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NextGenMicrofluidics (NGM)

« NGM is an Open Innovation Test Bed - 21 companies

* MIH acts as a single-entry point towards their combined technologies and
expertise

« worldwide biggest platform for upscaling and testing of microfluidic devices
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MIH Service Portfolio

Primary
Components

: Surface Electrodes Backend Read Out Device
Assay Design Manufacture : o . . QM
functionalisation Sensors Services System Integration
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Microfluidic Microfluidic
Chip Solution
= VD -immuno / nucleic acids
= Electrochemistry = Active & Passive Microfluidics *  Microfluidic control
=  Enzyme / substrate = Prototype to production = Electronics
= Cell manipulation and analysis =  From Milling over Inj. Mold to Roll-to-roll = Qptical / amperometric read-out
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Microfluidics — Value Chain
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WE DEVELOP AND PRODUCE
Microfiuidic Lab-on-a-Foil Systems

T 5. A

Single entry point to research & 'Compféhﬁgslve_,.~ Fasth;g;otyplng éﬁd - Multiple funding Quality
development services __service portfolio scale upi "™ . < opportunities assurance

Rl |
S>> 0w

We offer funding to scale up your application

v Open Call applications accepted on a rolling basis until September2023
v/ Access to all services of the EU Horizon Europe project NextGenMicrofluidics

v Funding rate of up to 92% for European SMEs and 50% for Large Enterprises

Microfluidics Innovation Hub is the single entry point of the European project NextGenMicrofluidcs (www.nextgenmicrofluidics.eu). NextGenMicrofluidics has received funding
from the European Union’s HORIZON 2020 research & innovation programme under grant agreement no. 862092.
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Functional nucleic acids: unleashing their
untapped potential in a diverse set of
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* Functional nucleic acids
 Categories and selection strategies
* Advantages over antibodies
 Current challenges and ways forward

* Applications of functional nucleic acids

 Applied Biophysics and Surface Science (ABISS) Group
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Functional nucleic acids
Categories and selection strategies




Functional nucleic acids

Lysine Riboswitch

Drawing inspiration from nature... Yitches
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Functional nucleic acids

’ Catalytic

Functional nucleic
acids

’ Non-catalytic

FMN L-glutamine

...going synthetic!
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Selection strategies

Random regions

[ I I |
| l
Constant regions

Coningand [TITIITIIT] )
Sequencing The last round Wt

g ol e m——
Standard SELEX workflow plification
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10" Random CE Separation
DNA Sequences

Selection strategies

Bound Unbound
<= Sequences Sequences

T
T

Some of the countless SELEX variants

&' [Prime binding site}— My —M— Ny, —{ Prime Binding site] 3
SELEX variant Description Wortiow

Magnetic bead-based SELEX Accelerate SELEX process by immobilizing targets on

magnetic beads
Capillary electrophoresis SELEX Neither the ligand nor the oligo library are immobilized
Cell-SELEX Whole cells employed as targets

Immobilize oligonucleotide library, while the ligand is in

Capture-SELEX solution

Sequencing across all the selection rounds rather than just

Next generation sequencing SELEX the last one
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Functional nucleic acids
Advantages over antibodies
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Advantages

Antibodies Aptamers
Affinity for ligand High High
High (?)

High
Wide

Selectivity for ligand
Range of target analytes Limited
Cost Expensive Cheap
Stability Low High
Not controlled Easy and highly
controlled

Are aptamers on a par to antibodies?
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Advantages (I)

Base complementarity allows self-organized networks to be formed

Target-responsive hydrogels
Low speed Medium speed High speed
B e —

Target concentration
Low : High

M PS-A wwAsasas PS-B AMAAMAA - Aptamer @  Target

Nat Commun. 2019 Mar 8;10(1):1036. doi: 10.1038/s41467-019-08952-1

A

Nat Rev Methods Primers 1, 13 (2021). https://doi.org/10.1038/s43586-020-00009-8

DNA origami

Template single-stranded DNA

Self-assembly

Unbound fraction

H
TOTITRONO, —
Aptamer duplex

Locked Opened

Nanomedicine: Nanotechnology, Biology and Medicine,
14,2018,1161-1168, https://doi.org/10.1016/j.nan0.2018.01.018.

