
Figure 2. Image of the 
RES prototype, showing 
the 2x3 layout of wells 
within each source 
plate.  

The fluid transfer performance of one 2 µL/well depletion can be visualized 
in Figure 3, which shows the uniform volume transferred across the entire 
384-well destination plate. 
 
 
 
 
 
 
 
 
 
 
 
 

Additionally, we successfully dispensed 1x PBS over the entire working 
range of the RES, starting from 2.8 mL and dispensing fluid down to 200 µL. 
Again, we achieved accuracy and CV values <5% (Table 2).  

We successfully transferred qPCR reagents using the Echo 525 and performed 
the qPCR assay. An example amplification plot is shown below in Figure 5, 
where clear separation of each of the 2-fold dilution curves can be observed. 
The average ΔCp between the dilution points is 1.02 with a standard deviation 
of 0.06 Cp. The CV within replicate groups is < 2.7%. 

 
The RES is a 2x3 well source plate that has a maximum starting volume of 2800 
µL of fluid per well and a dead volume of 200 µL per well (Figure 2). In this 
work, we characterize fluid transfer from a RES prototype for volumes on the 
scale of nano- to microliters per destination well. Additionally, to demonstrate 
the combined performance capabilities of the RES and the Echo® 525, we 
performed a 2-fold dilution quantitative polymerase chain reaction (qPCR) 
assay. 
 

2. Characterizing the RES transfer performance 
To measure the volume of fluid transfer, the solutions were spiked with fluorescein at 
concentrations of 0.15 mM (nanoliter scale dispenses) or 7.5 µM (microliter scale 
dispenses). Solutions of 1x phosphate buffered saline (PBS) with concentrations of 0%, 
0.001% (5% of the critical micelle concentration, CMC), 0.003% (14% CMC), 0.01% (50% 
CMC), and 0.042% (200% CMC) Triton-X 100 were dispensed from a RES prototype into a 
384-well destination plate (Greiner bio-one), with a target volume of 100 nL/well. To show 
larger volume dispense characteristics across the full working range of the RES, 1x PBS was 
transferred into four successive destination plates – 2 µL (3x) and 0.75 µL (1x). 50 µL of 10 
mM sodium hydroxide (NaOH) solution was then added, the plates were centrifuged, 
incubated for 30 minutes at room temperature, and read on a Synergy H4 microplate reader 
(Biotek). Relative fluorescence unit (RFU) values were converted to volumes against the 
standard curve of the corresponding solution with 0.15 mM sodium fluorescein. The 
average and coefficient of variation (CV) were calculated for each source-to-destination 
plate transfer. 
 
 
Using the Echo 525 and RES, we successfully demonstrated the transfer of 
aqueous fluids with surface tension values ranging from ~72 mN/m for 1x PBS 
to ~30 mN/m for 1x PBS with 0.043 % v/v Triton X-100 (Table 1). The average 
volume and CV values for each fluid transfer were <5%, approximately 
achieving transfer performance levels we have previously reported for 384-
well source plates. 

CMC (%) 0 5 14 50 200 

Accuracy (%) 0.60 2.84 1.22 0.47 2.41 

CV (%) 1.38 1.40 1.57 1.44 1.40 

1. Introduction 
Acoustic liquid handling utilizes high-frequency sound waves that are focused 
on the surface of a fluid to eject nano- and picoliter volumes with high 
accuracy and precision (Figure 1). The Echo® 550 and Echo® 555 liquid 
handlers  transfer 2.5 nL droplets from 384-well and 1536-well microtiter 
plates, across  a wide range of fluids up to 1.25 µL/s.   
 
 
 
 
 
 
 
 
The new Echo® 525 liquid handler increases the transfer droplet volume 10-
fold to 25 nL, which allows for transfer rates of 5 µL/s and enables workflows 
for life science applications that were previously less practical at slower rates. 
To enable the transfer of large quantities of fluid at this faster transfer rate we 
are developing a companion consumable, the multi-well Reagent Reservoir 
(RES), for use in these various applications. 
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Figure 7. Comparison chart showing differences between bulk filling with the RES 
compared to a 384 multi-well plate. Improved costs are realized with the RES for a 
typical qPCR experiment (example we performed was calculated), or any 
other assay requiring costly reagents. Red fluid indicates dead volume level. 
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Figure 6. In-run standard curve generated from 2-fold dilution series with input from 
0.25 to 16 ng, 48 replicates for each input.  

Figure 5. Two-fold dilution 
series (48 replicates each) 
of  Human GAPD target 
with sample added in 25 
nL drop increments with 
the Echo 525. The NTCs 
are observed showing no 
amplification at the 
bottom of the graph in 
light blue, as expected. 

Figure 3. An example of 
transferring 2 µL/well of 
buffer solution (1x PBS with 
7.5 µM sodium fluorescein) 
from the RES to a 384 multi-
well Greiner plate.  

Figure 1. Stop-frame image sequence showing droplet ejection of a fluid as incident sound 
waves normal to the fluid surface form a mound and eject a droplet. 

Table 1: 100 nL/well (4 drop) transfers from RES for fluid with varying surface tension  

Volume (µL/well) 2.0 2.0 2.0 0.75 

Accuracy (%) 2.34 2.75 3.29 2.13 

CV (%) 2.45 2.66 2.59 2.28 

Table 2: Dispensing full range (2.8 to 0.2 mL) of RES to successive 384-well Greiner plates 

Direction of fluid depletion from RES 

These results indicate that the combined performance of the Echo 525 and 
RES is suitable for dispensing a variety of fluids commonly used in life 
science applications. As a demonstration of one application, we transferred 
reagents required for a typical qPCR assay and performed a 2-fold dilution. 

Figure 4. qPCR workflow showing, (1) the filling of reagents in the source plates, (2) the 
transfer of reagents to 384-well destination plates, and (3) the performance of the qPCR 
amplification. 

The standard curve generated from the data shown in Figure 5 has an error of 
0.00378 and an efficiency of 1.996 (Figure 6). 

4. Conclusions 
We have characterized the fluid transfer performance of the Echo 525 
combined with a  prototype multi-well Reagent Reservoir currently in 
development. We demonstrated average volume accuracy and CV values less 
than 5% across the entire working range of the RES, using fluids with varying 
physical properties. This level of performance enabled us to perform a 2-fold 
dilution qPCR assay, where we achieved a CV within replicate groups less than 
2.7%. Major benefits of the RES include: 
 Easy single-step filling of milliliters of reagents per well 
 Faster bulk transfer of fluid since switching from well to well may not 

be required to dispense larger volumes 
 Multiple wells per source plate, which still allows for more complex 

workflows 
 Lower dead volume per well, leading to cost savings (Figure 7) 

 

2.8 mL 0.2 mL 
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