Development of on-chip electrical measurement method for single cell

physical properties using femtosecond laser-induced impact force
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Single-cell analysis is crucial in the study of population heterogeneity, the identification of
minorities, and discovering unique characteristics of individual cells. To gain more efficient access to
cell properties through microfluidic devices, in this research, we proposed, designed, and developed
an impedance cytometry system integrated with a femtosecond laser to characterize the physical
properties of single cells. At present stage, we have succeeded in measuring a few characteristics (such
as size, shape, the mass and distribution of intracellular components) of a few types of individual cells.

By further improving the system, more different characteristics of cell could be achieved.
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The entire research could be separated into

different parts due to its basic functions:

1. Label-free shape quantification for single

cells

First of the work, we developed the
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Therefore, we proposed a new metric,

namely tilt index to quantify the shape of S“C =\ B
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Based on the previous work, we did ) ] o
) . Fig. 1: Microscopic impedance cytometry for
further research into the high-frequency o .
) . quantifying single-cell shape research
detection of impedance cytometry. And we

found that the high-frequency impedance



detection could be used to analyze the intracellular
distribution. Besides, we proposed that the low-
frequency impedance detection can be employed to
characterize the cell volume and shape (e.g., 0.5 MHz
in this work)., and high-frequency detection can be
used for interior characterization and quantification.
Intracellular uneven distribution is related to the tilting

level of high-frequency impedance pulses (e.g., 6 MHz

in this work). This work has been selected as the back
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cover of the Lab on a Chip, as shown in Fig. 2.
As the high-frequency current can cross the cell

membrane, we also reported that the electric opacity is

positively associated with the intracellular density. The

loss of intracellular components is induced using

certain methods. Electrical opacity decreases as . _
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intracellular density decreases.

3. Femtosecond laser-based single cell manuscript Fig2: Cover page of Lab on a Chip

Aimed at the control of the femtosecond laser
pulses, we developed a control system based on a FPGA board (ALINX, AXU9EG), as shown in Fig.
3. Through the developed system, we can determine the number of femtosecond laser pulses based on
the amplitude of trigger system. This system can be integrated with several types of detection system
for the single cell manipulation in the microchannel, like the forementioned impedance detection
system or the fluorescence Oscilloscope
detection system. With the Intensity | K
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Fig3: FPGA-based control system for femtosecond laser pulses
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