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Abstract

Assay miniaturization is limited by microplate quality and the ability of automated
liguid handlers to accurately address higher-density microplates. Labcyte has
developed and released a 1536-well, low dead volume microplate composed of cyclic
olefin copolymer. This work presents the validation work proving the ability to
acoustically transfer DMSO from the microplate using the Echo liquid handler.
Preliminary validation data on the ability to acoustically transfer various aqueous
reagents are also presented.

Introduction

The Labcyte Echo 500 liquid handler series revolutionizes liquid transfer by using acoustic energy to
eject fluids. Echo liquid handlers allow for assay miniaturization to previously unattainable volumes.
Echo liquid handlers transfer 2.5 nL droplets repeatedly, so precision and accuracy are consistent over
a larger volume range. Large volume transfer is achieved by transferring several hundred droplets
per second. Transfer is non-contact and tipless, with increased cost savings from the elimination of
tips and washing fluids. Miniaturization with the Echo liquid handler retains high assay performance,
allowing quantitative results at higher densities.

Echo® qualified acoustic-grade source microplates are designed and formulated to allow clear
passage of the acoustic energy pulse without distortion. This ensures that precision and accuracy
remain excellent, and that results are consistent between microplate lots. The work presented here
demonstrates the ability of the 1536-well, low dead volume microplate (1536LDV) to achieve high
levels of precision and accuracy in DMSO transfers. In addition, preliminary experimental results
transferring various aqueous solutions is presented.

The ability to transfer buffers and other aqueous reagents at low nanoliter volumes has significant
implications for extending Echo platform applications. A broad set of assays now becomes more
feasible to miniaturize.

Figure 1. The 1536LDV microplate on the source stage of the Echo 555 liquid handler
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DMSO Accuracy and Precision Testing for the 1536LDV Microplate

Transfer of DMSO from 1536-well microplates was tested with fluorescein emission as a readout.
Accuracy and precision were measured across several instruments over a three month period.

Fluorescein was diluted to 0.15 mM in DMSO at 70-100% hydration. The fluorescein-DMSO solution
was added to the 1536LDV microplate at eight fill volumes between 1.0 and 5.5 nL. The solution
was transferred at 25 nL to a 384-well destination microplate (Greiner Bio-One, #781096) with the
Echo 555 liquid handler. After the solution was transferred, 50 niL of 10 mM NaOH was added to the
microplate. The microplate was briefly centrifuged and incubated for 30 minutes at room
temperature. The microplate was then read on an EnVision® Multilabel Reader (PerkinElmer,
Waltham, MA) at 450 nm excitation and 535 nm emission wavelengths. Reported % CVs and %
accuracy are averages of individual fill heights and hydration levels.

Data shown is the result of separate tests conducted on seven different Echo liquid handlers (n=7).
Table 1 shows the average accuracy is 99% of the target volume transfer of 25 nL. Table 2 shows the
average precision is 2% CV. The data demonstrates the feasibility of low volume acoustic transfer of
the Echo liquid handler with the 1536LDV microplate.

Table 1. 1536LDV Accuracy Table 2. 1536LDV Precision

Transfer Accuracy (nL) (n=7) Transfer Precision (% CV) (n=7)
High Volume 25.87 High CV 5.0%

Low Volume 24.13 Low CV 1.0%
Average Accuracy 24.94 Average CV 2.0%

High % Accuracy 100%

Low % Accuracy 96.5%

Average % Accuracy 98.9%

1536LDV Working Range for Aqueous Transfer

Acoustic liquid transfer is predominantly a function of fill height. Due to meniscus shape changes
from the presence of protein, for example, working range is often determined empirically. In order
determine an approximate working range for a solution in the microplate, the 1536LDV microplate
is filled with a buffer of interest. The fluid is depleted incrementally until the Echo liquid handler can
no longer survey, or ‘sense’, fluid; this is the minimum, or dead volume, of that fluid in that plate
type. The upper limit of 5.5 L. was determined by similar methods (data not shown).

Fluorescein was diluted to 0.15 mM in 1X PBS. The fluorescein-DMSO solution was added to the
1536LDV microplate at a fill volume 5.5 nlL. The solution was transferred at 50 nL increments to
different wells of a 384-well destination microplate (Greiner Bio-One, #781096) with the Echo 555
liquid handler. After the solution was transferred, 50 nL of 10 mM NaOH was added to the
microplate. The microplate was briefly centrifuged and incubated for 30 minutes at room
temperature. The microplate was then read on an EnVision® Multilabel Reader (PerkinElmer,
Waltham, MA) at 450 nm excitation and 535 nm emission wavelengths.

Figure 2. 1536LDV 1X PBS Depletion Profile

Aqueous Transfer from 1536LDV Microplates

Aqgueous Solutions with DNA
Transfer of aqueous solutions from 1536LDV was tested with fluorescein emission as a readout.

Fluorescein was diluted to 0.15 mM in 1X TE Buffer supplemented with 0.5 mg/mL salmon sperm
DNA solution. The fluorescein solution was added to the 1536LDV microplate at eight fill volumes
between 1.0 and 5.5 nl.. The solution was transferred at 50 nL to a 384-well destination microplate
(Greiner Bio-One, #781096) with the Echo 555 liquid handler. After the solution was transferred, 50
m. of 10 mM NaOH was added to the microplate. The microplate was briefly centrifuged and
incubated for 30 minutes at room temperature. The microplate was then read on an EnVision®
Multilabel Reader (PerkinElmer, Waltham, MA) at 450 nm excitation and 535 nm emission
wavelengths.

Reported % CVs and % accuracy are averages of eight individual fill heights from two instruments
(16 microplates).

Table 3. 1536LDV 1X TE Transfer Accuracy Table 4. 1536LDV 1X TE Transfer Precision

Transfer was precise with %CVs under 4% in every microplate. Accuracy of transfer of 50 nL was
93% or better in every microplate.

Aqgueous Solutions With Protein

The presence of protein (in this case, 10 mg/mL BSA) increases the meniscus slope. Acoustic transfer
Is consistent at similar fill heights. As a result, good precision is observed at slightly larger volumes.
Table 5 shows precision data for 50 nL transfers from the 1536LDV plate at various fill heights.

Table 5. 1536LDV 1X PBS/10 mg/mL BSA Transfer Precision

Summary and Future Work
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A The 1536-well low dead volume microplate allows for accurate
and precise acoustic transfer of DMSO with the Echo 500 liquid
handler series.

A Acoustic aqueous transfers from 1536-well microplates are
possible over a similar working range.

A Further optimization of acoustic transfer of aqueous reagents are
ongoing.

A Optimized acoustic transfer of aqueous reagents extends possible
applications for the Echo liquid handler to assays where low
nanoliter transfers of DNA, buffer, and protein transfers are
required or advantageous.
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Transfer was accurate from 5.5 nlL to below 1 nL. For subsequent experiments, 1 nL was chosen as the
dead volume cutoff.
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