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Figure 1 (Color online) (a) Schematic diagram showing the fabrication of a Pt-coated nanopipette electrode via magnetron sputtering and scanning
electron microscope (SEM) image [41]. Scale bar=200 nm. (b) Schematic illustration of dual-functional nanoelectrode with regionally deposited Pt and
Ni layers on the outer wall, and helium ion microscopy characterization image [43]. Scale bar=400 nm. (c¢) Schematic illustration of the fabrication
procedure for dual-circuit nanopipette electrode integrated with two independent sensors, along with an SEM image [68]. Scale bar=200 nm.
(d) Schematic diagram showing the fabrication process of a §-nanopipette integrated with a Ca”" sensor and a ROS sensor, transmission electron
microscope (TEM) image, and bright-field image [35].
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Figure 2 (Color online) (a) Schematic diagram showing the fabrication of the conical carbon fiber nanoelectrode [92]. (b) SEM image of the tip of a
conical carbon fiber nanoelectrode [94]. Scale bar=1 um. (c) Schematic illustration of the Pt nanoelectrode prepared by the laser-assisted pulling

method [101]. (d) TEM image of a single Au nanowire electrode [104].
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Figure 3 (Color online) (a) Schematic of the fabrication of platinized SiC@C nanowire electrode and SEM image [105]. Scale bar=1 pm. Inset
(bottom: 500 nm; top: 500 nm). (b) Schematic description of the fabrication of SiC@C nanowire co-modified with Pt nanoparticles and glutamate
oxidase, and corresponding SEM image [111]. Scale bar=1 pm for the main image; scale bar=200 nm for the magnified inset.
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Figure 4 (Color online) (a) Schematic illustration of electrochemical quantification of electroactive neurotransmitters within individual vesicles
using a conical carbon fiber nanoelectrode [92]. (b) Schematic illustration for quantifying intravesicular catecholamine content and extracellular
catecholamine release using a nano-tip electrode and a disk electrode [124]. (c¢) Schematic illustration of the simultaneous detection of vesicular content
and exocytotic release via a two-electrode system [127]. (d) Schematic illustration of intravesicular glutamate monitoring based on enzyme-modified
SiC nanowire electrodes [111].
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Figure 5 (Color online) Schematic illustration of single vesicle sampling and simultaneous qualitative and quantitative analysis of intravesicular

ROS/RNS based on platinized carbon nanopipette electrode [50].
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Figure 6 (Color online) (a) Schematic showing a nanowire electrode for detecting ROS released from mitochondria [106]. (b) Schematic diagram of
an asymmetric nanopore electrode for intracellular detection of mitochondrial NADH release [39]. (¢) Schematic diagram of a nanowire electrode for

monitoring NADH released from mitochondria [134].
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Figure 7 (Color online) (a) Schematic illustration of biomolecular analysis in subcellular compartments of living cells based on a liquid-phase
modified platinized carbon nanocavity electrode [62]. (b) Schematic diagram of a photoelectrochemical nanoreactor for the detection of intracellular
microRNA and the corresponding microscopic image [135]. (¢) Schematic illustration of nucleic acid-modified nanoelectrodes for monitoring Cyt C in
subcellular compartments [138].
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Figure 8 (Color online) (a) Schematic illustration of single lysosome extraction and quantitative analysis of intralysosomal glucosidase activity using
platinized carbon nanocavity electrodes [40]. (b) Schematic illustration of a self-referenced nanoelectrode for the analysis of a nucleus in a single living
cell [140]. (c) Schematic illustration of ROS/RNS production rate detection inside a single phagolysosome with platinized carbon nanoelectrodes

[141].
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Figure 9 (Color online) (a) Schematic diagram of capture and dynamic detection of ROS released from a single mitochondrion via click reaction

[63]. (b) Schematic diagram of simultaneous analysis of Ca”" and ROS released from a single mitochondrion with a 6-type nanopipette electrode [35].
(c) Schematic illustration of a dual-circuit nanopipette for simultaneous analysis of ROS release from a single mitochondrion and the adjacent cytosol [68].
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Subcellular analysis based on nanoelectrode electrochemical methods
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China
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Abstract: Subcellular compartments in living cells are the core units responsible for the execution of cellular functions,
and their heterogeneity as well as dynamic variations are closely associated with physiological and pathological
processes. Nanoelectrode-based electroanalytical techniques, which take advantage of high spatiotemporal resolution,
excellent sensitivity, and dimensional compatibility with subcellular compartments, have emerged as one of the most
important tools for in situ detection at the subcellular level. This review systematically summarizes recent advances in
the application of nanoelectrode-based electrochemical analysis for subcellular analysis in living cells: first, it elaborates
the controllable fabrication and surface functionalization strategies of nanopipette-based nanoelectrode, as well as solid-
state nanoelectrode based on platinum, gold, carbon fibers, and other materials; subsequently, it discusses their
applications in electrochemical detection of individual vesicles, analysis of the organelle-adjacent microdomain, and
in situ real-time quantitative monitoring of single organelles; finally, the existing challenges and future development
directions in this field are discussed.
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