SHEMUZSHS|X| X 40 X 6= pp. 449-456 June 2023 /449
J. Korean Soc. Precis. Eng., Vol. 40, No. 6, pp. 449-456 http://doi.org/10.7736/JKSPE.023.006
ISSN 1225-9071 (Print) / 2287-8769 (Online)

’i) Check for updates
DIMIFHIEX| LH 2fEl2|of M= S-S st XMH|E
HH 71 JHE

Development of a Controllable Thermo-hygrostat Incubator for Bacterial
Cell Culture on a Microfluidic Device
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Advances in cell culture technology have improved the understanding of the physiological principles of cells. Recently, the
development of microfluidic chips has made it possible to observe single cells in a massively parallelized and accurate
manner. However, in order to maximize the availability of the microfluidic cell chip, it is essential to use an incubator that
can isolate the cell culture chip from the outside while minimizing contamination and maintaining the temperature and
humidity required for cell culture for a long time period. Here, we developed a thermo-hygrostat incubator consisting of an
Arduino-based feedback control module for controlling a temperature and humidity complex sensor, a humidifier, and a
heater. The temperature and humidity of the incubator could be actively changed according to the needs and application by
simple editing control variables of Arduino coding. To demonstrate the efficiency of the device, we conducted an experiment
comparing the growth of bacterial cells and obtained optimal conditions necessary for culture. In conclusion, it is expected
that the newly developed thermo-hygrostat incubator can be used for a variety of purposes that require active control of
temperature and humidity, as well as for long-term cultivation of bacterial cells inside a microfluidic chip.
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Fig. 1 (a) Evaporation inside the PDMS; (b) Incubator that
maintains humidity to minimize evaporation
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Table 1 Part specification

Part Voltage DC current Size
[V] per /O pin [mA] [mm]
Arduino Uno 7-12 40 68 x 53
Relay module 5 5 43 x 17 x 18
DHT?22 sensor 3.3-55 40 42 x 15 x 10
Heat pad 5 750 50 x 100

Relay module

(o)
‘ s s s Heat pad
EI
Arduino UNO ll

s+l DHTZ2 3)

-+ 44

+++| Sensor
Humidifier

« o—| o

DC 12V

Fig. 2 Electrical schematic of thermo-hygrostat incubator
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Fig. 3 Temperature control. (a) Time to reach set temperature; (b)
Maintaining and changing the temperature inside the
incubator

3e°cr WAL o
k31,

Fig. 3@ Hl97] Wit 250] A7) U2 Wss ol
8 AL 30°C, WA AL 36°C, Theba) AL 42°Ce] B
2he Lrehi, Sl gh2 ofFolio] Qlelgt - Hjeb] o)

RS 24t YUY BEPA AR OE A5tel BE
ST 4% Qlo] EFIE A BRI 4 Atk obFolin
Wik Uie) SE BRI RNE SEE Aol 4%
ewo} uwstn, L= Aol7h WS WATo] 2% w &
g Aol wep] Wio) LES AFow AT Eet
2= Aol A5 BIsk] S8l Y LEE WA Azt
U2 2% WEkE SRArkFig 30)). o8 B, 4Y ewE
Y AWOR Hjer] Ui LES £1C 03} W) tolA
FA ¢ oSS AT ol 712 PulET i e

] e 2u) ©A1E AT QA Alxfel AL
HA 8 4 ol ARE AMgska R 2o
TS uf o] HEe goke 4 girka A%
. Hi 7] delq B Lwet HF L= 5
s fAIsm, 712 e met Jao] dob L& B=o] wh
ethe S 13 4 gk olof wet & AN AR

473 eEAHE S5 f4 5L Bl

of

r4_



452 / June 2023

sEEUZEX| M40H M6E

100
90
S
£
=
=
El
=
0 1(|)0 2(')0 3(|)0 400
Time [sec]
(a)
100
s
2
=
£
=
=
40
0 100 200 300 400
Time [sec]
(b)
100

Humidity [%]

50

40

0 160 260 360 400
Time [sec]
()
Fig. 4 Humidity control Maintaining the humidity inside the
incubator: (a) 40% humidity; (b) 60% humidity; (c) 80%
humidity
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Fig. 5 E. coli culture on agar plate. (a) E. coli culture process; (b) E.

coli culture by temperature; (c) E. coli growth curve by
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