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Abstract There are two trends in current microbiological research. First, researchers have increasingly
realized that intestinal microbes, especially a large number of anaerobic bacteria, are closely related to
human health with the development of intestinal microbe-related research. Because the intestine itself
belongs to an anaerobic environment to a certain extent, the cell physiology research of intestinal bacteria
needs to be based on the anaerobic culture environment. Second, it is difficult to meet the requirements
of cell heterogeneity only by relying on classical microbial population culture methods. Research on
heterogeneity requires the development of methods to study bacterial physiology at the single-cell level
for in-depth study of the physiological laws that are hidden by cell populations and ignored by researchers.
Here, a method is developed for culturing bacteria under anaerobic conditions, including the design of
related culturing equipment and corresponding experimental procedures. Based on stably maintaining the
strict anaerobic condition of the culture environment, the microfluidic chip is used to long-term single-
cell culture. Combined with high-resolution microscope time-lapse imaging technology, the real-time
observation and data collection of growth dynamics of single bacterial cell can be realized. This method

provides powerful technical support for single-cell analysis of bacterial cells under anaerobic conditions.
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Table 1 Experimental materials for microfluidics

ELis L
REREE ) (PDMS) S Dow Corning /A ]
PDMS [l {k.711) 2[H Dow Corning A

e %E Microchem 2]

TooK L g A AR A TR
BRI KB CHHO GIRAF
FNEE AR IEAL A PR A

T WL AL A AR IR A\
Eoe e = FE Sigma AH
3IMER A REEEIN BRI A IR A ]

®2 EEEFT SRR S

Table 2 Experimental materials for bacterial culture

g EIE S
LB kst Gk % [F ThermoFisher A ]
LB #5783t ([ TR LA IR FRA )

I B Ry TR AR IR A
RDM H7pdt” FHMEEE Sigma AF
BHI };774 %[H ThermoFisher A 7]
BHIS #;7:3% VALEMRE (L) HIRAH
BER R rh E BT R TR A IR A

5 Z[H Life Sciences 2\l

R %[ Life Sciences 7]
=4
= % [E Life Sciences 2]

14 mL 4AEE5;
50 mL B0
i

1.5mL B>

*RDM 15 7= 5 VRN 7 B e il 7 =20 0 Sk [13]
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Table 3 Experimental materials for bacterial culture
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YRR TR B B8k, 3D 4TEL, A &L T iR
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LM TR G AR HE#i, 3D #TE0, PEEK
BRI B TR R S HE8h, FRIML, AaEd

AR FRE 1
AN FRHE 2
AR 3

%[ Cole-Parmer /7]
Z[E Cole-Parmer A 7]
B VICI Jour A ]

F-127 %M Sigma A+
B YE[H Cargille-Sacher Laboratories 7]
oy Ffi: Amcor AT
EaE E F 7 MITSUBISHI GAS CHEMICAL 7]

JREIRES (95% Ny + 5% CO,) TRIINTE 220 TS ARG R A 7

x5 SKIEK

Table 5 Bacterial strains for experiment

2.1.2 LIRS B
ASEIRAE AL S 5 B U1K 4 PR
2.1.3 SEHHE K Gl Eilieis
ARSI AE TR PR AIER 5 BT
x4 UFE5ERE

Table 4 Instruments and equipments
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qgn 1 %ﬁi;;fmw 22.1 BRI E A HIBT
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s DR FUUK P B AL T PDMS 5 265 2 [ 442
[T F2 TOKAIHIT A7 M EAEK TR BRMAZAKEIERN, X
TR T %8 Sheldon Manufacturing 2 U PRI i A K T — S N B R, i T S
Abri I BRUKER 27 FEUE . B RE IR R IE AR R, R BRI 1
RN {8 Eppendorf /A7

Tl FFEEANT A RS R B s, DLKCE TR
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Fig.1 Mother machine as microfludics

2.2.2 TR

(1) B4t i A K T T 1 7 A

a. i 76.2 mm WIKE, FMKSRESEE T4
30 min.

