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Abstract

Materials & Methods

The purpose of this presentation is to
demonstrate an alternative use for the
Artel MVS® Multichannel Verification
System. As opposed to measuring the
accuracy and precision of a volume
transfer into a microtiter plate, the MVS is
instead employed to measure the volume
of sample left behind after attempting to
aspirate off the entire sample from each
well of a microplate, i.e., residual volume of
sample is measured. Measuring the
residual volume remaining after sample
aspiration is a direct way for assessing the
performance of the sample removal step.
Using one or more aspiration steps to
remove reagents and contaminants in
wells of a microplate can be an important
step in some assays, such as with the
removal of ethanol during some DNA
purification procedures. In this case,
incomplete removal of ethanol likely leads
to insufficient elution of the DNA
decreasing its overall yield and purity. The
experiments discussed herein show the
proof-of-concept approach for measuring
residual volumes in microplates for
volumes as low as 100 nL in a 96-well
plate or as low as 30 nL in a 384-well
plate.

All sample solutions were aqueous and all MVS measurements were performed in 96-well MVS Verification Plates (VP). For each
volume transfer, aspiration, mix and dispense steps, a Rainin 8-tip 20-200 µL LTS manual pipette was employed. All gravimetric
measurements were performed with a Sartorius Research R160D balance and laboratory environmental factors (temperature,
humidity, and pressure) were not employed in the calculation when converting weight to volume. For each sample aspiration
(removal) step, the pipette was simply dialed to the desired volume value before inserting the tips into the dye solution within the
plate. Each aqueous test solution (MVS Range A, B, and C) was employed at least once to measure theoretical residual volumes of
60 and 140 µL (Range A), 15 µL (Range B), and 2 µL (Range C). Note – per MVS technology, Diluent addition is non-quantitative.
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General Approach

Approach For Measuring Residual Volumes in Any Small Volume
Container, Such as a Deep-well Plate

Experiment 1 (plates 1a and 1 b). (a) An empty 96-well VP (“plate 1a”) was placed on the balance and tared. A second new 96-well
VP (“plate 1b”) was also weighed in comparison to the tared balance for plate 1a (the net difference in grams was applied to the
experiments for plate 1b measurements). (b) 200 µL of Range A was dispensed into all 96 wells of plate 1a. The plate was weighed
and the well-by-well volumes were measured using the MVS. (c) The pipette was dialed down and 140 µL was aspirated out of each
well in plate 1a. After each aspiration step, each 140-µL aliquot was transferred to plate 1b. (d) Both plates 1a and 1b were reweighed. (e) To plate 1a, 140 µL Diluent was added to each well, the plate was weighed again, and the MVS was used to measure
the residual volume (theoretical amount of 60 µL). (f) To plate 1b, 60 µL Diluent was added to each well, the plate was weighed
again, and the MVS was used to measure the well-by-well volumes that were transferred from plate 1a (theoretical amount of 140
µL).
Experiment 2 (plate 2). (a) An empty 96-well VP (“plate 2”) was placed on the balance and tared before dispensing 200 µL of Range
B into all wells. (b) After weighing the plate, it was tilted on the bench and 185 µL was aspirated out of each well before re-weighing.
(c) To plate 2, 185 µL of Diluent was added to each well, the plate was weighed again, and the MVS was used to measure a
theoretical residual volume value of 15 µL.
Experiment 3 (plate 3). (a) An empty NUNC deep 96-well plate (U96 PP 2 mL; 278752) was placed on the balance and tared. (b)
200 µL of Range C was dispensed into all 96 wells and the deep plate was weighed. (c) 198 µL was aspirated out of each well and
the deep well plate was re-weighed. The deep well plate was centrifuged for 1 min at 1100 rpm. (d) Using the approach outlined in
Figure 2, the theoretical residual volume of 2 µL was transferred to a 96-well VP (“plate 3”) using multiple Diluent wash, mix and
transfer steps. In all, 4 cycles of Diluent additions were used (50 µL for each wash, mix, and transfer step; totaling 200 µL of
Diluent). (e) After all Diluent wash, mix, and transfer cycles, the theoretical residual volume (2 µL) in each well of plate 3 was
measured with the MVS.

Results & Discussion

Figure 1. Overview of the approach employed to use the MVS for measuring residual
volumes in a microtiter plate following sample aspiration.

Table 2. Summing all 96 volume measurements per plate (from MVS Output Reports) and converting to a
total liquid weight before comparing to the gravimetric values for total liquid weight

Figure 2. Overview of the approach employed to use the MVS for measuring residual volumes in an MVS-incompatible plate, such as a deep well plate,
where the residual volume is transferred to an MVS-compatible plate for volume measurement. Refer to Artel application note: “MVS Volume Verification
Using Any Microtiter Plate or Small Volume Container, Such as a Tube or Vial”, document #12A5553A, http://www.artel-usa.com/resources/default.aspx.

