 430 428 431 430 428 430 430 428 430 431 428 429 428 429 430 430 429 430 426 428 429 429 428
. . ’ K 428 428 428 426 425 428 427 429 428 428 427 427 428 428 428 427 427 426 429 428 428 426 428 428
shape of the well, type of plastic, color of material, or type of sample. of the plate (Figure 4), and the plate was re-measured M 451 426 429 429 429 428 431 430 429 430 430 4Ly 425 429 428 427 426 430 430 432 430 428 430 430
’ ’ N 429 429 43,0 429 4277 429 431 43.0 43,0 43.0 429 422 431 431 43.0 43,0 43.0 43.0 427 431 428 43.0 428 427
3. The tare volumes collected in Step 1 were then subtracted (per WE”) g|v|ng P 430 428 427 450 428 426 430 428 439 450 428 428 429 450 420 429 429 438 430 437 420 438 427 427
Using four common plate types and a variety of precision metal cylinders of known volume, the the volume of the metal cylinder in each well.
basic operational principles of this volume measurement technology is demonstrated herein. _ .
Table 3: Greiner 96-well: Tare-subtracted measurements of 242 L volume cylinders
in a Greiner 96-well plate.
o o o . Average STDEV CV % Error Min Max  Range
Operating Principle:
h d tared 241.4 0.5 0.2% 0.3% 239.8 2423 2.5
: : : : Figure 3: Photo of 242 ul, 67 ulL and 43 uL
The Artel SDS technology is based upon measurement of pressure in a confined microplate well, high precision me{al cylin'ders
when a known volume of air is pumped into that well. Simply stated, the technology is based Base average 1 2 3 4 5 6 7 8 9 10 11 12
A 237.5 241.8 242.9 247.5 242.9 2434 241.7 242.0 245.7 243.8 2415 240.8
I . B 2436 2419 243.3 242.6  243.8 240.5 2434 2428 242.3 242.2 244.2 243.2
Upon the Ideal gas laW' C 243.7  250.6 242.4 241.8 242.1 240.7 240.3 241.8 242.3 241.0 2435 244.9
D 248.2 242.4 242.7 240.2 240.8 239.7 238.0 2404 240.4 239.7 247.8 250.6
E 243.3 245.8 242.8 242.4 2414 239.9 239.9 240.1 241.6 2419 2455 251.0
PV — nRT (1) F 2446 2444 243.7 242.4  242.3 241.3 242.1 240.9 241.8 242.4  243.8 246.1
_ c— Figure (1) G 242.5 243.7 243.6 243.2 243.7 243.1 2414  242.0 244.2 2449  242.2 242.1
f ﬁ _STQ'T'I‘E'E'IE_SS Figure 4: PhOtO Offl”Ed 96-W€” and384_we”plates H 239.9 241.7 243.8 243.7 244.2 244.1 244.3 244.2 243.0 242.6 242.0 241.3
where P is the pressure of a system confined to SYRINGE
. . . 1 talce
VO|Ume V, N IS the mO|ES Of gaS IN the COnﬁned B O Jl em— Materlals' Tared Average 1 2 3 4 5 6 7 ) 9 10 11 12
. . . A 240.8 241.8 241.1 241.1 241.2 241.2 240.8 240.9 241.2 241.4 242.0 242.1
system, R is the ideal gas constant, and Tis the  eessure _ e 96 Costar 3365 — Polypropylene — Round Bottom B 2416 2414 2412 2414 2413 2403 2409 2411 2414 2418 2416 2413
. . C 240.8 240.6 2413 240.9 241.0 240.8 240.5 240.8 241.2 241.1 241.2 241.1
temperature of the gas in the system. Equation e 96 Grei
PRESSURE reiner 655101_P0|ystyrene_F|at Bottom D 241.8 242.1 242.1 242.1 242.2 242.0 241.9 241.9 242.3 241.8 242.2 241.8
. . ol . i E 241.5 241.2 241.2 241.7 241.5 241.5 241.6 241.3 241.7 241.5 240.5 241.2
(1) states that if a confined, constant number \Lf | ~ : 1101 | | F 2418 2421 2420 2418 2417 2418 2419 2417 2421 2422 2416 2413
ﬁ e 384 Greiner 781101 — Polystyrene — Flat Bottom G 2412 2412 2410 239.8 241.0 2407 2409 2409 2415 240.6 2412 240.4
of gas molecules, held at constant temperature @ 384 Costar 3657 — Polypropylene — Round Bottom H 2413 241.8 2414 2409 2409 2409 241.0 240.8 2415 2414 2418 2416
. . . EAL ¢ - - u
is compressed (i.e., volume is decreased), then — = ih dl 3l 67l d242th»;1 o | o
o . : B 1 ennsrace o an i recision metal volume simulating cylinders
the pressure will increase in direct proportion o SPAC HL B/ 1L HERIEN P &y
to the decrease in volume: I T Table 4: Costar 96-well: Tare-subtracted measurements of 242 pL cylinders in a Costar
N 96-well plate.