b. MUKFEHECH SU-8 2002 Y%A SU-8
2000.5 YaZI, FrtZIRIRE S = iR — 8, 4%
V(SU-8 2002) : V(SU-8 2000.5) =8 : 2 (f&FALL)
W DI AE 25 O TR AT

c. WEARHIAEF: T 600 r/min, 9s; 2J
JiZ 4 000 r/min, 30 s.

d. ¥R &R B TS RNRE F, 78
WER B INERIR AR 2 mL, B1TFEF .

e W hE B T PRI HHR L 95 'C H 2 min,

£ FEBROGHL R H BRI, K
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T BES, BRI TE AR A L.

g BEHRE R TR A B, FEAHEHEN Gt
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VEMIE, (HFE BB ARSI S5 [ H
SU-8 3025 JuZIK, ®B§.L» 3 000 r/min, HiKE
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(1) [ 5 Tk AR

a. P Py AR P 35 BH JR N E 3R Al ) (270 s
BLEH) . [RIBT 7R B AR DU JE B W E 8 98 i e
#dt, Bk PDMS S J5 78 2 Ak R

b. ¥ PDMS HARFG R FAILL 10 1 BB E L
WA, Bk (S min) #25), AREMET 15 min,
T FH e Bk o 2 v e o R

c. ¥ B35S PDMS 55| R AR AR
i, EEBINGE (a) S HIE LG U A i AR 1)
PO, ABFN K&, 80 C,
Mt 30 min DA F.

R DA 45 FH TG A JR i o ABE AR U 38 B B AR A
wrhiE g, ELEEEIN PDMS F15| & 53E4T PDMS
O AL
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8, AEIERFT LRI —F) .

(5) PDMS s i 5 55 3 42

a. S FNREE e, SRR R AR R
AR 5

b. TR B2 PDMS 5 F &5 Mg T 2K 248 I

c. B A PDMS 5 F &5 My i ) B R
B, —RIHMTEEFEE—H A8 W, JH&
266 Pa, Syt 25 mL/h), 2 min (55857 4b EE S [H]
AL, — AN 2 min)

d. PDMS & K525 S 7E B rgi b (2 3k
O R B RS AT LG R 2 8], 2 A o R IR
U 22 B A5 B 1 Ab 38 S PDMS o0 1 R 25 33 T
PER R 4T

e. Wi 5 1038 N HEFE 80 °C HE 10 min.

(6) I TE &M [ B Ao

a. K C It IERRTE 1Y 1% F-127 /KW, @it
B RBIE N OGNS F (B BBt , 181
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b. 10 fEEHEL 20 58 TR &8 7 diE (R 1R 5e
UF)  FTAL RGO, ToiRfa N PR AR5 .
2.2.4 RIS

(1) dHTE 77 5 AL 21

FEPRAEFE N AT AR 2, Bhik 5 AR
%1 3 mL MRS TR N BT A S R, S
FEATS I SRR 24 10100 #5388 120 mL
BREGFREXNBEE . AEESEELED
Ja, BHEWLL 5000 r/min &0 10 min. 31 E
R, EEJUEFXE L, BLS 000 r/min &0
5 min. % 0.01 g/mL F-127 ) i E S5
i, WREIRA . Ho, MiAaEFREEN LB
(E. coli) F1 BHI 33 fig (B. fragilis) , Wik FE3E )
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Fig.2 Oxygen indicator in anaerobic box after 48 h
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(7 b IRAAFERE 56 A e e DR AU 5 T A IR
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I S8 T YA B TT ABR (At PR SR R B AR IR SR e 2E
£, AT E N I R AR A SO A A S
Pl RA K

4 SRS

27 X 2 1 AR B 2 B B S B 4 i
(MBS P, TR A o A [ 1 8 2

(b) RE, 76
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(d) A, 5t
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Fig.3 E. coli under bright field and corresponding fluorescence photos under anaerobic and aerobic conditions (LUTs ON)
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Fig. 4 The robust growth and division of bacterial cells in microfluidic chips under strictly anaerobic condition
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