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Using a single channel SynQUAD system with an extended head 
option, cells were aspirated from a source plate (or hand held tube) and 
then dispensed with varying parameters to determine optimum dispense 
options for different cell types and subsequent imaging.  For more 
fragile cells, bulk dispense through the micro-solenoid valve was 
avoided by aspirating into coiled tubing, allowing up to 1 ml of
suspension before the valve.  
Immediately after dispensing, the viability of the cells was assayed with 
dye exclusion methods, either manually, using Trypan blue, or 
automatically with the MIAS®-2 microscopy reader in fluorescent mode 
using propidium iodide.  
The growth capacity of the cells was assayed, on consecutive days, 
using the MIAS-2 reader at 2.5 or 5x magnification in brightfield mode 
(label-free live cell imaging) or on the last day of the growth cycle with 
MTT.  Images at 5x were analyzed with tunable applications developed 
in eaZYX®.
For functional validation fluorescent images were captured with the 
MIAS-2 reader at 10x magnification.
Standard cell culture procedures were used throughout and trypsinized 
adherent cells were used within a few hours.

High Content Analysis implicates both cell based 
assays and automated imaging/analysis. All kind 
of cell types from cell lines to primary cells can be 
used.  However, often cell supplies, especially of 
the primary cells,  are limited necessitating the 
need for miniaturisation.  Besides miniaturisation, 
there is also a never ending demand to increase 
throughput.  Nanodroplet cell dispensing may fulfil 
both needs in that positioning fewer cells at a 
higher density at the centre of wells reduces cell 
culture time and at the same time avoids the 
necessity for imaging entire wells. 
Currently we are testing a cell dispensing system 
based on SynQUAD technology.  The system can 
do FAST (nl or �l) volume non-contact dispensing 
“on the fly” of cell suspensions or reagents and is 
able to dispense down to 20 nl drops with 
positional accuracy +/- 10 �m.  It is extremely 
flexible and fine tuning of parameters such as 
height of dispense and dispensing speed amongst 
others allows for delicate dispensing of fragile 
cells.  All settings are controlled by an intuitive 
graphical user interface.  

Results
Cell functionality

Images show dispensed NHEK’s (200 cells/well) after growth for several days and subsequent treatment with RA during Ca2+-induced 
differentiation. Nuclei were stained with Hoechst 33258 and transglutaminase-1 (TG-1) was detected with immunofluorescence (IF) 
using a mouse monoclonal Ab (BC-1) and GAM labelled with Alexa Fluor 488.  All images were captured with the MIAS-2 reader at 10x 
magnification. Treatment results in a dose dependent decrease inTG-1 signal (area and intensity). As clearly shown the staining of 
TG-1 is not homogeneous in several aspects.  Note the overall difference in staining intensity e.g. control, the presence of a clear TG-1 
signal in nucleated and anucleate cells (A) and the absence of aTG-1 signal in nucleated cells (B).
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Left panel: treatment with RA results in a decrease in the number of nuclei (cells) present on the bottom of the wells, especially at higher concentrations.
Right panel: upon treatment with RA a dose dependent decrease inTG-1 signal (area and intensity) can be observed;  the signal of cells treated with 10-10 M  RA plus 
10–6 or 10–7 M of the compound is lower as compared to cells treated with 10-10 M RA without compound; the signal with 10-9 M RA plus 10-8 M of the compound is 
lower than 10-9 MRAwithout compound; the signal with 10-6 M of the compound without RA is lower as compared to non-treated cells.

Conclusions

• Nanodroplet cell dispensing is applicable to a wide variety of both suspension and adherent 
cell types, including primary cells.

• Careful control of cell survival, cell growth and cell function after nanodroplet dispensing 
is required.

• Given the wide variety of cell types, from robust to fragile, fine tuning of dispensing conditions 
may be necessary.  In this regard, the possibility to fine tune settings such as dispensing speed, 
dispensing height and to print either through the valve or not are essential.

• Nanodroplet cell dispensing is cost saving by:
� reducing the amount of precious cells 
� reducing the experiment cycle time
� reducing image capture cycle time

Introduction

Methods
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Cell Growth
Mitochondrial activity, MTT

Left Panel: HeLacells (V= 2 µl) were dispensed at different speeds as indicated. After adherence (5 hrs), medium was added and cells were incubated for 1 day at  37 ëC, 5% CO2 and 
95% RH; Right Panel: U-937 cells were printed “on the fly” in U-bottom plates at different dispensingspeeds as indicated.  After incubation (4 days) images were captured at 2.5x

Different volumes of a cell suspension (500,000 cells/ml), ranging from 100 nl to 4 µl, were dispensed with SynQUAD.  A fifty fold dilution of the cell suspension was prepared and 
volumes ranging from 5 µl to 200 µl were dispensed with the Multidrop (Labsystems). Four days after seeding MTT was performed acc. to standard procedure. 

Effects of dispensing speed

After dispensing cells in flat bottom plates (HeLa) or U-bottom plates (U-937) medium was added after adherence of the cells for 5 hrs (HeLa) or immediately (U-937). Images at 5x 
(HeLa) and 2.5x (U-937) were captured on consecutive days after seeding as indicated.

Growth after addition of medium
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Growth in droplets

After dispensing with SynQUAD(aspirate/dispense mode), droplets were immediately incubated at 37 ëC, 5% CO2 and 95% RH.  For imaging, plates were sealed and images at  5x 
were captured with MIAS-2 reader at consecutive days (d) as indicated.
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Trypsinized cells were aspirated & dispensed (not through the valve), drop by drop and 
from the top of the plate.  The cell density was ~ 500,000 cells/ml and V = 4 µl. The 
number of dead cells was assayed with PI and image analysis using MIAS-2 reader. 
For manual dispensing (pipetting) the cell suspension was diluted 50x and V = 200 µl. 
Graphs represents average percentages and cv, n= 12 for pipetting and 60 for 
SynQUAD dispensing.  About 2000 cells were counted per well.

Suspension cells, U-937 and two hybridoma’s (Hyb) were dispensed as before but 
through the valve (bulk dispensing).  The cell density was ~ 500,000 cells/ml and 
V = 25 µl both for manual dispensing (pipetting) and dispensing.  After addition of 
Trypan blue, the number of viable cells was assayed using a Neubauer counting 
chamber.  Graph represents average percentage and cv,  n = 4.  At least 100 cells
were counted per data point.  
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