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Biosensors Advantages

Biosensors

* Fast
Cheap
Sensitive
Selective

* Simple
* Analysis in the field

* Time consuming
e Not suitable for routine
testing

Conventional Techniques

Can not be applied for on site
analysis

* Expensive

* Trained personal

_/ Paper-based analytical devices (PADs) /
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&> Generalities about molecularly imprinted polymers (MIPs)

& Recent applications of sensors based on MIPs



Introduction

Molecularly imprinted polymers, MIPs, are best
described as synthetic analogues to the natural,
biological antibody-antigen systems. As such, they
operate by a “lock and key" mechanism to selectively
bind the molecule with which they were templated

during production.
Chem. Rev. 2019, 119, 94-119
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Generalities about MIPs
Components of MIPs

Initiator: Initiate the polymerization

H
N> i\:<CH3

H.C
>~ CH,

Azobisisobutyronitrile (AIBN)

Functional monomer: The choice of functional
monomers will determine the structure of the
recognition site and the concentration will
influence the number of binding sites

O

H>C OH

CHj;

Methacrylic acid



Generalities about MIPs
Components of MIPs

Cross-linker: According to Cormack and Elorza [1] the cross-linker used to obtain a MIP has
three main roles: (i) the cross-linker is important in controlling the morphology of the

polymer matrix (gel-type, macroporous or a microgel), (ii) it serves to stabilize the imprinted
binding site and (iii) it imparts mechanical stability to the polymer matrix.

CHs; O
O CH
HZC)\”/ \/\O).Lf 2
O CHs;

Ethylene glycol dimethacrylate

[1] Cormack, P.A.G. and Elorza, A.Z., Molecularly imprinted polymers: synthesis and characterisation. Journal of

Chromatography B-Analytical Technologies in the Biomedical and Life Sciences, 2004. 804(1): p. 173-182 DOl
10.1016/j.jchromb.2004.02.013.



Generalities about MIPs
Components of MIPs

Porogen solvent: The solvent is part of the medium where the polymerization is carried out.
Because of the creation of pores in macroporous polymers, it is common to refer to the solvent as

the "porogen”

Acetonitrile
Toluene
Chloroforme
DMSO
DMF
Ethanol
Methanol




Generalities about MIPs
Components of MIPs

Template: The template should ideally be chemically inert under the polymerization conditions and

stable under the synthesis conditions

Ton Organic Molecule Protein

Bacteria

Label-free electrochemical sensor based on spore-

Imprinted polymer for Bacillus cereus spore detection
11

Sensors and Actuators B: Chemical, 2018, 276, 114-120



https://www.sciencedirect.com/science/journal/09254005
https://www.sciencedirect.com/science/journal/09254005/276/supp/C

Self-assembly step Polymerization Extraction

MIP
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Soxhlet extractor

General procedure of preparation of MIP composites using the
conventional technique of thermal heating



Electropolymerization on surface of electrode

MIP At . s MIP

Re-binding template

Transducer Transducer

Recognition site
0 Targeted analyte (template)

% Nanomaterials

Schematic representation of the preparation of electrochemical sensors based on MIPs and
nanomaterials

Electropolymerization can be achieved through a variety of electrochemical
technigues, namely, voltammetric, potentiostatic, and galvanostatic.



Generalities about MIPs
Application of MIPs
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Generalities about MIPs

Advantages

Higher physical robustness

Not sourced from animals

Resistance to elevated temperature and pressure
Inertness towards acids, bases, metal ions and
organic solvents

Less expensive to be synthesized

Long storage life of the polymers compared to

natural receptors

Drawbacks

Long time required for development and
optimization

No mass production of sensors modified
with MIPs is available !!!

Require of non-negligible amount of the
target analyte during the MIP preparation
Deterioration of the recognition sites
during the target analyte step removal.
Regeneration of the sensors in some cases
is still difficult.

Residual analyte at trace level still
captured to the MIP cavities during the

15

preparation of imprinted polymer



MIP: Molecularly Imprinted Polymer-Decorated
Magnetite Nanoparticle for 17-p-estradiol Detection

16



MagMIP for 17-B-estradiol

17-B-estradiol
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The synthesis and characterization of a magnetic molecularly imprinted
polymer (Fe;O,-MIP) for 17-B-estradiol determination

Development of an electrochemical sensor based on Magnetic MIPs for
the detection of 17-B-estradiol in water samples.
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I/ pA

. Magnetite nanoparticles
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Sensors and Actuators B: Chemical 241 (2017): 698-705



Synthesis of magnetite nanoparticles

a YN

Mixture oxidation of Addition of

under nitrogen

conditions

Separation of by an
external magnet

2 FeCl, + FeCl, + 4 H,0 + 8 NH, - Fe,0, + 8 NH,Cl [

Dried at
45°C

Anal. Chem. 2008, 80, 2250-2254
J. Chromatogr., A 2009, 1216, 3710-3719

Final magnetite Product
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Sensitivity Selectivity
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Conclusions

A novel electrochemical sensor based on Fe,0,-MIP/SPCE was developed and used for the electrochemical

detection of 17-B-estradiol.

