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Figure S1. Schematic overview of size distribution for LPPs and EVs. (A) Size and density
distribution represent the overlap between LDL (blue) and extracellular vesicles (orange). EVs are
separated by size exclusion (SE) and density gradient (DG) from LPPs. (B) Size and surface charge
density distribution represent another orthogonal axis (SE and ion exchange (IE)) to distinguish
between LDL and EVs. Symbols indicate surface charge density values reported in other studies for

(V)LDL and HDL (4) [1], and large size of LPPs (chylomicron; m) [2].
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Figure S2. Transmission electron micrographs of HDL-, LDL-, and EV-only particles. HDL and
LDL particles were isolated from plasma; EVs were from cell culture.
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Figure S3. Differential elution of EVs based on their surface charge. (A) EVs from CaOV3 cells
were biotinylated and labeled with streptavidin. At pH 6.4, labeled EVs showed less negative zeta
potential than unmodified EVs from the same cell line. (B) Both EV samples were processed by cation
exchange chromatography, and eluate sample fractions were analyzed. Note that labeled EVs (less-

negatively charged) eluted later than unmodified EVs (more negatively charged). Data are displayed as
mean + s.d from technical duplicates.
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Figure S4. Quantification of tetraspanins in different elution fraction. (A) Plasma samples (0.5 mL)
were processed by eDMC, and the amount of CD63, CD9, and CD81 was measured in different elution
fractions. Similar elution patterns among markers were observed. (B) The amount of CD9 and CD81 in

a given elution fraction was linearly correlated with that of CD63. Data are displayed as mean + s.d

from quadruplicate measurements.
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Figure S5. Comparison of separate and combined processes of size exclusion (SE) and cation
exchange (CE) chromatography. In the same void fraction and void fraction, combined process
resulted in higher CD63 signal and lower LDL contamination. The grey shadow indicates EV-elution
fractions. Data are displayed as mean + s.d from duplicate measurements.
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Figure S6. EV purity against total protein. (A) Total protein amount (0.5 mL plasma) was measured
and compared between three chromatographic methods. Both DMC and eDMC removed >99% of total
proteins. (B) The mass ratio of CD63 to total protein was compared. eDMC filtrate had the highest

purity.
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Figure S7. Urine sample processing. Urine samples spiked with EVs were used for particle isolation.
(A) Transmission electron micrographs for input sample and EVs isolated by using SEC, DMC and
eDMC. (B) After isolating EVs using three different methods, recovery of particles were estimated by
ELISA. The technical duplicates are displayed as mean + s.d.

S8



A EV collection fraction B

0.8- p=002
0.8
. i Input plasma — 0.8 —
o 0-6 volume (mL) é p'_0.3|5
g 0.4 ‘ ?-5 % 0.6
[m]
O 0.2 ° 2 o
o 0.4+
0.0- ©
w
2.4 § 0.2+
0.0-
05 1 2

Input sample volume (mL)

CD9 (ug)

1.2

Normalized to input plasma volume

CD63 (ug)

80

60—

40

LDL (ug)

20

T T T T T 1
6 7 8 9 10 11 12 13 14 15

Elution fraction number

Figure S8. Processing of different volumes of plasma. (A) Human plasma samples (0.5, 1, and 2
mL) spiked with cancer EVs (CaOV3) were processed by eDMC, and eluate sample fractions were
analyzed for tetraspanin markers (CD9, CD63, CD81) for EVs and ApoB for LDLs. The grey shadow
indicates putative EV-elution fractions (fraction number 8 to 11). More LDLs were found in the EV
fraction when 2-mL plasma samples were introduced (red arrow). Data are displayed as mean z*s.d
from quadruplicates. (B) EV purity was estimated by taking the mass ratio of CD63 to LDL in the EV
elution fractions. the purity was statistically identical between 0.5 and 1 mL plasma inputs, but was
significantly lower with 2 mL sample input. Data are displayed as mean #s.d from duplicates.
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Figure S9. Comparison of GAPDH levels in native and filtered plasmas. mRNA was isolated and
analyzed through real time PCR. The C, values were similar in all tested samples. Data from technical

