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Abstract: In recent years, nanoscale detection has played an increasingly important role in the
research on viruses, exosomes, small bacteria, and organelles. The small size and complex
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biological natures of these particles, with the smallest known virus particle measuring only 17
nm in diameter and exosomes ranging from 30 nm to 150 nm in size, pose challenges to the
classical large-scale (typically micron-scale) characterization methods, which has become a
major obstacle in the research. The emergence of nanoscale detection and analysis technologies
has filled the gap of optical microscopy, a conventional technique in this field. These
technologies enable the sensitive and robust detection of objects that exceed the lower limit of
optical detection, revealing the molecular composition and biological roles simultaneously.
Currently, several commercialized instruments based on nanotechnology have emerged,
providing complete single-particle detection solutions and achieving unique functionality based
on their respective technological advantages. However, it is inevitable that these technologies
have limitations in terms of application and detection capabilities, as they continue to evolve.
This paper offers a thorough overview of the principles, advantages, limitations, and future
development trends of several mainstream commercial instruments, aiming to serve researchers
in selecting and utilizing these technologies.

Keywords: biological nanoparticles; optical detection; viruses; extracellular vesicles; biomarker
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Figure 1  Basic detection mode of nano-flow
cytometry.
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18] 45 B TR 3L 4% (single particle-surface plasmon
resonance, SP-SPR)*! | BA4—F7E (i i il (single
molecule localization microscopy, SMLM)*! | 4>}
S5 G i (total internal reflection fluorescence,
TIRF)) | FRMEHRAH 2 BUREH AR (surface-
enhanced Raman scattering, SERS) "4 | ix #ugf
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Table 1 Performance and application of various single nanoparticle detection technologies

Technical Size range Sensitivity = Sample Detection Labeling  Operability Representative  Literatures
names requirements duration capability products or websites
nFCM >40 nm +++ High <30 min +++ ++ Nanofcm@Flow [22]
NanoAnalyzer
DLS 1-50 um  + High <30 min + ++ Malvern@Zetasi [24]
zer Nano
NTA 0.01— +++ High <20 min +++ +++ Particle [28]
20.00 um Metrix@ZetaVie
w
SP-IRIS 50200 nm +++ Low >1d +++ ++ NanoView@Exo [31]
View
TRPS 40 nm— ++ High >1.5h - ++ Izon@Exoid [39]
11 pm
EM >0.1 nm + High >4 h +/— + - [36]
AFM >1 nm + High >2h - + - [38]

Most technologies themselves do not inherently have the capability to detect biomarkers. The assessment of biomarker detection
capability in the table is based on the analysis of their representative products, indicating the compatibility of these technologies
with fluorescent labeling systems. In this table, “+++” stands for excellent performance, “++” stands for good performance, “+”
stands for moderate performance, and “—” indicates lack of corresponding performance or inapplicability.
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