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Development of automated single-cell isolation and analysis system —Review—
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Various cells have been utilized in not only research fields (biochemistry, molecular biology, stem cell
research) but also industrial fields (tissue engineering, medicine, energy, foods). It is important to isolate
and breed cells possessing most purposive characters. However, cell heterogeneity within an isogenic cell
population is a widespread event. Stochastic gene and protein expression has been clearly demonstrated at
the single cell level. We here propose a novel concept “single cell breeding” to overcome the potential
problem and describe the development of “automated single-cell isolation and analysis system” to realize

the concept.

[Key words: single cell analysis, single cell breeding technology, cell surface engineering,

high-throughput screening]
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Fig. 1. Heterogeneity of mouse ES (embryonic stem) and hybridoma cells before single cell isolation. (A) Microscopic observation
for mouse ES cells. OLG (ES cells harboring Oct4-EGFP gene) and No. 10 (ES cells harboring Rex1/EGFP gene) were observed
under the confocal laser-scanning microscopy. While OLG cells showed homogenous expression of Oct4-EGFP (panel b), No. 10
cells showed heterogeneous expression of Rex1/EGFP (panel d). Bar = 100 nm. (B) Expression profiles of ES markers of OLG and
No. 10 cells. The histograms of EGFP expression of both cells were obtained by the As One cell picking system. Horizontal axis,
fluorescent intensity associated with the expression levels of ES markers; vertical axis, number of wells showing respective
fluorescence. While the Oct4-EGFP expression in OLG cells was convergent (panel a), the Rex1/EGFP expression in No. 10 cells
was dispersive (panel b). (C) Antibody secretion profile of hybridoma cells. The amounts of antibody secretion from each hybridoma
cell were determined by the cell surface FIA (fluorescence-linked immunosorbent assay) as described in Fig. 5 and the As One cell
picking system. The amounts of antibody secreted from each hybridoma cell were found to be heterogeneous. Horizontal axis,
fluorescent intensity associated with the secretion levels of antibodies; vertical axis, number of wells showing respective
fluorescence. MIN, minimum threshold of fluorescence intensity for positive wells; MAX, maximum threshold of fluorescence
intensity for positive wells.
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Fig. 2. Workflows of FACS and automated single-cell isolation
and analysis system. In FACS system, fluorescence-labeled
cells are kept in the sample tube. The cells are injected into the
flow channel by laminar flow (panel A). Each cell is enveloped
by an oscillator, and exposed to excitation laser. The fluorescent
intensity, forward scatter light (FSC), and side scatter light
(SSC) of each cell are measured by the respective detectors.
Threshold of the fluorescent intensity is determined by pre-run,
which utilizes positive control cells. These cells are discarded
after the measurement. The FSC-SSC dot plot and representative
histogram for fluorescence are shown (panel B). Again, new
fluorescence-labeled cells are injected into the flow channel as
described in panel A. Based on the pre-determined threshold,
each cell is enveloped by an oscillator and concomitantly
charged. If cells show stronger fluorescence than the threshold,
the cells are attracted toward opposite polarity side by a
polarizer, and then sorted to collection tubes (panel C). In
automated single-cell isolation and analysis system, fluorescence-
labeled cells are introduced into the nanochamber slide (see
also Fig. 3) covered with an aluminum frame. Each cell is
sedimented to the bottom of each nanochamber well by brief
centrifugation (panel D). Both fluorescence and transmission
image of each cell on the nanochamber slide are obtained by
the excitation light source, the filter unit, and the CCD camera
(see also Fig. 3) to generate the cell list of both fluorescent
intensity and address of each cell and the histogram. Based on
the fluorescent intensity of each cell, the cells of interest can be
selected freely on the PC-based program (panel E). Each
selected cell is automatically picked up with a glass capillary
equipped on the recovery unit (micromanipulator) (see also
Fig. 3) and moved into each well of the reserver plate (panel F).
Time required for each step is indicated at the right-bottom of
each panel.
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Fig. 3. Automated single-cell isolation and analysis system.
Body appearance (left panel) and internal structure (right
panel). The system consists of microarray (nanochamber slide),
fluorescent microscopy (excitation light source, excitation/
emission filter unit, CCD camera), and micromanipulator
(recovery unit, reserver plate).
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Fig. 4. X-ray LIGA process and nanochamber slide. (A)
Outline of X-ray LIGA (lithographie galvanoformung abformung)
process. Microfabrication on polymethylmethacrylate (PMMA)
plate is generated by an X-ray mask and an X-ray lithography
technology combined with synchrotron radiation. With the
patterned PMMA plate as a master plate, a nickel mold part is
made by electro-forming process, resulting in effective production
of the Ni-made mold part possessing replicated micro-patterns.
Then, the mold part is inserted in a mold base and injected to
produce a polystyrene slide. (B) Nanochamber slide. The
30 x 10°% wells with a diameter of 30 um (panel ¢, bar = 30 um)
are systematically arranged on a polystyrene slide (panels a
and b, bar = 200 um).
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Fig. 5. Cell surface FIA for measurement of antibodies secreted from hybridoma at one cell level. (A) Outline of cell surface FIA.
After seeding of hybridoma cells on a nanochamber slide, the cells are treated with a trapping molecule (e.g., anti-mouse IgG
antibody) fused with anchoring molecule (e.g., phospholipids) (left scheme), incubated for a short time (5-10 min) to allow the
antibody secretion (middle scheme), and treated with an Alexa 488 (fluorescence)-labeled anti-antibody molecules (e.g., antigen,
anti-mouse 1gG antibody) (right scheme). (B) Analysis of hybridoma cells by cell surface FIA. After treatment with a trapping-
anchoring molecule (anti-mouse IgG antibody-conjugated phospholipid), the hybridoma cells were treated with an Alexa 488-labeled
anti-mouse 1gG antibody and visualized under the fluorescence microscopy. The cells exhibited fluorescence from each cell surface

in a dose-dependent manner of antibody secretion.
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Table 1. Comparison of FACS and automated single-cell isolation and analysis system.

Automated single-cell isolation

Properties FACS and analysis system
Cell sample:

Minimum content of positive cells for sorting > 0.1% ~0.01%

Optimal cell density 106~ 107 cells / 1 ml ~ 250,000 cells / 1 ml
Maximum cell number for sorting © 250,000 cells
Minimum cell number for sorting 108 cells 102 cells

Suspension solution Buffer (usually Sheath soln) Culture medium

Cell cluster Not acceptable Acceptable
Machine:

Single cell isolation mechanism

3) Sort by charge
~ 70,000 cells /s
~ 30,000 cells /s
Difficult (path flow)

Processibility for analysis
Processibility for sorting
Disposability of apparatus for cell handling

Gating methods for positive cells
intensity by pre-run

2) Cell group showing over-threshold
fluorescence are judged as positive cells

Multicolor detection > 8 colors

Observation of cell morphology Not acceptable

1) Laminar flow formation
2) Enveloping by oscillator

1) Determination of threshold of fluorescence

1) Nanochamber array installation
2) Pick up by glass capillary
3) Sort by micromanipulator

~ 250,000 cells / 20 min
96 cells / 30 min
Easy (capillary, nanochamber)

1) Generation of cell list of fluorescence intensity
and address (not necessary for pre-run)

2) Each cell showing fluorescence intensity of
interest is judged as a positive cell

~ 3 colors
Acceptable
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