triplicates are displayed as mean + s.d.
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Figure S10. Measurement of particle concentrations in clinical plasma. (A) Plasma samples from
healthy donors (n = 8) and cancer patients (n = 8) were processed by eDMC, and the particle
concentration in eluate was estimated via nanoparticle tracking analysis. CD63 and EpCAM
expressions, measured by iIMEX, were shown for comparison. (B) The particle concentration showed
no significant difference between control and cancer cohorts (P = 0.25; two-tailed unpaired t-test). (C)
Expression levels of CD63 and EpCAM, when normalized against particle concentration, were
statistically not different between control and cancer cohorts (P = 0.49 for CD63; P = 0.43 for EpCAM,;
all two-tailed unpaired t-test).
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Figure S11. Calibration curves for LPP and EV quantification. Titration curves for ApoA, ApoB, and
CD63 were generated via ELISA, and were respectively used to estimate the amount of HDLs,
(V)LDLs, and EVs. EVs were obtained from CaOV3 cell line, and their concentrations were measured

via nanoparticle tracking analysis.
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Table S1. List of antibodies used in the current work.

Taraet Vendor Oriain Uses

CD63 Ancell (215-020) Mouse ELISA. iIMEX. imadina
CD63 Ancell (215-030) Mouse ELISA (biotinlyated)
EpCAM AbCAM (ab187372) Mouse iIMEX, imaging

ApoAl / ApoB Cell Biolabs (STA-361) Mouse ELISA

Anti-mouse Alexa 647 Thermofisher (31571) Donkey imaading
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SUPPORTING NOTE - SURFACE CHARGE ESTIMATION
List of symbols

Description Sl unit Value

e electron charge C 1.6 x10™%
kg Boltzmann constant JIK 1.38 x 1072
Nq Avogadro constant mol~! 6.02 x 10%

€ permittivity of water C/(Vem) 6.99 x 10710

electrolyte temperature K 300

o surface charge density C/m?

Ny number density of NH2 group m2

N> number density of COOH group m~2

K acid dissociation constant for NHz group M-t

K; acid dissociation constant for COOH group M1

K cation binding constant to COO~ M-t 0.7 for Na*
[H*] proton concentration M
[M*] cation concentration M 1.37 x 10~
Co electrolyte concentration m-3 8.25 x 10%2
o surface potential Y,

4 zeta potential \Y

Zo location of the shear plane from the lipid surface m 2 x 1070

1. lonization Model
We assume that electrical charges on the vesicle surface come from ionization of carboxyl and amino

groups. Per framework of the site-dissociation model [3, 4], the charge density is given as

eN, eN,
o= — . (1)
K Ht
1+—[H}r]exp(—;1£(;,> 1+(—[K2]+Km[Mﬂ)exp(——iﬁg,)

The second term of Eq. (1) includes the charge reduction due to the binding of cations (in electrolyte) to
the ionized carboxyl group [4]. From our experiment condition, we used the following values: pK; = —
log10K1 = 9.1 (for NHy), pKz = —logi0K2 = 3.2 (for COOH), [H*] = 10~°". The electrolyte had 0.137 mM
NaCl, which gives [M*] = [Na*] = 1.37 x 10~* M. We used K, = 0.7 M~ for Na* binding to carboxyl group

[5].

2. Surface potential
The surface potential in solution is related to a smear charge density through the Gouy-Chapman

formula [6],

0 = /8cyekyTsinh (;}i‘;). (2)

The electrolyte (NaCl) concentration co was converted from molarity [M*] as ¢o = [M*] x Na x 10 (m~3) =
8.25 x 10%2 (m™3).

S14



To estimate the zeta potential at the distance z, from the charged surface, we then used the solution to
Poisson-Boltzmann equation,

el \ _ ey, _ [2e%cy
tanh (—4kBT) = tanh (—4kBT) exp ( ’ kol ZO>. (3)

We set zo = 0.2 nm for phospholipids [5].

3. Combining all together

Our goal was to estimate N; and N2 from measured ¢ values. We first used Eq. (3) to estimate o from
¢ and replaced gy in Eq. (2) with the calculated value to estimate 0. The obtained o, and o were then
used in Eqg. (1), setting a linear relation between N; and N». Repeating this process for { values
measured at different pH, we obtained a set of equations for N, and N2. We then performed the least-
square fit to find the optimal N1 and N2 values that satisfied the equations.
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