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FFF 2.0: Field Flow Fractionation for the
comprehensive Characterization of Proteins
and Nanoparticles

Reaching the next level to characterize nanoparticles
and proteins with Field-Flow Fractionation coupled to
Multi-Angle Light Scattering

Dr. Christoph Johann, Wyatt Technology

CONFIDENTIAL Wyatt Technology Corporation — All Rights Reserved 1



2 1\ .
Proteins conjugated with Nanoparticles ...
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... need new analytical methods

Peptide Antibody Virus

HPLC-MS SEC
UHPLC-MS U-SEC

: 5 2 , S———s
,//;// Field-Flow Fractionatio
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Eclipse FFF: Why use Field-Flow Fractionation

e True particle size distribution, can produce fractions
e High resolution

e Wide separation range from small macromolecules (nm) to
large particles (um)

e Powerful for analysis complex samples

e Gentle, low shear and non-destructive

e On-line absolute characterization from MALS
 Determines charge and charge distribution

e Robust and easy to use
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Wyatt Eclipse — Complete System

e Seamlessly integrated and
automated system

e Sophisticated data
processing of shape,
conformation, charge
distribution

e Software supported
method development
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How Flow-FFF Separation Works

e Sampleinjected — by interaction with the cross-flow it is
concentrated against the porous bottom wall

CONFIDENTIAL Wyatt Technology Corporation — All Rights Reserved 6

SWYATT

TECHNOLOGY




AN, -

How Flow-FFF Separation Works

e The electrical field is added after focusing has taken place
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How Flow-FFF Separation Works

e Separation based on diffusion against a cross-flow in a laminar flow stream

SWYATT
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AN .
Flow-FFF - Retention Equation

2
6D; F.

t, retention time

w channel thickness

F, cross-flow rate

F. flow rate to the detector
D, diffusion coefficient

[1] R. N. Qureshi, Wim Th. Kok, LCGC Europe Jan 2010

Retention depends on the flow rate ratio only, not the length or width of the
channel (with given D, and channel height)

SWYATT
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Human Polyoma VPL particles for gene

delivery

3.0x107 - /\ - 100.0
7] i ]
2.5x10 [ i 80,0
g 2.0x107] ‘f :
> f . 60.0
® 1.5x107-
s i
: f . | 40.0
S 1.0x107-
£
[ 20.0
5.0x107] 2,500 kDa
frr—
0.0 )
15.0 20.0 250 30.0 35.0 40.0

time (min)

e Analysis is critical for optimizing VLP reassembly

uu) snipeus sud

Citkowicz, A., et al. (2008). "Characterization of virus-like particle assembly for DNA delivery using asymmetrical

flow field-flow fractionation and light scattering." Anal Biochem 376(2): 163-172, 2008
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VISION — integrated software suite

— VlSl(-) N CSH Chromatography Software Hub

O
N

ASTRA

21

SYSTEM CHECK LICENSE MANAGER WWW.WYATT.COM

Explorer {} Preferences O Exit
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Method development with SCOUT

e Define a set of sizes which represent the sample
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2 AN
Sample Definition

Time Table & Flows | Separation Device | Sample & Experiment

Components
Mass . | Electrophoretic
ID | Description | Fraction ;'ayg’;’sd[{:::’]“" Mobility
(%) [107* m*/(V-s)]
1 |3020A 30,00 11
» |2 |3050A 50,00
3 | 3100A 20,00 51
k3
Solvent Properties
Solvent Water v
Temperature (2500 |3 <C Conductivity 0 S/m
Inject
Volume 20 pL Concentration 34 mg/mL

SWYATT

15 TECHNOLOGY

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved



AN, -

Method development with SCOUT

e Define a set of sizes which represent the sample ™
e Select a channel geometry y
o \
e Develop the flow program to show a satisfactory ;
separation T15
E 4
e Export the method to VOYAGER and run it £
20
0,5—- \
o,o- ..............
0 10 20 30 40 50
Time [min]
%
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Method development in SCOUT Il