Res u Its ¢ Average  STDEV cv % Error Min Max Range
. . base 243.0 1.2 0.5% 0.4% 237.5 251.0 13.5
. Table 1: Greiner 384-well: Tare-subtracted measurement of 67 pL volume cylinders tred 2416 05 02%  0.1% 239.8 242.3 2.5
Pty (2) in a Greiner 384-well plate
_ . o Vs Inverse Pressure Figure (2) Base averaged 1 2 3 4 5 6 7 8 9 10 11 12
Equation (2) IS more commonly Average STDEV ~ CV  %Error ~Min  Max Range A 2411 2422 2432 2433 2425 2449 2444 2435 2443 2452 2441 2421
" le’s | J 350 e base 672 06 09% 03y 646 691 45 B 2432 2425 2427 2416 2431 2426 2424 2434 2431 2431 2442 2435
nown as Boyle’s law, and can - 30 = i T C 2435 2413 2428 2413 2402 2443 2427 2426 2424 2427 2439 2441
2 250 ' ' T D 2440 2435 242.0 2419 2427 2415 2422 2410 2414 2421 2423 2443
be USEd tO Compare the State Of ;§ZOO E 244.6 243.0 241.2 242.0 242.1 240.5 241.9 242.2 242.2 242.1 242.6 2448
2 gas under two different sets 1.0 ramare ] e I R o s R L
Of Condiﬁons as expressed in §100 i BaseAveragﬁ 6;3[.0 652.2 673.3 63.7 62.7 62.7 667.9 639 62.9 6%3(.)7 617%0 617?2 617?1 617‘}0 617?0 617§0 617?0 617§1 617?1 626(.)5 629 627?3 625%5 628‘}0 H 238-7 241'9 242'9 242'9 244-6 244'2 245'9 244-6 244'4 244-8 243'2 241'1
! o C 670 674 674 665 673 661 €71 671 661 671 674 666 €71 €72 667 664 671 666 68 667 671 661 673 687 | ' | | | | | | | | ' |
equation (3): ) S  Gsi G2 656 670 672 667 670 670 667 645 671 668 668 669 666 665 667 671 663 667 665 €71 o8 74
G 678 674 59 647 670 664 665 669 66 665 G665 665 664 665 668 65 665 667 664 665 71 668 e 677 e 1 2 3 4 5 6 7 8 9 10 11 12
e Suage presre | G4 4 668 &1 &1 67 2 ©0 &0 &1 &1 2 &8 ©5 &6 &5 &5 @4 &5 &3 &6 &9 &6 cad A~ 2409 2415 2416 2414 2415 2412 2412 2411 2419 241 2413 2411
J 679 670 669 671 671 667 671 672 670 671 671 673 675 675 675 678 675 676 670 677 677 678 67.6 685 B 241.4 241.6 241.5 240.5 241.9 241.6 241.5 241.6 241.7 241 241.2 240.3
L 681 670 668 671 668 671 672 673 675 673 63 672 68 676 67 675 6.4 675 6.5 675 674 676 650 684 C 2409 2412 2414 2413 2408 2414 2416 2415 2414 242 2413 2409
N 652 71 €70 &1 671 672 673 674 677 €75 63 673 676 675 78 80 &8 617 676 674 678 78 679 685 D 2415 2416 2413 241> 24l>5 2415 2413 24l.1 2412 241 2410 241.2
O 676 670 672 670 670 672 674 677 678 675 674 673 676 677 67.6 683 678 676 67.6 677 675 678 67.8 681 E 2416 2414 2415 2414 2415 2417 2414 2412 2414 241 2414 2415
P 685 677 677 676 675 678 677 679 679 673 674 677 682 675 678 682 680 680 679 681 684 685 686 69.1 F 242.8 242.7 242.7 242.5 242.4 242.7 2425 242.6 2423 242 2426 2426
P1V1=PV2 (3) G 2419 2419 2418 2421 2418 2417 2425 2421 2421 242 2425 2418
H 241.0 241.9 241.7 242.0 241.9 242.5 241.8 242.4 242.0 242 241.9 241.9
Tared average 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
. . . . . . . A 664 66.5 66.5 66.3 66.5 66.4 66.4 66.4 66.4 66.3 66.3 66.3 66.2 66.1 66.0 66.1 66.1 66.3 66.1 66.2 66.2 66.2 66.3 66.2
This equation (3) describes the basic operational principle of the SDS technology. The pressure PGl Mmoo st e seo Gl g gl el Gl fn gl gl o fes gl g ol e g gr gl g o
. . . . . . D 667 665 665 664 665 665 663 664 665 664 664 663 664 662 662 662 662 662 662 663 663 663 662 662
head at P1, shown in Figure (1), is pressed down onto the well of a microplate, the syringe piston P o4 62 62 662 661 660 662 662 62 663 662 661 661 661 660 661 660 661 661 661 661 661 662 662
