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Fig. 1 Flow chart of electrode preparation process
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Fig. 2 System diagram of integrated Pt micro—electrode
with a microfluidic chip
(a) The image of the microchip integrated with Pt thermo-sensor. The
size of the microchip was 2x2 c¢cm. (b) The biochip consisted of a glass
substrate, patterned electrodes and PDMS layer. (c) SEM image of the
C-shaped dam in the channel. (d) The image of the microchip mounted
with the PCB board.
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Fig.3 Schematic and physical image of the c—type
""micro—dam'' detection structure
(a) The height of the "micro-slit" between the c-type "micro-dam"
structure and the glass substrate was 5 um. (b) the channel height of the
PDMS microchip was 35 um, the height of "micro -dam" structure was

30 pm.

22 Wi

HRAE P Ak 1) Y B - FEL BH 22 1] R 47 0 e M R
HATRCHE (R 1) B0 R TR IR I 80 H40.015°C
iy eI AR R, R KR AR YRR B R 20°C
25°C, 30°C, 35°C. 40°C, FANREE (R E i Wi
10 min, 38 5= H A2 TV il %) 1 R 370 325 A5 1 8
R (%) R L R A g i I /K A L R 45 1 i B
B TR IR - B I 2 MR R L 3R 1 AN JRE
BE ) Ti/PLER MR A S50, RRYIKT0.999, AIHT
VT 240 3 ) B

Table 1 Linear fitting parameters of Ti/Pt temperature
sensors with different thicknesses
Parameter Intercept Slope Pearson’s r Adj.
Number R-Square
1 657.101 62 1.38155 0.999 93 0.999 83
2 698.790 99 1.505 84 0.999 76 0.999 41
3 713.22266  1.54223 0.999 95 0.999 87
4 876.593 00  1.848 93 0.999 97 0.999 93
5 2088.011 13  4.05046 0.999 92 0.999 80
6 2097.08584  4.072 38 0.999 74 0.999 32
7 2 184.25538  4.089 34 0.999 94 0.999 85
8 2 185.698 13 4.240 07 0.999 99 0.999 96
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Fig. 4 Test of accuracy and precision of temperature
sensor
In a 37°C constant temperature water bath, the maximum, minimum
and average temperature fluctuations were 37.013°C, 36.987°C and
37.001°C in sequence. It can be seen that the accuracy of the
microfluidic chip was better than 0.013°C and the precision was +
0.014°C.
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Fig.5 Temperature sensor response speed and recovery
speed test
Section AB and EF meant that the chip was placed in a mixture of ice
and water at 0°C, and the CD section was that the chip was placed in a
constant temperature water bath at 37°C. BC meant the response time
of the chip from 0°C to 37°C was 0.125 s. The DE segment indicated
that the chip's recovery time from 37°C to 0°C was 0.134 s.
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Fig. 6 Cell capture ability of microfluidic chip
The H1975 cells stained by DAPI were injected into the microfluidic
chip by a pipette through the injection port. Through observation under
a fluorescence microscope, the microfluidic chip can capture cells

smoothly.
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Fig. 7 Comparison of temperature fluctuation with or
without H1975 cells growth in 37°C constant temperature
water bath
The chip with H1975 cells attached to the wall and the chip without
cells were placed in the same position in the constant temperature
water tank. The same electrochemical workstation was used to measure

at the same time.
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Fig. 8 Comparison of temperature fluctuation with or
without HSCs growth in 37°C constant temperature water
bath
The chip with HSCs attached to the wall and the chip without cells
were placed in the same position in the constant temperature water
tank. The same electrochemical workstation was used to measure at the

same time.
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Fig. 9 Comparison of the temperature fluctuation during
the metabolism of H1975 cells and HSCs in a constant
temperature environment of 37°C
The average temperature of H1975 cells is 0.012°C higher than that of

HSCs.
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Monitoring Cell Temperature Fluctuation in Microenvironment Chip With a
High—precision Microchip®

ZHAO Xue-Fei”, GAO Wan-Lei"”™, YIN Jia-Wen", GUAN Yi-Hua", JIN Qing-Hui"?"

(VFaculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China;
IState Key Laboratories of Transducer Technology, Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences,
Shanghai 200050, China)

Abstract Temperature is an important parameter in organisms. Accurate measurement of cellular temperature
fluctuations in the metabolic process can provide valuable information for more in-depth exploration of the
energy production and diffusion process of cells, thereby promoting the research of cancer and other diseases. In
this study, integrated microchips were fabricated in batch based on Micro-Electro-Mechanical System and
microfluidic technology, which can monitor temperature fluctuations in a microenvironment during the process of
cell metabolism. The microchip is composed of a C-shaped “micro-dam” structure, a “micro-slit” for liquid flow,
and an electrode structure, which can complete cell culture and temperature monitoring on a microchip. The
microchip with adherent cells was placed in a constant temperature environment of 37°C, and the constant current
method was used to continuously real-time monitor the temperature changes of the cells in the metabolic process.
The chip has a total of 9 detection units, each of which was completely independent and applied for detecting
multiple cells’ temperature fluctuation parallelly. The accuracy and precision of the microchip were respectively
better than 0.013°C and +£0.014°C with 0.1 s response speed. The linear fitting parameter R* between temperature
and resistance of Ti/Pt temperature sensors of different thicknesses was greater than 0.999. Different cells trapped
by this microchip were cultured on chip and monitored under a constant temperature environment of (37+
0.015)°C. The temperature fluctuation range of human lung adenocarcinoma cell (H1975) (0.173°C) during
metabolism was greater than that of hepatic stellate cell (HSC) (0.127°C). The average temperature of cancer cells
H1975 (37.001°C) is higher than that of normal HSCs (36.989°C). In conclusion, this integrated microchip

provides a tool of real-time monitoring cell temperature variation for the study of cell physiology and pathology.
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