B scout ppse — x
File Edit Options Help
# IE =] -] |=f = nYQ R B2 22 | ==
000 g isa =S OC 2l B BIAL XBEE
Navigation Fractogram simulation . : ? Virtual Experiment |Virtual experiment (new)
Concentration vs. Time  Concentration vs. Distance
[~ Project (new)
Time Table & FI
) PSS Mix 3 30208 30504 3100A - 2.0 ime Table & Flows Separation Device Sample & Experiment
£ & Data Traces & Peaks 1 —— Virtwal experiment (new) - Sum Time table
# Experiment (new) i s Virtual experiment (new) - Cross Flow Cross [ Croms
M)\ Size Distribution 1 = Virwal experiment (new) - 30204 r Duration | Flow Flow Mobility
; e I I e Vil (nev) - 3050A L= T i T et s
[E] Export ECLIPSE Method X Imepomy [ fon Efrwin
40+ 5 b » )20 2,00 2,00 Constant O
] . « © A i » DieserPC » Lokaler Datentrager (C:) v & | "Lokaler Datentrager (C dur.. © L1 Elution Inject = |2,0 2,00 200 Constant ]
i Organisieren Neuer Ordner - @ L Focus v[100 |30 00 Censtant o
. Elution - |200 2,00 020 Linear O
— B -~ A k
z . | > @ OneDrive Mame Anderungsdatum | Typ T Elution <o o2 oz Constant O
S ) | Benutzer 03.01.2018 11:46 Dat| r E
E Dieser PC
s - MSOCache 02.01.2018 14:15 Datq L E Insert Append Delete Clear Default
2 _J 3D-Objekte -
g | Perflogs 20.00.2017 15:46 Dat| Lo &
£ > & Autedesk 360 ProgramData 08.01.2018 11:25 Datd T
g L
2 20 > &= Bilder | Programme 04.01.2018 12:54 Dat| 8
o o
v 4 > [ Desktop | Programme (x86) 04.01.2018 13:13 Datef r
i » [ Dokumente | s 10.01.2018 16:16 Date| L s
+ & Dounloads | Teols 03.01.2018 11:49 Dat| | <
i Musik | Windows 03.01.2018 19:00 Date|
] > b Musi Lo,5
] > @ videos
i > i Lokaler Datentrager (C:) o R | o
i E
E
] Dateiname: | MethodTransferDemenstration <] 2
L A S S S Dateityp: | Eclipse Method File (*.ccmf) | frrrrre z
2 4 6 8 o
=1
A Ordner ausblenden Abbrechen
Results
Diffusion | Retention | Widthathalf |
Visible | Virtual Experiment Particle Coefficient | Maximum | Maximum | 2Pe
11072 m¥s] | [min] [min]
» Virtual experiment (new) 30208 20,448 11,918 084436 1103,2
B |Virtual experiment (new) 30504 94374 18,588 1,2061 13171
| B |virtual experiment (new) 31004 47187 23,863 1,9293 243,38 0
10 20 30 4 50 60
Time [min]
—e— Cross flow —— Detector Flow Focus Elution ‘
Detector Flow mL/min mA

Add virtual Experiment

[ Show Cross Flow

Superon GmbH - DEMO-LICENSE: NOT FOR RESALE ‘ Advanced Mode
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Running a sample sequence in VOYAGER

OVAGER CD5®

Method ~Sequence Options Mere  Abort

Methods
ethods -
> Comet Test 1min.M
> Comet Test 2min + Imin.M
> Comet Test 2min.M
3 Focus Test 2M
3 Focus TestM
3 T5 3030A Flow Injection.M
3 T5 ELC W350 3050A QC 48 -2.5mAM
3 T5 ELC W350 3050A QC 48 -5.0mAM
> T5 ELC W350 3050A QC 48 313K.M
3 T5 ELC W350 3050A QC 48 333K.M
> T5 ELC W350 3050A QC 48 353K.M
> T5 ELC W350 3050A QC 48.M Il
3 T5 ELC W350 BSA QC 25.M
3 T5 ELc W350 SOL 01 Vd100 V»300.M
3 T5 ELc W350 SOL 02 Vd100 V»400 -1.0mA.M
> T5 ELc W350 SOL 02 Vd100 Vx400 1.0mA.M

