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Cell line development is a crucial step in upstream processes for generating
biopharmaceutical molecules like monoclonal antibodies. Traditional workflows in
cell line development have major drawbacks such as inefficient single-cell
isolation, reduced cell viability, and limited evidence of monoclonality. We present
an approach to address these challenges by utilizing a microfluidics-based singlecell isolation technology and a high-throughput imaging system. The
CloneSelect™Single-Cell Printer™ offers documented proof of clonality and
provides efficient and fast single-cell seeding combined with excellent cell viability
and zero risk of cross-contamination. Meanwhile, the CloneSelect™ Imager allows
for fast and objective confirmation of monoclonality as well as the growth
characteristics of single cell-derived clones. The two systems can be used in
concert to increase throughput with the confidence of clonality and objective
analysis of clones for downstream steps in the cell line development workflow.

Results
Instantaneous Evidence of Clonality.
Clonality. A disposable print cartridge is imaged at the nozzle using a high
depth-of-field camera which ensures cells appear in focus >99% of the time. The system uses an intelligent
image analysis algorithm detects single cell events on the fly. A sequence of five images are captured to
track a single cell as it descends down the nozzle tip and into the microplate, providing added evidence of
clonality from a different vantage point. The image evidence is complimentary that acquired from a
microplate surface. The high correlation of 98.9% ± 1.8 correlation (n = 282 wells) between the nozzle and
microplate images supports this approach.

Introduction
The isolation of single cells is important for a broad spectrum of applications from genomics to
antibody discovery and cell line development. These fields are increasingly in need of technologies to
isolate single cells for downstream characterization and analysis.
Cell line development is a critical step in the generation of biopharmaceutical molecules such as
monoclonal antibodies. In addition to single cell isolation, the process involves the downstream
characterization of clones for productivity, quality and stability.
Current workflows in cell line development have drawbacks including reduced cell viability, inefficient
single cell isolation, and limited evidence for clonality. Limiting dilution, the traditional method for
isolating single cells, relies solely on statistical probabilities for monoclonality that can vary significantly
with slight changes to protocols. The technique is also highly inefficient at isolating single cells but
produces favorable cell viability. The more advanced method of flow cytometry-based single-cell
sorting offers the inverse advantages and disadvantages: strong evidence of monoclonality and high
efficiency but low viability.

Figure 3. Evidence of Clonality at the Nozzle. Images 1-3 show the cell approaching the nozzle. Image 4 shows the detection of a single cell (inner
circle) and the absence of any cells in the vicinity (outer circle). Finally, Image 5 shows the nozzle after droplet ejection to provide evidence that the
single cell was expelled from the nozzle.

Efficiency of singlesingle-cell deposit.
deposit. A total single-cell printing efficiency of 85.3% ±6 (n = 460 wells) was
achieved using the SCP based on analysis of events at the nozzle level of the instrument. Two-cell and null
events were observed much less frequently (6.3% and 8.26%, respectively). The average print time per 96well microplates was 8.1 ± 2.77 min. In comparison, a limiting dilution with a theoretical seeding density of
0.5 cells/well achieves 30% single-cell wells, 10% multiple-cell wells, and 60% ‘void’ or null-wells.
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The CloneSelect™ Single-Cell Printer™ (SCP) by Molecular Devices in collaboration with cytena,
GmbH addresses these limitations with a technology that provides image-based evidence for
monoclonality, efficient and fast single-cell seeding combined with excellent cell viability, and minimal
risk of cross contamination.
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Figure 1. The CloneSelect ™
Single-Cell Printer ™ (SCP)
by
cytena
GmbH
in
collaboration
with
Molecular Devices. (a) The
SCP is an innovative
benchtop device for the
gentle and precise isolation
of single living cells from a
liquid sample. (b) The
system utilizes a disposable
cartridge to minimize crosscontamination.
(c)
The
system works like an inkjet
printer, whereby droplets
are generated by a piezodriven
actuator in
a
predictable
sequence.
When single-cell events are
identified, a shutter is
activated
allowing
the
droplet encapsulating the
single cell to be delivered to
the microplate.
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Viability of clonal outgrowth compared with limiting dilution.
dilution. The CloneSelect SCP’s unique microfluidicsbased print technology is as gentle as pipetting. Because single cell-containing microdroplets are dispensed
gently and each droplet fully encapsulates a cell, the impact on cell viability is minimal. A typical viability of
75% was observed when using CHO-K1 cells. In genearl, viability of outgrowth from single cells may vary
depending on the cell type, sample preparation and upstream workflow conditions. Typical viability rates are
similar to those obtained from limiting dilution when normalized to single-cell wells. An average clonal
outgrowth of 84% was observed for SCP compared with 81% from limiting dilution when normalized to
single-cell wells.
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Figure 2. The CloneSelect™
Imager
by
Molecular
Devices. (a) This system
allows fast and consistent
optical imaging of the
microplate (90s per 96w
plate or 384w plates). An
on-the-fly label-free analysis
algorithm allows objective
and label-free assessment of
cell growth. (b) A day-10
microplate is imaged. Green
overlays
show
the
segmentation of colonies
originating from single cells.
(c) Individual well histories
can be generated that allow
tracking cell division from
day 0 in order to establish
the clonal origin of the
colony.

Figure 4. Efficiency of single-cell
deposition from SCP is compared with
limiting dilution
(a)
Microplate
illustration describing well valence from
limiting dilution in which 28 wells
contain a single cell, 10 wells contain
multiple cells, and 58 wells contain 0
cells.
(b)
Micrplate
illustration
describing well contents from single-cell
printing. 84 wells contain a single cell,
while 6 wells contain multiple cells and
6 wells contain no cells. (c) The
efficiencies of cell deposit is quantified
of SCP. An efficiency of 85% was
obtained for SCP compared with 30%
for LD for single-cell desposition. Mean
6% compared with 60% was obtained
for zero-cell wells was obtained for SCP
and LD, respectively.
Finally, 6%
compared with 10% was obtained for
multi-cell wells was obtained for SCP
and LD, respectively.
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Figure 5. The Viability rates from
Single-Cell Printing and Limiting
Dilution are compared. (a) Day-10
colonies (green) derived from limiting
dilution are shown. (b) Microplate
illustration from from panel (a)
classifying colonies into 3 categories:
void wells, single-cell derived wells,
and multiple cell derived wells. A total
of 28 single-cell clones resulted from
limiting dilution (c) Day-10 colonies
(green overlay) derived from lsinglecell printing (d) Microplate illustration
from panel (c) classifying colonies into
3 categories: void wells, single-cell
derived wells, and multiple cell derived
wells. A total of 68 single-cell clones
resulted from SCP (e) Viability of
single-cell derived clones from limiting
dilution are compared to those of SCP.
An average viability of 84% was
observed for SCP compared with 81%
from limiting dilution
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Conclusions
• The CloneSelect Single-Cell Printer delivers a high efficiency of single-cell deposit (>80%), while providing
image-based evidence of clonality from the cartridge nozzle.
• The gentle, microfluidics-based dispensing method improves single cell deposit throughput while
minimizing cross-contamination, allowing more clones to be carried forward compared with limiting dilution.
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• Combining the CloneSelect SCP with CloneSelect Imager provides higher assurance of clonality because
the single-cell events are imaged in two independent instances from different vantage points, increasing
the probability of observing and documenting bona fide single cell events. .
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