= Microparticles

| Multivalancy
— Particles |
= DNA b P
Aggregated SONA N \'\/l/’_
R =
—

Dispersed e
00 B o 3 —%
00~ P o

> “

Temperature

/il

r

1pm |
i

Free energy

| = Repulsion -- Attraction |

Nature Reviews | Materials

Nat Rev Mater 1, 16008 (2016). https://doi.org/10.1038/natrevmats.2016.8
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Advantages (ll)

Unique interactions endowed by the vary nature of nucleic acids

= [Interactions with 2D and 3D nanomaterials, organic molecules

@@ NaCl @D

Aptzmer  AuNEs Red Iposaeve 5 — ;..; S ILD
Y LA SN \:%:' Targel :}1 P {54 i
(&4 e W . e e
‘\‘ o
W

Ligand l i T ’
Qdots-aptamer-GO
’U‘ NaCl y
+ — Nw M I ﬁ TRRdes l:'
®d i Aahl  Qdotsaptamer Arahi  Grapheneoxide  Glowing Qdots
® aptamer  conjugates

Biosensors and Bioelectronics, 85,2016, 649-656,
https://doi.org/10.1016/].bi0s.2016.05.072.

Microchim Acta 183, 1687-1697 (2016).
https://doi.org/10.1007/s00604-016-1798-3

e Groove binding
N
n
N,
I
N7/<INﬁ
NH 0 OH !\'H’
b DRAQS5 Hoechst 33342

Biochemical Society Transactions (2018) https://doi.org/10.1042/BST20170301

(A) -
Agt NaBH,
/\/\—> % \—> @ \

(B)

Pyrimidines Purines
o} NH; NH, 2
Hsc\[‘kNH N //,Nl/gN </Nj‘\)\NH
r;(l\\o \g’&o \2‘ N/) ;;1 N/)\NHZ
Thymine Cytosine Adenine Guanine

https://doi.org/10.1039/C6NR05872H
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Advantages (ll)

Signal generation or amplification made simple

. / / A\_A e (: ,_J’ _ ’ Q
g ¢ ? 2 /0 1)Circular DNA Q '
Debye z % gﬂé % % é % F 2) Target protein —
length Aptamer-coated 1) RCA
slide
[ -
2) AUNP probe
' ' 1) Silver j !
e & o | E e
FET l l l t d silver wiré enhancement ,
e e & Polysulfone Referencee\ectmde (coate! - 'EJEWH
High eurrent Low current membrane ———— —an
. dgo\dwire)
& = oo (insulate
10.1039/DOMAO00639D (Review Article) Mater. Adv., 2020, 1, 2663-2687 Chem. Commun., 2010,46, 6720-6722 https://doi.org/10.1039/C002078H
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W h at S th e ca tc h ] Global Aptamers Market is Expected to Account for Global Aptamers Market,

3
e

i
2

Number of publications

500 =

USD XX Million by 2028 By Regions, 2021 to 2028

B ~gotamer + Therapeutics

I 4ptamer + Drug Delivery

[ Aptamer + Diagnostics |
[ Aptamer + Biosensaor |
B Aotamer

2021 2022 2023 2024 2025 2026 2027 2028

OO

B North America M Europe M Asia Pacific W South America B Middle East and Africa

1980 2000 2008 2010 2015 2020
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Current challenges and ways forward




Limited possibilities
in a 4 letter language

Modified nucleotides
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Issues with SELEX

SELEX: choosing a library design

=

Chemicalnature ~  pna W
Modification site  Backbone

Source __Chemical synthesis

Randomregion ~ Continuous (J  Segmented

Y)
Randomization ~ Uniform V|
O

Secondary structure  No constraint

___RNA
Modificaton ~ Natural (J  Modified
%

_Base
_..Genome

Primer binding sites ~ Present v _ Primer-free
) _Doped

RORO0O00XO

Pre-structured

(T
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Trends in Analyrical Chemisery 146 (2022) 116450

Contents lists available at ScienceDirect

Trends in Analytical Chemistry

journal homepage: wwww.olsovier.com/locate/ trac

Critical evaluation of aptamer binding for biosensor designs”™

Yichen Zhao, Kayvan Yavari, Juewen Liu”

Peparmment of Chemistry, Warerlon Insrinire for Nanorechnology, Universiry of Waterfon, Warerlon, Onrario, N21. 31, Canada

ARTICLE INFO

Aracle nistory:
Available onhine 13 November 2021

[ mented for As(IID. ampicillin, chioramphenicol,
Aptamers fhtse papers are reviewed. and e binding az=ays Sre described. Which may provide possible
Dissociation constant Py 135 False positive aptamers, A cloction methods and typical ol
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Critical evaluation of aptamer binding for biosensor designs™