m

3 T5 ELc W350 SOL 02 Vd100 Vxd400 2.0mA.M

3 T5 ELc W350 SOL 02 Vd100 V400 20.0mA.M
3 T5 ELc W350 SOL 02 Vd100 Vx400.M

3 T5 ELC W350 SOL 03 Vd100 V400 +1.0mA.M
3 T5 ELC W350 SOL 03 Vd100 Vxd00 +2.0mA.M
3 T5 ELC W350 SOL 03 Vd100 Vx400.M

PO e — Y

Sequences
2017-10-30 BSA Validation.S -
2017-10-30 SOL 01 X-00164-36-FP.
2017-10-30 SOL 02 X-00164-36-FP.
2017-11-02 SOL 02 X-00146-72.5
2017-11-03 SOL 02 X-00146-36-FP.
2017-11-03 SOL 02 X-00146-72.5
2017-11-07 SOL 02 X-00146-30-7.5
2017-11-08 BSA Validation.S
2017-11-08 SOL 02 X-00191-59.5
2017-11-09 SOL 02 MIX.5
2017-11-10 SOL 02 MIX.S
2017-11-14 BSA Validation.S
2017-11-14 SOL 02 MIX.S
2017-11-16 BSA Validation.S
2017-11-16 SOL 02 MIX.5
2017-11-17 PSS 30504 Flow Injectic
2017-11-17 PSS 3050A.5
2017-11-17 SOL 02 MIX.S
2017-11-21 SOL 02 MIX.S
2017-11-22 SOL 02 MIX.5
2017-11-23 SOL 02 MIX.S
2017-11-24 SOL 02 MIX.S

8 SOL 02 MIX.S

HEHENEREREREHENEHERE

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved

Help

Instrument Status

Eclipse

EMF(¥)
o
g 100 G 1o

emm |y

Mode Elution
Detector Flow mL/min 1.01 1.00
Cross Flow mL/min -0.01 0.00
Inject Flow mL/min 0.97 -
Pc Pressure bar 13.64

Px Pressure bar 11.35

Run 52.12 / 60.00 min

Signals « Online Plot

UV Lamp Anode Voltag « 5+
[ Eclipse
Set Cross Flow
Read Cross Flow
Set Detector Flow
Read Detector Flow
Set Inject Flow
Read Inject Flow
Channel Pressure
Cross Flow Pressure
Eclipse Analog-In
Mobility Analog-In

T5 ELc W350 SOL 02 Ve

Sampler

EMF(Z)

50.00uL

|
& Vial 0

[ml/min]

Mobility pH
Mobility Conductivity ¢
Mobility Conductivity ¢
Mobility Temperature ¢
Mobility Temperature ¢
Mobility Temperature ¢
Mobility Read Ampera]

Mobility Read Voltage

Internal Temperature

Ambient Temperature | |

2 e —

18

Grad. Pump

100.0 0.0

Flow

Pressure
Ripple
Pressure Limit
Compasition A

Compaosition B

Basic Collection

Column Oven

EMF(Y)

8

co—

29.95°C

Basic Collection: Experimentl(

DAD

EMF(¥)

[l
o8 8=

WL BWRefWL RefBW [mAU]

A 260 4 360 100 -0.5
B 200 4 360 100-131.5

Instrument Run 5] @on @or

53 |

.06

0.057

0.044

0.034

detector voltage (V)

0.024

F-6.0x107°

F-g.0x10™

uv 1
uv 2
dRI
QELS
EM

F-1ox10™

(NT) XoPUI SAIDELRI [ERUINP

B TCU B e e e e e i e e i i e B |

|

T T
20.0 30.0 40.0
time (min)

Superon GmbH - DEMO-LICENSE: NOT FOR RESALE
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Comparison of simulation and experiment

-2

—— PSS Mix 3 - sum

------------- Po5 ix3- cross o | | e Simulation for the

——— PSS Mix 3 - 3020A
~——— PSS Mix 3 - 3050A

e | three polystyrene
latex samples

Concentration [pg/mL]

e Experiment with
excellent agreement
to the simulation
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Method Optimization in SCOUT