Results & Discussion (continued)

The goal was to demonstrate that the performance of a sample aspiration (removal) step within a microplate could be
assessed by quantifying the amount of volume remaining in the plate. In some cases, the sample aspiration step may be
required to remove as much sample as possible. In other cases, only a specific amount of sample is aspirated out. The
three experiments described herein, use the later approach.

uniform (repeatable) on a well-by-well basis as the aspiration step employed in plate 1a, which is likely due to
the small volume remaining in such a relatively, large flat-bottom well, i.e., air pockets could have been
aspirated. Regardless, the percent difference between the measurements for MVS and the balance (total
weight for the residual liquid in plate 2) was only 1.04% (Table 2).

The overall approach for experiments 1 and 2 (plates 1a, 1b, and 2) employed the approach shown in Figure 1 and
demonstrate that residual volumes can be measured with the MVS. After 200 µL of dye solution was transferred into
plate 1a, 140 µL was aspirated out and transferred to a new plate (plate 1b). Both the MVS and the balance were used
to measure the residual volume in plate 1a as well as the 140 µL that was removed from plate 1a and transferred to
plate 1b. In all MVS measurements for plates 1a and 1b, the relative inaccuracy and CV values were <1.2% and
<0.66%, respectively (see Table 1, first three columns). The percent differences in total liquid weight between the MVS
and measurements made with the analytical balance, are all within 1.54% (see Table 2, first three columns).

The third demonstration of measuring residual volumes employed an approach detailed in a different Artel
Application Note (see reference information in Figure 2 legend). In experiment 3 (plate 3), the approach
demonstrates that residual volumes can be measured in an MVS-incompatible plate after the residual volume is
transferred to an MVS-compatible plate. After 200 µL of dye solution was dispensed into a deep 96-well plate,
Figure 3. A photo of a 6 x 6 well cross-section of the
the pipette was dialed down with the goal of removing 198 µL of sample from each well in one step. After the
deep well plate after the sample removal step (left).
sample aspiration step, the residual volume (theoretically 2 µL) was transferred to a 96-well VP using multiple
Photo of the same cross-section after the first 50-µL
Diluent wash, mix and transfer cycles. The residual volume of 2 µL was measured with the MVS to have an
aliquot of Diluent was added (right). These images,
accuracy and CV of ~22% and 117%, respectively (Table 1, last column). The removal of 198 µL was not
taken from the top of the plate, show that there is
repeatable from well-to-well, as visually indicated by the cross-sectional image shown in Figure 3 (left). The
variability in the amount of red dye remaining in the
percent difference for total liquid residual weight between the MVS and balance measurements was only 2.46% wells after sample aspiration.
(Table 2). The small relative percent difference for such a low residual target volume-of-interest, in combination
with the high overall CV from the MVS measurements, indicates that the sample removal step from the deep well plate was not as efficient or repeatable on a
well-by-well basis as in previous experiments. Most of the error comes during the sample aspiration step and the difficulty with removing sample from the deep
well plate in one step using a handheld pipette (air pockets could have been aspirated). During the sample aspiration step, it was noticed that some, but not all,
pipette tips were somewhat pinned on the bottom of the plate and the pipette was gently rocked back and forth during aspiration. This pinning, along with the
difficulty in fully aspirating out nearly all of the sample liquid, resulted in many wells having more liquid than others. For instance, upon addition of the first 50-µL
Diluent addition to the residual volume in the wells, it became immediately apparent that some wells contained more red dye than others (Figure 3, right). The
wells with visually more dye (darker red) remaining in the wells after sample aspiration matched the wells from the MVS measurements with higher volume
values (data not shown). Additionally, in data not shown, the measurement results show that residual volumes ranged from 0.33 µL to 13.64 µL, which
subsequently results in a very high CV value for the test.

Initial starting volume in all plates is 200 µL. * Using total plate volume values in g; Percent difference = (MVS - Balance) /
[(MVS + Balance)/2]*100. ** Using total plate volume values in mL; Percent difference = [MVS200µL - (MVS60µL+140µL)] /
[(MVS200µL + (MVS60µL+140µL))/2]*100

Table 1. MVS measurement results for the three experiments detailed in the Methods section

Moreover, the percent difference (for total liquid volume) between the initial MVS measurement of 200 µL, as compared to
the summed portions, i.e., 60 µL residual from plate 1a and 140 µL transferred into plate 1b, was only 0.21% (Table 2).
The accuracy and precision in these measurements show that the 140-µL sample aspiration step was very effective and
this example demonstrates that residual volumes can be accurately measured with the MVS.
As a second example of measuring residual volumes, 200 µL of dye solution was dispensed into a 96-well VP before 185
µL was aspirated out. The residual volume of 15 µL was measured with the MVS to have an accuracy and CV of -1% and
2.56%, respectively (Table 1). The slightly higher CV indicates that the 185-µL sample aspiration step was not as

Conclusions
Measuring the residual volume after sample aspiration is a direct way for assessing the performance of a sample removal step. For instance, depending on the assay, very
small (nL to low µL) amounts of residual volume remaining in the wells may correspond to a very good sample aspiration step. It may be up to the user to determine how much
residual volume a particular assay can withstand through trial and error experiments. If the goal is to aspirate all of the volume out of each well, the MVS is well suited for such
low measurements. The concept and/or process of measuring residual volumes can be performed with the MVS for residual aqueous solutions for volumes as low as 0.1 µL
(standard 96-well plate) or 0.03 µL (standard 384-well plate) or even as low as 0.01 µL (384-well low profile plate).