Yichen Zhao, Kayvan Yavari, Juewen Liu~

Pepartment of Chemistry, Warerlon Insinire for Nanorechnology, Universiry of Warerlon, Warerion, Onrario, N21. 31, Canada

ARTICLE INFO ABSTRACT
Articte history: Over the last three decades. numerous aptamer based biosensors have been reported. The basis of these

Available ouline 13 November 2021 Semsors i the selective binding of fargel analytes by aptamers. In the last fow years, 4 number of papers
have been published guestioning the binding ability of some pupular aptamcrs such as those docu-

Resrwords: mented for As(ll). ampicillin. chloramphenicol. isocarbophos. phorate and dopamine. In this article.
Aptamers these papers are reviewed. and the binding assays are described. which may provide possible reasons for
Dissociation constant obiaimng falve positive apiamers. Additionally, relevant aptamer seloetion methoads and fypical char

Riceensors

T ety acterization steps are described. It is found that for small molccular targets, using an innmobilized library

desizned controls to ensure th
tated nonbinding apiamers, Only then,

couent biosensor desizs
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© 2031 Elscvicr B, All rights reserved.

Paptamers, can sul

Validation of selected sequences

JAC'S

JOURKAL 01 THE AMUBICAN €HEMICAL SOUTETY

Pubsacs orglJACS | anice |

Do Aptamers Always Bind? The Need for a Multifaceted Analytical
Approach When Demonstrating Binding Affinity between Aptamer
and Low Molecular Weight Compounds

Fabio Bctt.arhv Elise Daf_-m::,v Anne-Mare de \"ries,v Pieter Van Wielendaele, Stanislav Trashin,
Ronny Blust, Frank Sobott, Annemieke Madder, José C. Martins,* and Karolien De Wael*

I: I Read Online

ACCESS | |l Metrics & More ‘ B8 Anicle Recommendations | @ Supporting Information

# J Cite This: | Am. Chem. Soc. 2020, 142, 19622-19630

ABSTRACT: In this manuscript, we compare different analytical methodologies to validate
or disprove the binding capabilities of aptamer sequences. This was prompted by the lack of a
universally accepted and robust quality control protocol for the characterization of aptamer
pecformances coupled with the observation of independent yet inconsistent data sets in the
literature. As an example, we chose three aptamers with a reported affinity in the nanomolar
range for ampicillin, a f-lactam antibiotic, used as biorecognition elements in several detection
strategies described in the literature. Application of a well- known colorimetric assay based on
aggregation of gold nanoparticles (AuNPs) yielded conflicting results with respect to the
onginal report. Therefore, ampicillin binding was evaluated in solution using isothermal
titration calorimetry (ITC), native nano-electrospray ionization mass spectrometry (native
nESL-MS), and 'H-nuclear magnetic resonance Spectroscopy ("H NMR). By coupling the
thermodynamic data obtained with I'TC with the structural information on the binding event
given by native nESLI-MS and 'H NMR we could verify that none of the ampicillin aptamers
show any specific binding with their intended target. The effect of AuNPs on the binding event was studied by both ITC and 'H
NMR, again without providing positive evidence of ampicillin binding. To validate the performance of our analytical approach, we
investigated two well-characterized aptamers for cocaine/quinine (MN4), chosen for its nanomolar range affinity, and -
argininamide (10LD) to show the versatility of our approach. The results clearly indicate the need for a multifaceted analytical
approach, to unequivocally establish the actual detection potential and performance of aptamers aimed at small organic molecules.

TH-NMR

Binding ?
Native
ESI-MS

B INTRODUCTION

Aptamers are short single strands of DNA or RNA that factors have been put forward to explain why aptamers have
recognize with high affinity a given target against which they not yet penetrated the market:'” one of the main reasons can

remain to be faced before this can be achieved. A variety of

are selected. Aptamers were first obtained in the 1990s'
following a procedure called SELEX (systematic evolution of
ligands by exponential enrichment). From the beginning, they
were curmdum! a leap forward in many am]yln.zl and
biomedical appl Indeed, affer c N
advantages over traditional molecular biorecognition :]em:nl;
such as antibodies or enzymes, including stability over a wider

be identified as the so-called “thrombin problem”. Indeed,
rather than devel g assays for more clinically relevant
targets, hundreds of investigators continue to focus their

ttention on perfecting thrombin-binding aptamers or design-
ing clever detection strategies for this target. The same can be
said to a lesser extent for cocaine-binding aptamers in the field

