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Application note Extracellular Vesicles

Profiling of EV-containing SEC fractions
with single-molecule imaging

SUMMARY INTRODUCTION

Cell-to-cell communication allows cells to coordinate

Investigating the biomarker distribution and size of development and send crucial signals regarding cell

Extracellular Vesicles (EVs) purified using Size Exclusion environment and health. Extracellular vesicles (EVs) are lipid

Chromatography (SEC) enhances our understanding of bilayer-bound particles that range in size and that play critical

how the EV purification method influences output EV roles in cell-cell communication to maintain tissue homeostasis

population numbers, EV integrity and morphology, and the and as carriers of disease state markers, including RNA/DNA,

investigation of EV biomarker content. cytosolic or membrane-bound proteins, and other signaling

factors'?. EVs have gathered special interest in the last few years
The Nanoimager and ONI Application Kit: EV Profiler 2™ through their potential as vehicles for drug-based cell targeting,
enable: vaccine delivery, and biomarkers of various diseases, including
cancers and viral infections®®.

e Quantification of EVs and their biomarkers, with

20 nm resolution EVs appear to be released by all cell types and can be found in

o o o _ most biofluids such as milk, plasma, urine, semen, and
e EVsizing and morphological identification using

cerebrospinal fluid®. They can also be found in conditioned cell
a generic Pan-EV stain

culture media. However, most techniques currently available for

e Simultaneous EV sizing and detection of custom EV characterization require the use of purified samples, where
biomarkers of interest EVs have been separated from potential contaminants such as

soluble proteins and non-EV lipid particles. A variety of EV

e Detection of cargo molecules contained inside

EVs using permeabilization purification methods have been developed over the years, the

most common methods include: ultracentrifugation (UC),

polymer-based precipitation, size exclusion chromatography

(SEC) and density-gradient centrifugation’. Each method has
different benefits and limitations, depending on the EV source
and the downstream technique to be used to analyze purified
EVs. Here, we will focus on SEC and how ONI's EV Profiler 2 kit
can be used to characterize the different fractions that are
isolated using SEC. For more information about EV purification
methods compatible with single-molecule imaging using the
Nanoimager, please refer to ONI's webinar entitled

“Preparing intact EV samples for super-resolution imaging”.
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https://www.youtube.com/watch?v=JVSO2N-SNfA
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METHODS

PANC1 cells were cultured in phenol red-free Dulbecco’s
Modified Eagle’s Medium (DMEM) supplemented with 10%
EV-depleted FBS and 1% penicillin/streptomycin (Gibco™
21063045, A2720803 and 15140122). Conditioned medium was
collected after 48 hours for EV isolation and spun at 300 x g for
10 minutes to remove cellular debris. Clarified conditioned
medium was concentrated to 400 plL using Vivaspin™ 20 100kDa
concentrators (Cytiva 28932363) at 1000 x g in 10-minute
intervals. Concentrated medium was loaded into IZON
gEVoriginal Gen 2 70 nm column (IZON ICO-70) equilibrated at
room temperature with ONI's Wash Buffer according to the
manufacturer’s instructions. SEC collection was performed
manually, using gravity flow. 2.75 mL of void volume was
discarded, then 125 plL subfractions (fraction éb, 7a, 7b, 7¢, 7d,
and 8a, respectively) were collected off the gEVoriginal column.
Collected subfractions were used for subsequent preparation
using ONI's Application Kit: EV Profiler 2. All subfractions were
diluted 1:5 in Wash Buffer before being applied to the EV Assay
Chip. EVs were captured using phosphatidylserine (PS) Capture,
and detected using both the Tetraspanin profiling and the
Pan-EV detection modalities. Imaging was performed on a
Nanoimager Mark Il S using NimOS, and analysis was performed
using ONI's CODI, using the "EV Profiling” analysis app with the
DBscan algorithm used to cluster localization data. Data were
plotted using Graphpad Prism 10.2.2.
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RESULTS