_ —2,0
1 e e [er— Source Method - Cross Flow r
i —— Source Method - Signal r
40+ "
| ~1,5
- [ T
: [ E
. —
= ] — E
.5,20—_ —1,0 >
A ] S
; -G
. i o
4 - O
] —0,5
0- I
T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T 0,0
0 5 10 15 20 25 30 35 40

Elution Time [min]
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Method Optimization in SCOUT

- —2,0
e Source Method - Cross Flow ||
] Source Method - Signal i
40 e s i A G S I Target Method - Cross Flow :
- —— Target Method - Signal 15
- | <
: - £
’ 4
E i i £
o 20 - -1,0 >
v - B o
: oy
. .
i B O
: -0,5
0 _- > / -------------------------------------- :
T T T T I T Ll T Ll I Ll T T T I T L Ll T I T T T T I Ll T T T I T T Ll T I T T T T 0,0
0 5 10 15 20 25 30 35 40

Elution Time [min]

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 21 WY TT

TECHNOLOGY




A\

Comparison simulation and experiment

-2,0
Source method - cross flow ||
Source method - signal
Target method - cross flow ||
Target method - signal
1,5
‘_é L
=) -1,0
(7] L
0,5
\ I
0,0
40 50
100+ Elytion time [min]
80
g 60
]
4
2
a 409
2
LA
U= LN e e e e e e e e e e e e s s s B |
0 5 10 15 2 2 3 3 ] 45 50
Elution time [min]
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Cross flow [mL/min]

e Qverlay of
experiment and
simulation

e Qverlay of the initial

and optimized
experiment
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Size distribution based on calibration

[E] scouT DPs: CAUsersPubli

(| File Edit Options Help
OO0 a8 SEE S

Navigation

-5

ZFO6C AR 2 200XX

Particle Size Calibration

BAsXEREen 00

[~ Latex particles E -
5@ PS Size Standard
100
- & Data Traces & Peaks 50
I M\ Size Distribution 3 ]
B g Nol
-4 Data Traces & Peaks 80 b
~HA Size Distribution
Electrophoretic Mobili 4 E
55 Ne2 ’ ¥ 540_
@& Data Traces & Peaks —. 604 5
M\ Size Distribution & g
Electrophoretic Mobility T=u B o
£ @ MNo3 i=J E 20
& Data Traces & Peaks @ 40 é
MM Size Distribution 13,699 8
Electrophoretic Mobility ] T 7
MM Size Distribution T
Electrophoretic Mobility Comparision 20 20
Js Fractogram Simulation
[~ Work Flow E
£ PSS Mix33020A 30504 31004 B
24 Data Traces & Peaks 07
(=4 PSS Mix 3
G) ECLIPSE® Method T T T T T T T 1 10 T T T T T T T T T 1
N N 5 10 15 20 25 30 35 40 14 16 18 20 22 24 ]
A Signal Alignments Elution Time [min] Retention Time [min]
Components
& Effective Height
& Name Edit Values used for Calibration Calibrate with Function
#A Size Distribution Hydrodynamic Radius Peak | Retention Hydrodynamic
: Enabled 7] Force through O
4 Fractogram Simulation D Time [min] Radius [nm] neee Regression Order A::E :mg nam
» 13,699 11 0.0
Type e P YoasbXscXf
Effective Height 3 25638 51 a=2132:0
© Molecular Weight . b:j{g;itg
= +
@ Hydrodynamic Radius e=t
Reference from File Reference from Experiment PSS Mix 3 A 2
Wyatt Technology Europe GmbH - DEMO-LICENSE: NOT FORRESALE  Dongle expires in125 days | Advanced Mode
CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 23

SWYATT

TECHNOLOGY



AN,

Post run view of system traces

[
- L]
L

OC AN 2RQAX BE L4 X LENL OO
Data Traces & Peaks m‘m‘

1- Read Cross Flow
2 - Read Cross Flow
3- Read Cross Flow
4 - Read Cross Flow
5- Read Cross Flow
6 - Read Cross Flow

