FRIEORICH AL EXANDEF P-05 Free flow electrophoresis setup and experimental workflow for  separating human
plasma-derived proteins and extracellular vesicles

— —_—"— ERLANGEHW-NURHEERG
FACULTY OF MECICINE

Miriam Zentgrafl, Simon Staubach?, Jan van Deun?, Markart Meckel3, Johann Bauer?, Gerhard Weber3, Bernd Giebel?, Andreas Baur?
Universitatsklinikum IFriedrich-Alexander University Erlangen-Niirnberg and University Hospital Erlangen, Department of Dermatology, Erlangen, Germany
Erlangen 2 Institute for Transfusion Medicine, University Hospital Essen, University of Duisburg-Essen, Essen, Germany

3FFE Service GmbH, Feldkirchen, Germany,

4SiHaTho GmbH, Biedenkopf, Germany

1. Introduction 2. Methods
Free flow electrophoresis (FFE) is applied for the separation of complex mixtures of proteins or/and small Prior to any kind of FFE experiment pH and conductivity of all separation media are carefully adjusted. Then
particles based on their different surface charges. It is performed while specimens are flowing in a fluid the laminar flow of applied media and samples is tested to confirm the quality of discrimination of ionic
lacking stabilizers like a gel or matrix. Therefore, it needs careful preparation of the device and the fluids as analytes. Subsequently, formation of a pH gradient is tested before running a pooled human plasma sample
well as thorough examination of the interplay of device and fluids. in order to see the quality of electrophoretic separation.
Here we describe set up and workflow which enables an FFE to separate different proteins and extracellular After passing all tests, the FFE instrument can be used for separating complex protein mixtures from many
vesicles (EVs) together present in a human fluid. The ultimate goal of this FFE preparation is to apply it different kinds of human samples which contain EVs in addition to soluble proteins.
successfully for characterization and separation of EV subpopulations. To work for this project it is important If SP 1 is performed, three to four separation media with larger pH differences are used for separation and
to get as large quantities of fractionated EVs as are required to carry out Western Blot (WB) analyzes. We FFE-fractions, containing the analytes, are collected in 30 wells of a 96-microtiterplate (MTP-96).
chose the FFE regime of free flow zone electrophoresis through a pH gradient (FF-ZE-pH) and tested two If SP 2 is performed, six to seven separation media with smaller pH differences are used for separation and
separation protocols (SP 1 and SP 2) in regard to their advantages and disadvantages. FFE-fractions, containing the analytes, are collected in 70 wells of an MTP-96.
3. Results
Set up and tests Separation protocol 1 (SP 1) Separation protocol 2 (SP 2) Result
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1. Introduction

In the study described here it is of interest to see whether FFE and its separation protocols can be applied to
separate different proteins and extracellular vesicles (EVs) present together in plasma of melanoma patients.
In this context enrichment of EVs is of special interest. As shown in earlier studies (see presentations P01-P04)
a successful sub-fractionation of exosomes included in human plasma could be proved with the help of AMNIS
technology. However, for profound identification and investigation of melanoma specific EVs circulating in the
plasma of melanoma patients further analytical methods need to be applied. Amongst them are methods
targeting defined proteins of EVs with antibodies. One of such methods is Western blotting (WB). WB is
applied to detect proteins of interest within a great number of different proteins. This means that applying WB
can unveil whether EV specific proteins surrounded by a great amount of soluble plasma proteins are sub-
fractionated when plasma of melanoma patients is electrophoresed.

The problem of searching EV bound proteins by WB, however, is that much larger quantities of separated EVs

in each fraction are needed as compared to AMNIS.

2. Methods

To collect quantities of EV bound proteins in the various FFE fractions which are large enough for WB, we
extended the time period of separation in a way that allows increase of FFE throughput without attenuation of
separation accuracy. If separation time is prolongated, it is important to make sure that the whole procedure
remains stable over a time of at least 1 hour. This means that pherograms recorded at the begin and the end of
a separation experiment must be identical.

Applying FFE protocol SP 1, when three to four separation media with larger pH steps were used, the fastest
plasma proteins migrate within 1.5 minutes of electrophoresis-separation time over less than 50 % of the
separation area and focus.

Applying FFE protocol SP 2, when six to seven separation media with smaller pH steps were used the fastest
plasma proteins migrate within 5 minutes of FFE separation time over the whole separation area before they

focus.
In order to increase the throughput the time period of separation was extended for SP1 and SP2.

Separation protocol 1 2. Results Separation protocol 2
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4. Conclusion and Outlook

Even if the time period of separation is extended for more than an hour, protein pherograms recorded at the

begin and the end of the experiment are equal. This is an indicator for the quality of subfractionation of EVs.
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1. Introduction

A preliminary photometrical evaluation of FFE separation fractions displays differences in charge density of

plasma proteins. A subsequent imaging flow cytometry (AMNIS) analysis of particular components in each
well combines the charge densities of plasma proteins with knowledge about the differences in charge
density of EVs.

In the plasma of many patients suffering melanoma cancer EV levels are considerably upregulated. These EVs
can contain a diverse array of factors to affect target cells and disease development. Detection and analysis of
EVs with the help of FFE provide potential prognostic biomarkers of great importance.

Here we compare the two standard protocols SP 1 and SP 2 for continuous FF-ZE-pH processing looking
whether they are applicable for investigation of EVs from plasma of a melanoma patient by further

examination, especially by WB.

2. Methods

Plasma samples from melanoma patients comprising soluble proteins and EVs were separated by FF-ZE-pH
according to the two different protocols SP 1 and SP2. Both, soluble proteins and EVs together were
separated according to their different charge surface densities and the various fractions were collected in
different cavities of 96-deep-well plates.

The total collection time of separated plasma in a 96 deep well plate was about 20 min if SP 1 was applied
and about 1 h in case of SP 2 use.

Antibodies against EV specific antigens were then used to examine fractions of interest via imaging flow

cytometry analysis and Western blot method.

3. Results
Western Blot analysis Separation protocol 1 (SP 1) Separation protocol 2 (SP 2) Result
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constricting the fluids of each fraction to a
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to SDS gel electrophoresis and wet electro-
blotting (WB) was performed for qualitative
protein transfers over a broad molecular
weight range.

Then anti-CD63 and anti-CD9 antibodies

were used for EV-marker detection .

40-50 kDa b.

4. Conclusion and Outlook

Western blot analysis revealed CD63 and
CD9 antigens on control EVs (EV control)
as well as in separated pools of FFE
fractions. Only pool 3 was positive for
CD63, if melanoma plasma fractionated
according to FFE SP 1 was analyzed.

Pool 2 showed an unspecific signal,

whereas in pool 4 CD63 and CD9 antigens
40-50 kDa ’ P 5

were detected, if melanoma plasma

fractionated according to FFE SP 2 was
20-25 kDa P

analysed.
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