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Research and application progress of microdroplets high throughput

screening methods
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(State Key Laboratory of Microbial Metabolism, School of Life Science and Technology, Shanghai Jiaotong University, Shanghai
200240, China)

Abstract: High throughput analysis and sorting of biological functions at the single-cell level is an important
technology for optimizing the performance key genes, elements, pathways, and cell factories. The screening method
based on microdroplet has been widely applied in various fields such as biology, medicine, food, and industry due to its
advantages of low cost and ultra-high throughput. Traditional droplet sorting includes droplet generation, incubation,
operation, and sorting. For the first three steps, there have been many technological advances in the last decade. The
major limitation is in the sorting step, whose frequency and diversity restrict the sorting efficiency and target scope.
According to the different principles of detection signals, droplet sorting technology is mainly divided into labeled and

unlabeled sorting method. This article mainly reviews the progress of microdroplet screening equipment based on
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mainstream fluorescence-activated droplet sorting (FADS) to detect fluorescence signals, absorbance-activated droplet
sorting (AADS) to detect UV/visible light absorption changes, and unlabeled droplet sorting, such as mass
spectrometry, Raman spectrometry, nuclear magnetic resonance, electrochemistry, and image recognition. This article
summarized the successful cases of microdroplet screening equipment applied in the fields of enzyme evolution and
microbial breeding in the past 5 years. In addition, we also discussed the advantages and challenges faced by different
microdroplet screening devices, and pointed out that the development of various new fluorescent probes and the further
development of unlabeled detection methods such as mass spectrometry in the future will be the main development
direction of microdroplet screening equipment. Although FADS remains the primary choice for cell sorting, the
development of other microfluidic sorting devices has further expanded the application range of microfluidic sorting
devices. Its high screening throughput and independent reaction environment provide a new technological platform for
research in different fields, including protein engineering, antibody screening, sorting of different types of cells, and
clinical directions.
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Fig. 1 The scheme of traditional microdroplets sorting devices
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Fig.2 The principle of labeled droplet sorting technology

FADS—Fluorescence activated droplet sorting technology; AADS—Absorbance activated droplet separation technology; S—Substrate; P—Product;

E: Enzyme molecules; Ex—Emission spectrum; Em—Absorption spectrum
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Table 2 Cases of successful application of microfluidic sorting devices in the past five years
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2019 FADS 2R 3 HH 7= SR T 46% [ e 2T 4 2% i 1 [81]
2020 FADS LB K, B AR R 2.1 4% [82]
2020 AADS Jiz s HALR P 3.3 4% [83]
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(Single cells are encapsulated into microdroplets with assay reagents, collected and incubated offline, and the fluorescence of each droplet is

subsequently measured to indicate amplification of target RNAs)
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