Microfluidics

InnovationHu



Validation of selected sequences

1 Canr._lidate 2. Tru'nc_atio_n S Charactoation 4. Fu_ncti_onal
screening & optimization validation
Reduce the number of Determine minimal Determine the Kp, Assess the robustness of the
Costs Speed Amount of User-friendliness Method | putative aptamer sequences binding sequence selectivity and other aptamer for use in different
sample milestones | fom SELEX from hundreds parameters application platforms
to ~3 candidates
ITC €€€ F3 4440 T eT
. Important 1. High-throughput 1. High-throughput 1. Quantitative 1. Validate function with at least two
Native (IM-)MS €EE€EE FFFFF 'Y TeEeSe passay 2. Cost-effective 2. Cost-effective 2. Precise separate methods
" ; 3. Provides insight about 3. Measurement of 2. Determine functionality in solution
Electrochemical techniques € FFFFF ¢ TeE considerations structure or important multiple parameters in and immobilized
Fluorescent-based techniques 33 .ae _;e _?! 4 ?3’ binding residues parallel 3. Does not need to be quantitative
MST €€€ 3333 ¢ TeT 1. Fluorescence 1. DNase Assay 1.SPR Choose at least f assay from group not used
. Polarization (FP) 2.FP 2.FP Instep3
sPR| €E€EE 333 4 ®®® | Assayoptions | ; svarcreen(sc) 3.56 3. Equil dialysis ool o
(ascendingorder) | 3. AuNP Assay 4. Affinity Chrom. 4.5G FP, Equil. !.JIELYSIS, 56, Aﬁllnlty
SERS €€€ FFr3rrs YY) 321 4. Affinity Chrom. (beads) (beads) 5. Affinity Chrom. Chrom. (either), Ultrafiltration, DNase
Qcm €€EE PrYY o = 5.8PR 5. 8PR (beads) ggs’Tur;(;t;mzed!cnnstramed
NMR spectroscopy | €EEEE >33 YYYY TeTE
X-ray crystallograph €EEEE TEEET
ey 9Py ¥ d4dd it DOI: 10.1021/acs.analchem.5b02102
() €€ F3rrrs YYY) 3 Anal. Chem. 2015, 87, 8608-8612

saxs | E€EEE 77 406 |ETEEEE
Trends in Analytical Chemistry 142 (2021) 116311
https://doi.org/10.1016/j.trac.2021.116311

Microfluidics

InnovationHub



5 uM OTA aptamer in 20 mM Tris with 200 mM NacCl, 100
mM KCl and 5 mM MgCl,, pH 7.5

Buffer optimization )
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5 uM OTA aptamer in 20 mM Tris with 200 mM NaCl and
100 mM KCl, pH 7.5
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Post-SELEX sequence optimization

Rational design of aptamers and assays
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Functional nucleic acids
Applications of functional nucleic acids




Applications

Get your aptamer right!!!

Design your assay smartly!!!

|

Cancer cells

AR

Biological
molecules

3-\c>s.ensin.9

Aptamer-
~ integrated DNA
%’- . Nanostructures

Cell imaging

Immuno-
therapy

PDT
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Applied Biophysics and Surface Science (ABISS) Group




Biomedical Research Foundation
Academy of Athens

p—

OUR LAB
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Applied Biophysics and Surface Science (ABISS) Group
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Accelerate your Microfluidic Innovation

Addresses companies — SMEs and LEs

Access to all services of the NGM OITB - min 2 partners involved
Budget up to EUR 200.000

Duration: 6 to 12 months

Funding rate of up to 92% and 50% for European SMEs and Large
Enterprises respectively

Technology Readiness Level > 4 or Microfluidic System available
Managed & coordinated by the MIH

Details see: www.nextgenmicrofluidics.eu/open-call/

Open Call
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WE DEVELOP AND PRODUCE
CUSTOMIZED

Microfluidic Lab-on-a-Foil Systems
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Single entrypoint to research & Comprehenéivé Fast prototyping and‘ _ Multiple funding =~ . 0 “Quality
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Find out more at https:/www.microfiuidicshub.cu

Microfluidics Innovation Hub is the single entry point of the European project NextGenMicrofluidcs (www.nextgenmicrofluidics.eu). NextGenMicrofluidics has received funding
from the European Union’s HORIZON 2020 research & innovation programme under grant agreement no. 862092.




