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Figure 1 (Color online) The application of probe sucking techniques in single-cell metabolomics. (a) Live single-cell video-mass spectrometry.
Reproduced with permission from Ref. [3]. Copyright 2008, Wiley. (b) Study of neurons using patch clamp and capillary electrophoresis—mass
spectrometry (CE-MS). Reproduced with permission from Ref. [5]. Copyright 2014, American Chemical Society. (¢) Study of neurons using patch
clamp and induced nanoESI. Reproduced with permission from Ref. [14]. Copyright 2017, National Academy of Sciences.
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Figure 2 (Color online) The application of probe extraction techniques in single-cell metabolomics. (a, b) Dual-channel probe technology and its
application. (a) Reproduced with permission from Ref. [6]. Copyright 2014, American Chemical Society; (b) Reproduced with permission from Ref.
[16]. Copyright 2015, American Chemical Society. (c, d) Single probe technology and its application. (c) Reproduced with permission from Ref. [7].
Copyright 2016, Springer Nature; (d) Reproduced with permission from Ref. [17]. Copyright 2018, American Chemical Society.
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Figure 3 (Color online) The application of microarray techniques in single-cell metabolomics. (a) Piezoelectric droplet dispensing system for
microarray fabrication. Reproduced with permission from Ref. [8]. Copyright 2008, Wiley. (b) Centrifugation-assisted cell capture for microarray
fabrication. Reproduced with permission from Ref. [20]. Copyright 2016, American Chemical Society.
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Figure 4 (Color online) The application of label-free mass cytometry in single-cell metabolomics. (a, b) Label-free mass cytometry based on the ESI
ion source, (a) Reproduced with permission from Ref. [9]. Copyright 2019, American Chemical Society; (b) Reproduced with permission from Ref.
[24]. Copyright 2024, Royal Society of Chemistry. (c) Label-free mass cytometry for simultaneous measurement of proteins and metabolites.
Reproduced with permission from Ref. [25]. Copyright 2021, Wiley. (d) Label-free mass cytometry based on the DBDI ion source. Reproduced with

permission from Ref. [26]. Copyright 2021, Wiley.
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Figure S (Color online) The application of MALDI-MS in single-cell metabolomics. (a) Coupling of MALDI-MS with ICC. Reproduced with
permission from Ref. [29]. Copyright 2019, Wiley. (b) Coupling of MALDI-MS with isotope tracing (scale bar: 500 um). Reproduced with permission
from Ref. [30]. Copyright 2022, Nature Publishing Group. (c) SpaceM achieves single-cell assignment of metabolites. Reproduced with permission

from Ref. [10]. Copyright 2021, Nature Publishing Group.
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Figure 6 (Color online) The application of SIMS in single-cell metabolomics. (a, b) 3D OrbiSIMS technique. Reproduced with permission from Ref.
[32]. Copyright 2017, Nature Publishing Group. (¢) SEAM technique (scale bar: 100 pm). Reproduced with permission from Ref. [11]. Copyright

2021, Nature Publishing Group.
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Figure 7 (Color online) The application of ESI-based imaging technology in single-cell metabolomics. (a) The basic principle of nano-DESI.
Reproduced with permission from Ref. [34]. Copyright 2012, American Chemical Society. (b) The application of nano-DESI on single cells.
Reproduced with permission from Ref. [35]. Copyright 2017, Royal Society of Chemistry. (c¢) The basic principle of LAESI. Reproduced with
permission from Ref. [36]. Copyright 2007, American Chemical Society. (d) The application of LAESI on single cells. Reproduced with permission

from Ref. [37]. Copyright 2015, American Chemical Society.
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Abstract: Single-cell metabolomics can investigate cellular heterogeneity, playing a pivotal role in understanding how
organisms alter their states in response to environmental changes. Mass spectrometry, with its advantages of high
sensitivity and high throughput, has been extensively utilized in the context of single-cell metabolomics. Researchers
have distinct requirements for mass spectrometry in terms of metabolite coverage, analytical throughput, and spatial
information of metabolites, depending on the questions related to life science they aim to address. This paper starts from
these three demands, reviews the development and application of mass spectrometry technology in the field of single-
cell metabolomics in recent years, and offers our prospective of this field.
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