PANC1 EVs were isolated and purified using IZON's SEC-based
gEV 70 nm columns, whereby samples can be collected in 500 pL
fractions, and the first 3 mL or 6 fractions considered the void
volume containing soluble proteins and non-EV lipid particles.
Here, we captured the final 250 pL of fraction 6 (termed
subfraction 6b) and subdivided the 7th fraction into four 125 uL
subfractions (7a, 7b, 7¢, 7d, respectively), as well as collecting the
first 250 pL sub-fraction of fraction 8 (subfraction 8a). Purified EVs
were then captured using ONI's EV Profiler 2 PS capture so as not
to bias the EV capture only to those with tetraspanins. Total EV
counts were calculated using CODI's “EV Profiling” analysis app
with DBSCAN clustering of the Pan-EV detection modality.

The amount of EVs collected and captured onto the assay surface
decreased with each subfraction, as expected (Figure 1). While a
large number of EV-like particles captured from subfraction éb
were observed, there was high variability in the number of EVs
captured across 8 FOVs. In alignment with the manufacturer’s
instructions to discard this fraction, there is a higher likelihood of
contamination (e.g., lipoproteins that are similar in size to EVs) in
fraction 6 despite EV-like particles being captured from this
fraction.

6b 7a 7b 7c 7d 8a

Subfraction

Figure 1| The number of EVs purified decreases with each subfraction. EVs detected via DBscan clustering using the Pan-EV Detection modality.

Mean of 8 FOVs with SD shown.

©2025ONI

hi@onibio | www.onibio | % @oniHQ | [©) @oni_bio | B8 @oni-bio | in @on



ONI Application Note | Profiling of EV-containing SEC fractions with single-molecule imaging

Due to the principles of SEC, larger EVs are expected to exit the
column first. Indeed, using ONI's Pan-EV stain, we can observe
that the diameter of EVs captured onto the Assay Chip
decreases throughout subfraction collection. The EV
populations collected from subfractions 6b, 7b, and 7c had a
median diameter of approximately 120-140 nm, while EVs from

subfractions 7d and 8a had a median diameter of 101 nm and 94
nm, respectively (Figure 2). Notably, the range of EV diameters
present in each subfraction also shifted to the left throughout the
SEC fractions, matching the decrease observed in the fractions’
median diameter (Figure 2 top and bottom, respectively).
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Figure 2 | EV diameter decreases with each subfraction. A) Top: Relative frequency distribution histogram of EV sizes within each subfraction. The
X-axis is a log10 scale. A bin size of 5 nm was used for the histogram, and the resultant histogram was smoothed using second-order smoothing of 9
neighbors. A) Bottom: Box and whiskers plot showing each EV SEC fraction diameter distribution, whereby the median value has been annotated.
Note: A cluster size of 30 nm is the minimum defined by CODI, to provide high confidence in EV identity. B) Representative single-EV images from
each EV subfraction collected using SEC and labeled with Pan-EV stain (green) and tetraspanin-trio (magenta) to confirm EV identity and assess
morphology. EVs were imaged with super-resolution imaging on ONI's Nanoimager and localization data processed with cluster-based analysis using

the “EV Profiling” analysis app on CODI.
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While we were able to investigate EV size and approximate
sample concentration using the Pan-EV detection modality of
the EV Profiler 2 kit, we can also use the Tetraspanin Profiling
detection modality to investigate how the tetraspanin content
of these EVs changes among the different purification
fractions. In this case, we observed minimal differences in
CD81, CD63, and CD9 content between the subfractions
collected and imaged. No clear trends were observed in
tetraspanin (CD9, CDé63, and CD81) content between the
subfractions (Figure 3).

CONCLUSIONS

Here, we demonstrate how to use both ONI's EV Profiler 2 kit
Tetraspanin Profiling and Pan-EV detection modalities, together
with the Nanoimager microscope and CODI software tools, to
characterize an EV population and compare between different
purified EV populations. Enabling investigation of EV size and

EV protein content via single-molecule imaging will allow EV
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Figure 3 | Minimal changes in tetraspanin content occur from fraction
6a to 8a. Percentage of clusters positive for CD81, CDé63,

and CD9 respectively. Each FOV was normalized to total clusters

in the FOV. Mean with SD shown.
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