7 - Read Cross Flow
E 8- Read Cross Flow
9 - Read Cross Flow

=
@
I

=
Y
1

Conductivity [S/m]

=
LY
1

£
=
1

LA R R LY LA LAY LR LAY LLARE LALAN SARAN LLARN LA LLALN LLLAN RARLY LLARN RALAN | T T
8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Elution Time [min]

Select Experiments and Data Traces for Graph Display

Experiments Data Traces

All Pressure

1 Flow

VWD: Signal A, 260 nm
Read Cross Flow

Read Detector Flow
Read Inject Flow
Mobility Analog-In
Mobility PH

Mobility Conductivity Sensor1
Mobility Read Amperage
Mobhility Read Voltage

Radius

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 24 WY‘ ‘TT
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Comprehensive set of results

e Hydrodynamic radius
e Electrophoretic

mobility VISION
e Zeta potential +
e Conductivity MOBILITY
e pH values

e Jemperature
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Principle of Electrical Flow-FFF

Sample AF4 + EFFF = EAF4 Sample
Unseparated Cross Flow Field Electric Field Superimposed Fields Separated
+ Anode

e EAF4 uses both force fields to generate a separation plus
measurement of electrophoretic mobility

SWYATT
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Improving Separation |

1.0 - 1.0 -
. Coelution of A and B
0.8 4 0.8 -
E 0.6 4 % 0.6 4
§' ] g Fraction B
< 04 - Fraction A (£ % & 04 - @
e S S'Q
302 - . o 3 02 -
Fraction B @ .
0.0 T T v 1 hd 1 0-0 T T L 1
4 6 8 10 12 4 6 8 10 12
Net Elution Time | min. Net Elution Time [ min.

e Species of same size but different charge can be separated

SWYATT

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 27 TECHNOLOGY




AN,
Improving Separation |

1.0 -

1.0 -
0.8 4 0.8 -
= Fraction A ] Fraction A
© = 1 e
= 0.6 - 2 i )
= Fraction C ~— 3 06 -
7 ® =
D @ @ @«
T W & 04 -
3 02 4 g 0 |
0.0 . . ) : . ; . :
1 6 8 10 12 M0 : ™
Net Elution Time / min. Net Elution Time | min.

e Different charge will move to shorter and longer retention time

e With a series of increasing electrical field, the shift will increase

proportionally
SWYATT
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Theory |

w? - F,
tr = = -ln(1+f =

)

Fout

e Retention in A4F depends on the ratio of flow rates

e Consider mobility and electrical field

M=v£ E_U_I-R E— I
E d d Ag - k

e pcan be determined, if the drift velocity v, electrical current I and the
conductivity k are known, therefore conductivity has to be measured

e Under the influence of a cross-flow and the electrical field E the drift velocity has
two components

F,

c
U=UC+UEP UCZA_I
e

SWYATT
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Theory |l

f'FC
tri 'ln(1+Fout) f 'E F.
Vgp =1\ ¢€ tR —<1+F >.Al'f
out e

e At constant cross-flow the drift velocity is given by a simple
equation

e For cross-flow gradients, a discretization algorithm has to be
used

e Knowing size from MALS, DLS or FFF retention time, the zeta
potential can be calculated

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 30 WY TT
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analygi:%?llmistry

pubs.acs.orgfac

Instrument and Method to Determine the Electrophoretic Mobility of
Nanoparticles and Proteins by Combining Electrical and Flow Field-
Flow Fractionation

Christoph Johann,*”'. Stephan Elsenber‘g;.i Horst Schuch,” and Ulrich Résch® Vol. 87’ 8,

"Wryatt Technology Europe GmbH, Hochstrasse 18, DE-56307 Dernbach, Germany 4292‘8 20 15
iSupercln GmbH, Hochstrasse 12, DE-56307 Dernbach, Germany 4

O Supporting Information

ABSTRACT: A new FFF method is presented which
combines asymmetrical flow-FFF (AF4) and electrical FFF

