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FPGA-based system development for high-throughput single-cell detection and sorting
from micro to nanoscale 7 . )
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Cells are considered as the basic units of life, performihg a multitude of complex
functions and readily changing their program in response to environmental changes. Each
cell type is specifically tuned to the specific tissue, in which it resides, and owns a
different morphology and internal structure. For analyzing and sorting different types of
cells, this dissertation introduced a lab-made single cell detection system and also sorting,
system. '

First, in this dissertation, we provided a.method for constructing a field-
programmable gate array (FPGA) — based impedance flow cytometry. This system
enables a high-throughput and label-free detéction for the cell population, and also the
study of bio-properties-of varidus cell. With the proposed impedance cytometry, we first
pioneered the discovery that the impedance cytometry works without the use of optical
setups for assessing cell shape. Besides, it is also possible to perform intracellular analysis
through increasing the detection frequencies (i.e., > 1 MHz). For example, in the case of
Euglena gracilis (E. gracilis) cells analysis, the intracellular distribution within single
cells can be correlated with the tilting level of high frequency impedance pulses (e.g., 6
MHz). The cell interior biomass ¢an also be monitored through tracing the changes in the

'magnitude of high frequency impedance pulses.

Second, in terms of single bacteria cells detection and analysis, we optimized the
design of the microfluidic devices, so that to improve the detection sensitivity to the
nanoscale. Our work presents a novel impedance cytometry system, called paratlel
impedahce cytometry, for real-time calibration of the impedance signals. Parallel dual
microchannels allow simultaneous: detection of reference and target particles in two,

* separate microchannels, without the pre-mixing of reference and target suspension.
Experiments on antibiotic-treated Escherichia coli cells demonstrated that our system can |

be used for quantitative assessment of the morphology change of individual cells, as well



as for the proportion 6f_ sensitive cells in real time. Additionally, a machine learning-based
‘ iﬁlpedance system' is provided to score the phenotypic response of bacterial single cells
to antibiotic treatment, with a high throughﬁut of more than one thousand cells per min.
As the intelligent impedance system can perform all impedance-based characterization
and recognition of particles in real time, it can free operators from the post-processing
" and data interpretation. |

Last, based on the one of the highest throughput cell sorting technologies (i.e.,

femtosecond laser-based cell sorting), we optimized the sorting control system via a -

FPGA board. With the control system, a femtosecond-laser-assisted multi-selective
system is available, which has the capability to efficiently manipulate the streamline of
individual cells/beads with varying ﬂuqrescence intensities into three different exit ports.
| The experimental results on cells and polystyrene beads also supported that this method
has the- potential' to separate arbitrary subpopulations by altering the number of
femtosecond laser pulses, and also takes the first step tdward developing a single-step

multi-selective system.
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