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Supporting Information

Materials and Methods

All chemicals were purchased from commer-
cial suppliers and used without further pu-
rification. Cholesterol and the DOPC lipid
used in this study (1,2-1,2-dioleoyl-sn-glycero-
3-phosphocholine) were purchased from Avanti
Polar Lipids, Inc. (Alabaster, AL). Anti-
CD9-FITC was purchased from Abcam (Cam-
bridge, MA). Unless otherwise noted, all other
reagents and materials were purchased from
Sigma-Aldrich Corp. (St. Louis, MO).

Multispectral optical tweezers setup

785 nm laser light (CrystalLaser, Reno, NV) is
coupled to a 60X, 1.2NA water immersion ob-
jective on an inverted microscope (Olympus IX-
71). Brightfield images were illuminated by an

Olympus TH4-100 lamp. Fluorescence images
were illuminated by mercury lamp. A spec-
trophotometer grating setting of 600 lp/mm
was used, providing a resolution of approxi-
mately 5 wavenumbers.

Manual movement of the stage and focus
height enabled vesicle trapping. To minimize
background from the quartz, trapped vesicles
were slowly brought up away the slide surface.
To keep data consistent and accurate, we chose
to avoid trapping particles with rough perime-
ters or whose tumbling motion could be clearly
seen, both of which we believed indicators of
an aggregate. An additional issue we encoun-
tered was the tendency of trapped particles to
fall out of the trap before completion. To en-
sure particles remained in place for the dura-
tion of the Raman scattering detection, we rou-
tinely switch back to the camera following Ra-
man scattering detection to check that the par-
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Supporting Figure. 1: Dendrogram showing the clustering result using the first 10 principal com-
ponents across the entire dataset. Each terminus represents an individual vesicle. The spacing
between dendrogram branches scales with dissimilarities in PC score. The major three clusters are
color coded as in Figure 2d in the main text.

ticle is still trapped. Finally, to be sure we did
not trap the same vesicle more than once, care
was taken to move far away from the previous
trapped vesicle following its release.

For a typical measurement, a 20 µL drop con-
taining a dilute sample of exosomes ( 105 par-
ticles/mL as measured by NTA) was deposited
on a quartz disc (SPI Supplies, 0.18 mm round
x 0.15 mm thick) placed on a translational
stage positioned over the objective lens. Once
trapped, five 60-s integrations were taken to
generate the final Raman spectra. DT-Acquire

software was used to observe the live feed from
the video camera. Winspec software was used
for recording spectra from the Raman detector.
A processed dataset, i.e. cosmic ray removal,
background-correction, and smoothing, all per-
formed by a custom Matlab (Mathworks) script
based on the built-in ’pca’ function, which de-
composes the dataset down into the scores and
loadings. For hierarchical clustering, the input
to linkage is the first 10 scores from the PCA
decomposition. Scores with N > 10 were typi-
cally corrupted by noise and removed. Fits of
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Supporting Figure. 2: Post ultracentrifugation purification control. To examine the effect of an
additional round of ultracentrifugation purification post antibody labeling, we examined the NTA
size distributions for ovarian cancer plasma derived EVs previously purified by ultracentrifugation.
The size distribution of the EVs subjected to another round of ultracentrifugation (a) did not
significantly deviate from EVs pre-incubated with anti-CD9-AF488 antibody (b).

principle component cluster spectra to chemi-
cal standards were performed via least-squares
modeling. More details concerning the analyt-
ical methodology can be found in a previous
study.1

Cell culture, exosome isolation and char-

acterization

Four rat mesenchymal stromal cell (MSCs)
lines were generated as previously described.2
Briefly, bone marrow was isolated from adult
rats, with buffy coats plated on plastic adher-
ent tissue culture plates at a density of 1.0 x
106 cells mL�1. Primary adherent cells were
exposed to LXSN-16 E6E7 retrovirus for 2 hr
and 4 µg mL�1 polybrene. Virus containing
medium was removed and adherent cells were
incubated with medium containing polybrene
for an additional 5 hr. All clones expressed
CD73, CD90, CD105, and CD166, with no ex-
pression of CD14, CD34, and C45. MSC clones
were assessed for differentiation potential using
adiopogenic and osteogenic differentiation kits
(Trevigen, Gaithersburg, MD).

For exosome isolation, MSC cell line clones
were cultured with RPMI medium containing
10% EV-depleted FBS (pre-cleared at 100,000
x g, 4oC, 18 hr), to ensure that the resulting

EVs originate from the MSC cells. After 48
hr the cell culture medium is harvested and
centrifuged at (i) 2000 x g, 10 min to remove
cells and large debris, (ii) 10,000 x g, 30 min
to remove microparticles and (iii) 2 x 100,000
x g, 2 hr, to remove contaminating protein.3
The resulting pellet was dissolved in a minimal
amount of PBS (20 µL PBS per 5 million cells
cultured) and frozen at -80oC for up to month
before analysis by MS-OTs.

Exosomes were isolated from blood and as-
cites on the same day of collection from the pa-
tient. Whole blood was collected in a lavendar-
capped plastic tube coated with the anticoag-
ulant EDTA to prevent clotting, and carefully
transported on ice to the lab for processing. 4
mL of whole blood was centrifuged at 2,000 x g,
4oC, 15 min to separate plasma, which was care-
fully removed by Pasteur pipette to a cooled
polypropylene tube. From here, plasma and as-
cites were subjected to the centrifugation steps
(i - iii) outlined above for cell culture super-
natant.

For antibody labeling, exosomes were mixed
with a 1:100 dilution of anti-CD9-FITC anti-
body in MilliQ-H2O. After overnight incubation
at 4oC under gentle rotation, the exosome so-
lution was centrifuged at 100,000 x g for 2 hr
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Supporting Figure. 3: (a) The first (orange) and second (purple) principal component loading
vectors, calculated from the full EV spectral data set across either the four MSC clones (left) or the
cancer biofluid sources (right). (b) One-dimensional first and second principal component scores
for each single trapped MSC-vesicle, color coded according to clonal membership. Italics denote
CD9+ vesicles trapped under fluorescence examination.

to remove unbound antibody. The pellet was
re-dissolved in 20 µL PBS for immediate MS-
OTs measurement. The ratio of protein con-
centration (by BCA assay) and number concen-
tration/size distribution (by NTA) was used to
ensure our preparations were relatively pure of
excess free protein or other contaminating fac-
tors.4 Procedures for BCA assay and NTA were
performed as reported previously.1
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