(EIFFF) in one channel to electrical asymmetrical flow-FFF + + + + + + + ]
(EAF4) to overcome the restrictions of pure EIFFF. It allows >

for measuring electrophoretic mobility (1) as a function of [————————ge ‘

size. The method provides an absolute value and does not [———— " on®

require calibration. Results of p for two particle standards are I | é,n o .,"n;.’,o: i__
in good agreement with values determined by phase analysis - -T
light scattering (PALS). There is no requirement for low ionic ¥ Y v Y Y Y + ’ Y

strength carriers with EAF4. This overcomes one of the main '

limitations of EIFFF, making it feasible to measure proteins - - - - - - - B

e g o, A4 b e vy o

determine y for individual populations which are resolved into

separate peaks. This is demonstrated for a mixture of three

polystyrene latex particles with different sizes as well as for the monomer and dimer of BSA and an antibody. The experimental
setup consists of an AF4 channel with added electrodes; one is placed beneath the frit at the bottom wall and the other covers the
inside of the upper channel plate. This design minimizes contamination from the electrolysis reactions by keeping the particles
distant from the electrodes. In addition the applied voltage range is low (1.5—5 V), which reduces the quantity of gaseous
electrolysis products below a threshold that interferes with the laminar flow profile or detector signals. Besides measuring i, the
method can be useful to improve the separation between sample components compared to pure flow-FFF. For two proteins
(BSA and a monoclonal antibody), enhanced resolution of the monomer and dimer is achieved by applying an electric field.

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 31
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Mix of 3 Duke Latex 23, 46, 102 nm

17,233

17,874 1,41 mA
18,670

T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30

Elution Time [min]
Diffusion Electrophoretic
Hydrodynamic Coefficient Mobility Zeta Potential
Radius [nm] [10712 m¥s] [1078 m%/(V-s)] Net Charge [mV]
21,603 +0 10,5+0 -4,2603 +£0,14| -127,7 +4,11 -86,68 + 2,79
42,669 + 0 5315+0 -5,8125+0,17| -405,6 +11,6 -117,6 £ 3,37
82,3790 2,753 +0 -5,385+0,13| -925,9+ 22,9 -107,3 £ 2,65

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 32 WY TT
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Native MADb

0,1
— 20,00 mA ]
—— -10,00 mA
—— 0,00 mA
2
S
s
E
2
5 o 45 T T g ]
Elution Time [min] ] 5 #1
0,3 b L I L L L |
-20 -5 -10 -5 0
EIectrophoretic :lectric Field Strength [V/m]
Diffusion Coefficient Mobility Zeta Potential
Hydrodynamic Radius [nm]  [107"% m?/s] [1078 m?/(V-s)] Net Charge [mV]
5,0492 + 0,0242 48,6 + 0,23 0,39779 +0,38 2,657 +2,57 7,628 +7,37

e Very small positive charge, minor influence of the field on the
peak shape

CONFIDENTIAL © Wyatt Technology Corporation — All Rights Reserved 33
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Stressed MAD

0,5-
8,831 —— -20,00 mA T
— -10,00 mA i
Mg 369 — 000mA ]
0,0 o}
é i
g
20,5+
>
£ i
g |
1,0
1 B |
5 10 15 20 5 #1
Elution Time [min] 154+ ¥ """+
20 -15 -10 5 0
Electric Field Strength [V/m]
Electrophoretic
Diffusion Coefficient Mobility Zeta Potential
Hydrodynamic Radius [nm]  [107"2 m?/s] [1078 m2/(V-s)] Net Charge [mV]
5,338 + 0,00812 45,97 £ 0,07 2,8179 £ 0,82 25,17 +7,32 53,48 + 15,6

e Significant higher positive charge, striking strong influence of
the field on the peak shape, at -20mA the peak tailing has

disappeared SWYATT
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AN
One-Click-Analysis — From template to instant results

[E scoutprse - x
File Edit Options Help

DR A EEB =R E0C %44 BE A4 Xk EL 0O

Navigation Electrophoretic Mobility
[~ Duke 20180105

R Perfect reproducibility

#7 032.2018-01-05 13-43 Dow - Du
#7 038.2018-01-05 14-18 Dow - Du
# 040_2018-01-05 14-52 Dow - Du
& 041 2018-01-05 15-27 Dow - Du