. . . . . G 67.1 66.9 66.7 66.8 66.7 66.7 66.8 66.8 66.8 66.7 66.7 66.7 66.6 66.6 66.7 66.6 66.6 66.6 66.7 66.6 66.8 66.6 66.6 66.7 Artel SDS Pe Ormance }
pumps in a known volume of air V1, and the pressure P2 is measured. Equation (3) s then used to E R EE R R EEEEEEEEDREEEGEED Spe'Zlfications emorement Seed 358wl pltes < 10 seconds
J 4 . . . . . A . . . i . . . . . . . Ad . d A A .
calculate the volume of the well V2. This volume V3 is either the volume of the well, if the well is ¢ ggg gg% gg% EE?I gg‘i‘ Eg% gg% EE% gg; gg% gg% ggg gg% gg% ggg gg;z‘ gg% gg;l‘ ggg ggg gg;l‘ gg% ggg gg% 96 well plates < 35 seconds
. . M . . . . . . . . . . . . . . . . . . . . . . . . Average ACCUFHCV < 5 |J-|-
empty, or the volume of the headspace above a sample in the well. Thus by knowing the volume O 663 663 G63 62 661 6oz o3 oG5 664 604 64 63 664 Go6 65 cGe 664 065 o6 663 6es 664 o4 663 Repeatabil V< 2%
P 66.3 66.3 66.3 66.2 66.2 66.3 66.2 66.3 66.3 66.2 66.4 66.4 66.5 66.3 66.5 66.5 66.3 66.4 66.3 66.3 66.5 66.4 66.2 66.2 ep.eata Ilty < 0
of the empty well, one can calculate the volume occupied by a sample in that well. r’et'ght | 1‘1‘0@2;30\;'?5
uto-ranging -
Communication Port RS232
Equation (3) demonstrates that the SDS technology can be used to measure the pressure of an
empty well, followed by measurement of pressure when that well is filled with a known volume. Discussion: Conclusions:
Plotting the volume V3 as a function of inverse pressure 1/p, produces a line with slope P1V1, as ) '
shown in Figure 2. Plotting this relationship produces a calibration curve that can be used to The data shown in tables 1-4 demonstrate the measurement performance capabilities of the SDS technology. Modern labs are increasingly relying on automation for managing their liquid transfer and plate filling
extrapolate unknown volumes from the pressure measured for these volumes, in that well type. As. cap be seen, the measurement qf pressure of the a\{allable headspace |n.the well allows for an accurate deter- needs. T.he.se instruments are-su.scepljlblg to tip clogglng, aspiration and. dlspen5|ng errors,.as well as vol-
mination of the volume of sample in each well of a microplate. The resulting volume data reflects the accuracy ume variation due to non-optimized liquid class settings. The Artel SDS is an effective quality control and
and precision provided by the Artel SDS. Removal of intra-plate variation by subtraction of the tare measurement pipetting error detection tool that is versatile, quick, and accurate. Gathering volume information from the
shows further improvement in both accuracy and precision of the results. This tare measurement removes individual wells of microplates in an established workflow can now be quickly and effectively completed
dimensional variations such as individual well depth and diameter. using the Artel SDS. This information can be used for quality control of dispensed plates or verification of
pipetting steps for multistage reactions. Plate taring allows for greater accuracy of well content volume by
removing the plate well variation from the reading.
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