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Common goal: information from 
extracellular vesicles (EV)
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Common goal: EV detection 
with single particle methods

instrument requirements
differentiate EV
count ≥106 EV
reproducible

discodip courtesy of Linda Rikkert 4

if 1 / 1,000 EV is rare
you need to count 1,000,000 EV
(3% error)



Common goal: reproducible EV detection 
with single particle methods

5van der Pol et al. JTH (2015)

a concentration statement includes a size range

7-fold

EV concentration
109 mL-1

109 mL-1 (100<d<400 nm)



Tunable resistive pulse sensing (TRPS) principle 

Coumans et al. JEV (2014) 6
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Size determination
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Size determination
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Why particles move through the pore
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Brownian motion
electroosmosis
electrophoresis
external pressure



Concentration determination
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109 mL-1

0.3∙109 mL-1

(120<d<600 nm)

external pressure dominates flow:



TRPS: size and concentration example
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TRPS: size and concentration example
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TRPS: size and concentration example
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ζ-potential (surface charge) determination

Kozak et al. ACS Nano (2012) 15
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ζ-potential (surface charge) determination

Kozak et al. ACS Nano (2012) 16
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Example ζ-potential determination

TRPS white paper (Izon Science) 17
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150 nm, neutral
180 nm, neutral
200 nm, carboxylated



Determination of optical properties
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resistive 
pulse 

sensing 

optical setup
scattering
fluorescence
Raman



TRPS and fluorescence

Hauer et al. Biomicrofluid (2015) 19



1 μm beads passing through the pore

20Video courtesy of Dayna Every

pore

1 µm polystyrene bead

beads stick close to the pore



Pore clogging
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Size exclusion chromatography

Böing et al. JEV (2014) 22



Size exclusion chromatography

Böing et al. JEV (2014) 23

lipoprotein particles,
soluble proteins

EV, chylomicrons,
high-molecular weight proteins

size exclusion threshold

Flow cytometry
TRPS
NTA



High throughput analysis?

numbers indicate order of magnitude 24

Method Time to acquire 
signal of 1 EV (µs)

Time to detect 106 EV 
in practice (min)

Tunable resistive 
pulse sensing 1,000 10,000

Nanoparticle 
tracking analysis 1,000,000 10,000

Flow cytometry 1 10



Summary TRPS analysis of EV

size distribution
concentration
ζ-potential

pore clogging
size exclusion 
chromatography

limited throughput
parallel solid pores

image courtesy of Cees van Rijn (Aquamarijn) 25
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