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Abstract: Since microdroplets are able to be generated rapidly in large amount and each droplet can be well controlled as an
independent micro-cultivator, droplet microfluidic technology can be potentially used in the culture of microorganisms, and
provide the microbial culture with high throughput manner. But its application mostly stays in the laboratory-level building
and using for scientific research, and the wide use of droplet microfluidics in microbial technology has been limited by the key
problems that the operation for microdroplets needs high technical requirements with wide affecting factors and the difficulties
in integration of automatic microdroplet instrumentation. In this study, by realizing and integrating the complicated operations
of droplet generation, cultivation, detection, splitting, fusion and sorting, we design a miniaturized, fully automated and
high-throughput microbial microdroplet culture system (MMC). The MMC can be widely used in microbial growth curve test,
laboratory adaptive evolution, single factor and multi-level analysis of microbial culture, metabolite detection and so on, and
provide a powerful instrument platform for customized microbial evolution and screening aiming at efficient strain

engineering.

Keywords: droplet microfluidic, microbial culture, high-throughput, droplet, microbialevolution, screening
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Fig. 3 Schematic diagram of sample injection system.
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Fig. 11 Photo of microfluidic chip system. (A) MMC
microfluidic chip. (B) MMC culture tube.
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Fig. 12 Photo of MMC. (A) The exterior of MMC. (B)
Internal image of temperature control space in MMC.

3.6 MMC AT S 9157 1N

TEATR H FrBFH ) MMC 245 |, A58 50
ST T KIGFFE AR R e e | 38 kA
SRS . LR R 2 KPS DL AR A K TR
IS5 . FEikSesc ¥R 337 20 B0
KIGFFEAE R RT3, DL 5% A 2 ERE
W, BB OD KN KA 600 nm. £ SEIRARIE A
[) 5 oK 1 B[] P i A gk, R S T i
H, BB Mot i i tkia 1y, R
THRHEAER R, &S mEE T .
3.6.1 K& E

A K 2 A S B0 R AT S A W A ORI Y
FEARSLS R EWIRLE NG, B R
KM thae, WERFHEE R 20, fiili<iz
177, 28 h Ja F R R SR B I A T A 3 . AR
FEXT 20 AN ) A KR A T B AbR ofE 2
AT, el R B R A K IR 4R, 25 SR Rl 13A
FiRs : KRR STE, H 20 M K —2okE
RIF, #WIHZE OD HAE 7 REUNT 5%, 7
VA T A R AR P R R ARSI 4 RE
3.6.2 IR B

TETERUE W 0 e AR g b, T 2



WEA ZEEEEDUH MRS ISR SRR A REESL

TEXT A A TR AR AR R R b, S £ v T
TR F IR . ASLgeh, DAL A i A7
T, BEHC MMC AR FR A Hedd i e kA e
BCE WL 30, FALAC 3 IR, AL EH (NaCl)
W AR S BB KO, R Ik, BRAR
A EAL S FR 45 AN E 13B it &b B Rk
e I AR BUE DR B —AUAE R 2k, g
25 WA R AE 2 B (8] s b AT T A W v A AR A
YE, OD (HEBR T M, L0 g WA NS % 77
R B VR R 7R G I R VR B, LB VR BB /)N
F KA M 11 g/L. 115 g/L, 12 g/L. 12.5 g/L,
TSR BERRE T 64T 3 WOR WA 8 1) i S AL R b
F& (3L 20 h), SRIFEETHEN T R AR RS Ak S L
UM ZYIT FRILHEAT 80 h, Bl ERMK A
BT, KA A KR A OD e K%
W R, AR AR B A HUE YRR AR K
It HBEE ST, W%E OD i L Bl 22 5%
A o S R T AR B T N R ) S AR

A
3 s
- /J/‘—‘*H *\LWM
Q 2
Q
1
0 4 8 12 16 20 24 28
Time (h)
¢ 3
Fi8y38888uae, =0 pg/mL
rr 944 4444¢ Hg
5 il i ey . 83 ue/ml.
= =',! v ...000000.00:0,:‘:::" ~ 167 Hg/mL
I :”"v". 000 . ** 264 ng/mL
SERI Y Attt T et 347 ng/mL
"v.".q : <444 ug/mL

1T gy bbb R PR ERRRERRERRRRRERLE 598 ) 0/m],
() (50000000 ,0000,%000000000%0% 0000008000 _, QQ() pg/mL
0 5 10 15 20 25 30
Time (h)

I HES, RI7ER MRS B, S
PR v I 2P DR KO-, LA AR R TR R T 221
H1 T MMC PR SR 00 2 pL, RITHFE
D TTHERE AT DA— WM 12 mL AORE S
PR B R LR VERE RS K 23K 150 IR IESifE
Re¥EF, B, WE 13B s, MMC H a4~
VR AR ST HEAL R SR EROT, MMC Y AE S Al
TRE T AR A 9 1 A 8% 35 el R 000 2 5
48 & MMC (R0 R 8 7= P0G o) /g K e
SEZ M FA T, RENS X T ik A AR A T
RGEABI W o
3.6.3 HERERZKFELE

B 2R 2 KOV S R AR R A P L g
FA LA 22 FoA b 27 1 5 ol 2k 4 A RO AS 1 52
Wi, AR SEEG DL R IR R AR R AE ML 2E R T,
WFoE H KA A K g m . FEq BHLE,
B AR Z ZKFIhRe”, WESHE . B
FEAEL 8, BABREEATIRIT QR £ 104>, Ja

12.5
120 5,
1150
z
11.0
0 10 20 30 40 50 60 70 80
Time (h)
D
3 OD(M» T~ 5 000
W 4000 8
_2 =& TIT I £
g A 3000 3
3 / 2000 &
! =
Fluorescence 1 000 =
0

0 2 4 6 8 10
Time (h)

13 MMC ZRBHEEFTHOEA A: EKIMENE; B: USHURNAEUENNEREREEN; C: B
MBEFBERINABFAEKNEERRZKEZMMELE; D: MMC FEKKEEN (GFP 2JEM))

Fig. 13 Use of MMC in E. coli culture. (A) Growth curve test. (B) Adaptive laboratory evolution experiment using
NaCl as the selective pressure. (C) Single-factor experiment for bacterial growth with addition of kanamycin
monosulfate at different concentrations. (D) Online monitoring of bacterial metabolism in terms of GFP fluorescence

during the cell growth in MMC.
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