52,312

All charge related results in one clear table

Linear Regression [ Show [+] Show

5 5 5 - = 2
F[fak E{:;“dy”am'c Radius Diffusion Coefficient [10° m?/s] g?;t]r“phm“'m“b"'tﬂm M/ | Net Charge Zeta Potential [mV]

25,201 + 0,260 10,91 + 0,025 -2,9675 + 0,003 -00,54 + 2,85 -52,31 + 1,65

) 25,1 252 253 254 255 256
Full sequence of 20 runs imported in one st e
M Show M Show

|+ Diffusion Coefficient [107 m?/s] i’j’:)t]"’ph“’ﬁi‘ DRI | @ierea ZetaPotential [mV] | Show
7 7.91|-1,49 6,864 4198 0,1243 £ 0,0043 [¥] 1 [25.291 = 0,269 10,97 + 0,025 -2,9675 + 0,003 90,54+285  |-5231+ 165 [=]
7 7.91|-1,49 6,874 4222 0,1271 £ 0,0043 [=]
7 7.91|-1,49 6,841 4221 0,1184 + 0,0043 [=]
7 7.91|-1,49 6,858 427 0,1229 + 0,0043 [=]
7 7.90-1,49 6,835 4222 0,1167 = 0,0043 [=]
7 7.77]-0,09 6,694 2842 0,0790 + 0,0043 [=]
7 7.77]-0,09 6,684 2853 0,0762 + 0,0043 [=]
7 7.77]-0,09 6,693 2847 0,0783 + 0,0043 [=]
7 7.77]-0,09 6,727 2843 0,0873 £ 0,0043 [=]
7 7.77]-0,09 6,695 284 0,0790 + 0,0043 =

< > —

Superen GmbH - DEMO-LICENSE: NOT FOR RESALE | Advanced Mode
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AN .
Exosome and exomere isolation and
characterization

e RESOURCE
C-C“ blOlOgy https://doi.org/10.1038/541556-018-0040-4

Identification of distinct nanoparticles and
subsets of extracellular vesicles by asymmetric
flow field-flow fractionation

e Eclipse AF4 + fraction collector: Isolation of different exosome
subpopulations

e DAWN HELEOS MALS with embedded DLS: Identification by
Size
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AN .
|dentification: Radius by online DLS (low
sensitivity)
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Zhang, Haiying, et al. "ldentification of distinct nanoparticles and subsets of extracellular vesicles by asymmetric flow field-flow
fractionation." Nature cell biology (2018): 1. doi:10.1038/s41556-018-0040-4 AR WYATT
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|dentification: Radius by MALS
(low load, high sensitivity)

150.0
E1 00.0
=
(7))
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T
s
50.0
O'O_ 1 1 1 1
10.0 15.0 20.0 25.0
time (min)

e Size of all three subpopulations could be determined by online
MALS even at low peak concentration due to low loading.
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Quantitation: particle concentration by MALS
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e Both size and particle counts can be measured online by
Wyatt DAWN HELEOS MALS detector
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EAF4-MALS-DLS: advanced platform for exosome
and exomere isolation and characterization

e |solation and fraction collection by size
(Exo-S, Exo-L, exomeres)

e Online biophysical characterization:
— Size (Rg and Rh), shape

— Quantitative, high-resolution concentration
VS. size

— Charge & zeta potential
— Relative protein, lipid, RNA/DNA content
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summary

e The Wyatt Eclipse Flow-FFF system is a powerful tool to
characterize complex nanomaterials

e |tis based on efficient separation coupled to online molar
mass and size measurement with a Wyatt MALS detector

e Eclipse Mobility allows to determine charge and charge
distribution in complex samples

e The system is fully integrated with the new software VISION
and provides a seamless workflow from method development
to final result

* We have seen application examples for polymer latex, proteins
and exosome isolation and characterization
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Thank you for your attention

Questions?
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