A Novel Micro Free-Flow Electrophoresis
3D printed Lab on a Chip for exosomes
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Research context and motivation Novel contributions

* Exosomes (30-150 nm) are nanosized lipid vesicles, containing DNA, mRNA, ||« pFFE Fabrication Process
mMiRNA, lipids and short-chain peptides, secreted in the extracellular environment by

different type of cells.
* They play a fundamental role in the - e

intercellular communlcatlon., thqs exosomes B 3D Printed Microfiuidic [l PMMA Cover @ Stainless Steel Electrode
can be evaluated as potential biomarkes for
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non invasive disease diagnosis, prognosisand , | <& @ mmmer S The bottom of the uFFE device is obtained starting from a stereolithographic (STL) file by PolyJet 3D
therapy. oy &"5" Printing (Objet 30) using the Verowhiteplus RGD835 resin. The top of the device consists of a slice of
- To date, exosomes separation technologies “:m %%%na;, o PMMA 750 um thick, where inlets and outlets have been milled through a CNC milling machine. The 3D

(ultracentrifugation-based, size-based, gemmsy “5%— | printed partis sealed with the PMMA cover exploiting a thermal process using PEGDA 575 with 1 %
immuno-affinity capture-based and exosomes, ._.[ ﬁé@ IRGA CURE 819. The PEGDA resin is placed along the external channel around the device and then it
precipitation-based) from complex biological is left one hour on a hot plate at 70 °C. Finally, stainless steel wire electrodes are manually inserted in
fluids are time-consuming, laborious with low - il the lateral channels.
purity efficiency. — . :

. , MFFE Bonding
A Lab-on-c?p (LOlC) .aplpr(:sch lc.;olu ldl ofter t.Sevelr\j. adf\llqgftag:s T[O the Selpzjaral’ron ff Leakage tests are performed by filling the device with orange
eX0S0Mes 10T analysis I e clinical practice. WICIOTIUICIC devices WOUIG: allow 107/ 4,4 dye. A uniform and irreversible bonding is then verified.
integrate in a cost-effective way a whole analytical process reducing its complexity,
time of analysis, sample and reagents volumes.

Addressed research questions/problems

e QOur goal is to develop a Lab-On-Chip device based on Micro Free-Flow Application
Electrophoresis approach in order to achieve a rapid and accurate exosome | BN '
isolation through a simple sample preparation and simple fabrication process.

Analyte Injection Electric Field Dyes separation * Dyes Separation test

HEPES 20 mM (pH 7) as buffer solution
and Loading Buffer 6X as analyte solution
have been pumped into the device using a
syringe pump at 2 yL/min and 1 pL/min
respectively. By applying 200 V at the
electrodes for 3 minutes, it has been
possible to observe the separation
between the different dyes into the main
chamber.

* Field Flow Electrophoresis (FFE) is a
continuous, analytical  separation
technique used to separate a flowing
stream of analytes, according to size
and charge. A thin sample stream Is
introduced into a planar separation
channel with buffer running in parallel.

An electric  field is applied||» Exosomes Separation Test
perpendicularly across the separation || Exosomes collected from Fetal Bovine Serum are separated in the device main chamber by setting 1 V

channel, and charged analytes are|| at the electrodes for 2 minutes.
deflected laterally based on their

electrophoretic mobility.

* The device dimensions are Feature | Dimensions [mm]_
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Nanoparticle Tracking Analysis (NTA)
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& | Electrodes channels /inlet  Width 0.5
2 Inlet/Outlet diameter 3.20 .
* Design a new enhanced geometry
 Test the yFFE device for the separation of exosomes from different biological fluids
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