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Abstract: As an important category of extracellular vesicles, exosomes have extended their research
scope from mammalian cells to the fields of plants and microorganisms, emerging as a novel focus for
cross-species information communication and biomedical research and applications. However, the
fundamental physical properties of exosomes from different biological sources, especially the hetero-
geneity in morphology and size, have not yet been systematically compared. In this study, transmis-
sion electron microscopy (TEM) and scanning electron microscopy (SEM) were employed to conduct
multi-dimensional morphological characterization of nine types of exosomes derived from three distinct
biological sources: cell sources (human bladder cancer cell lines EJ and 5637, human umbilical
cord mesenchymal stem cells h\UC-MSC); plant sources(Camptotheca acuminata, Artemisia annua,
Polygonatum odoratum ) ; microbial sources(Escherichia coli ATCC 25922, DH5a, Clostridium dif-
ficile). TEM imaging and particle size statistical analysis revealed significant differences in morpholo-
gy, average particle size, and distribution uniformity among the particles from different sources.
SEM results further verified their three-dimensional morphological characteristics. This study estab-
lishes a morphological benchmark for the characterization of cross-species exosomes, and provides
key physical parameters for understanding the similarities and differences in their biogenesis mecha-
nisms and supporting their subsequent functional applications.

Key words: exosomes; transmission electron microscopy; morphological characterization; parti-
cle size analysis; multi-source comparison
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Fig. 1  The process of preparing TEM copper mesh samples
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Fig. 2 TEM morphology and particle size distribution of cell-derived exosomes(n=100)

A, B: TEM images of EJ cell-derived exosomes; C: histogram of particle size distribution of EJ cell-derived exosomes; D, E: TEM images of
5637 cell-derived exosomes; F: histogram of particle size distribution of 5637 cell-derived exosomes; G, H: TEM images of hUC-MSC cell-
derived exosomes; 1: histogram of particle size distribution of hUC-MSC cell-derived exosomes(A. B: EJ AN AR TEM 1% ; C: EJ4NNY
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Fig. 3 TEM morphology and particle size distribution of plant-derived exosomes(n=100)

A, B: TEM images of Camptotheca acuminata-derived exosomes; C: histogram of particle size distribution of Camptotheca acuminata-derived
exosomes; D, E: TEM images of Artemisia annua-derived exosomes; F: histogram of particle size distribution of Artemisia annua-derived exo-
somes; G, H: TEM images of Polygonatum odoratum-derived exosomes; I: histogram of particle size distribution of Polygonatum odoratum-
derived exosomes(A ., B: ZRAMBMMATEM &% ; C. ZWAIMMERIAE A ETIE; D, E: HE/MMETEM B ; F. &5 0MN3MARIZE
SATEITE G, H: SREAMBATEM 1% 1. SORANBRRIAR M i BT D
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Fig. 4 TEM morphology and particle size distribution of bacterium-derived exosomes(n=100)

A, B: TEM images of Escherichia coli ATCC 25922-derived exosomes; C: histogram of particle size distribution of ATCC 25922-derived exo-
somes; D, E: TEM images of Escherichia coli DHSa-derived exosomes; F: histogram of particle size distribution of DH5a-derived exosomes;
G, H: TEM images of Clostridium difficile-derived exosomes; I: histogram of the size distribution of Clostridium difficile-derived exosomes(A |
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Fig. 5 Supplementary SEM morphological observation of multi-source exosomes

A: Artemisia annua-derived exosomes; B: Escherichia coli ATCC 25922-derived exosomes; C: EJ cell-derived exosomes; scale bar=100 nm

for all images(A: FHEIMNBE; B: KIFHFFE ATCC 25922 /MBE; C: EJAINEANBE; BRI 100 nm)
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Fig. 6  Statistical summary of particle size distributions for multi-source exosomes
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