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Abstract: Microbial strains are perquisites for biomanufacting through microbial culture and fermentation. However,
most strains usually need to be engineered to improve their performances for industrial applications. Therefore how to
efficiently screen and isolate robust strains is a critical step of strain engineering. As an advanced high-throughput
screening technology, droplet-based microfluidics developed with micro-chips can generate highly independent and
uniform micro- or nano-liter droplets, in which single cells can be encapsulated, inoculated, detected, and analyzed for

strain engineering. It is especially useful in the evolution of microbial strains for producing extracellular products. In
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this review, we first introduce the basic components of the droplet-based microfluidic system and the main steps
involved in the strain screening. We then summarize key factors for the application of the droplet-based microfluidic
technology in strain engineering, such as the signal sources of droplet detection, the difficulties of handling droplet
screening, and the scopes of droplet sorting instruments. Based on the instruments used for the droplet sorting, we
group the application cases into two types either via fluorescence-activated droplet sorting (FADS) using microfluidic
equipment or via fluorescence-activated cell sorting (FACS) using flow cytometry instrument. While FADS using
single-layer water-in-oil droplet can be further classified into cellular signature, fluorescent reporter protein, and
substrate-based reaction according to the signal sources, FACS can be divided into double-layers water-in-oil-in-water
(W/O/W) droplet or microgel droplet according to the droplet property. Finally, we outline challenges and prospects for
the droplet microfluidic technology, and provide some guidelines for its applications in synthetic biology. Compared
with traditional screening methods such as shaking flask or microplate with a throughput of hundreds to thousands of
samples per day in milli- or micro-liter volume, the droplet-based microfluidic technology can achieve millions of
samples per day in pico- or nano-liter volume, resulting in an increase of thousand-folds in screening speed and cost-
saving for million-folds. By integrating with an automated station, the droplet-based microfluidic technology can be

further improved for its screening efficiencies and application potentials in microbial synthetic biology.
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AN, A2 1.5 b AT RLSE R E T S 4 R A I 7
e B %oy AR AE B ROK B 7= 28 4 R = 7 B A
(it A4S BN, AT 5 I R AR TRk U i
RAFL 2 Z W = AR 5 46% [ RAD R 1

2 i R B, B o) £ Y 1 T =X T B
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Table 1 Droplet-based screening systems and applications of FADS
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Fig. 6 Schematic diagram for modules of detection and sorting of industrial strains using FACS
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Table 2 Droplet-based screening systems and applications of FACS
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Fig. 7 Correlation for screening methods with throughput or application

AADS—Absorbance-Activated Droplet Sorting; FACS—Fluorescence-Activated Cell Sorting; FADS—Fluorescence-Activated Droplet Sorting;
IADS—Image-Activated Droplet Sorting; MADS—Mass-Activated Droplet Sorting; RADS—Raman-Activated Droplet Sorting
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