Wide linear range from 0.05 to 10 uM and a high selectivity and sensitivity towards 17-B-E2 and was successfully

applied for its determination of in river water samples showing a satisfactory results

Sensors and Actuators B: Chemical
Wolume 241, 31 March 2017, Pages 693705
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Synthesis and electrochemical characterization of
nanostructured magnetic molecularly imprinted polymers for
17-p-Estradiol determination
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MIP: Ultrasound Assisted Mag-MIP combined sensor for
selective and sensitive detection of Bisphenol A

22



Basic principle of the proposed analytical method

Schematic illustration of the developed analytical procedure

23



Ultrasound Assisted Mag-MIP combined sensor for selective and sensitive detection of Bisphenol A

20 —0.07pM 1
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Ultrasound Assisted Mag-MIP combined sensor for selective and sensitive detection

of Bisphenol A

MIP synthesis in 24h MIP synthesisin 2 h

25



Sensors & Actuators: B. Chemical 276 (2018) 304-312
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Ultrasound assisted magnetic imprinted polymer combined sensor based on | W

* * & * M
carbon black and gold nanoparticles for selective and sensitive ey
electrochemical detection of Bisphenol A

. b o a .. . b : . a.
Najib Ben Messaoud ', Abdellatif Ait Lahcen™, Chérif Dridi™", Aziz Amine”
* Lobormtoire Gémie des Procédés & Emdronnement, Foculté des Scisnces ef Techmigues, Howsan [T University of Cosoblomce, B.P. T46, Mohommedio, Morocco
" NANOMISENE Lab, LEI6CEMNDT, Centre for Research on Microstectranics and Nanotechnalogy CRMN of Technopark of Sousse B P 334, Sohioul 4054, Sousce,
Tumizio
ARTICLE INFO ABSTRACT
Keywords: Sample preparation is considered as one of the most interesting applications of magnetic molecularly imprinted
Eisphenol A polymer (MagMIP) used as adsorbents for varicus compounds prior to their determination using the developed
Eheeinochemlcal domper analytical techniques. In this context, we present in this paper a developed Ultrasound-assisted magnetic mo-
1_"““‘1"”‘“‘“5 Abgighen] Dicgnetic slecutaty lecularly imprinted polymer (US-MagMIP) combined to an electrochemical semsor modified with a nano-
E‘l’:ﬁd P"::‘;’:: composite of carbon black nanoparticles (CBNPs), and Gold nanoparticles (AuNPs) for highly selective and
Eubnn'hlﬂnmmpﬂrlidu gensitive detection of Bisphenol A (BPA). The elecirochemical characterization of the developed sensor was

investigated by electrochemical impedance spectroscopy and cyclic voltammetry. Various parameters were
optimized such as the effect of voltammetric mode, the effect of pH, the amount of US-MagMIP and the rebinding
time. The electrochemical sensor exhibits a high sensitivity for BPA with a LOD of 8.8 nM with a wide linear
range from 0.0F pM to 10 pM. Moreover, this sensor provides a high selectivity towards various likely inter-
ferents by combination with US-MagMIP prior to analysis. The developed analytical approach was applied 26



MIP: Fast route for the synthesis of decorated nanostructured
maghetic MIPs using an ultrasound probe
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Fast route for the synthesis of decorated nanostructured magnetic H“; IFST \;%
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Thermal heating 24h Ultrasound assisted in Ultrasound probe assisted
bath 2 h few minutes

Decreasing MIP synthesis time 28



Fast route for the synthesis of decorated nanostructured magnetic
MIPs using an ultrasound probe

Ultrasound probe Ultrasound probe

ﬂl“ Thermal heating 24h

Synthesis of MIPs __ |“ Ultrasound bath 2h
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Fast route for the synthesis of decorated nanostructured magnetic
molecularly imprinted polymers using an ultrasound probe

Abdellatif Ait Lahcen™", Juan José Garcia-Guzman®, Jose Maria Palacios-Santander™”,
Laura Cubillana-Aguilera®, Aziz Amine"*
“ Instinte of Research on Electron Microscopy and Materials (IMEYMAT), Department of Analytical Chemistry, Faculty of Sciences, Campus de Excelencio Internacional

del Mar (CEIMAR), University of Cadiz, Campus Universitario de Puerto Real, Poligono del Rio San Pedro 5/, Puerto Real, Cddiz 11510, Spain
" Laboratoire Génie des Procédés & Envirennement, Foculté des Sciences et Technigues, Hassan IT University of Casablonca, B.P. 146. Mohommedia, Morocco

ARTICLE INFO ABSTRACT
Keywords: In this paper, we report for the first time a novel, simple and fast method for the synthesis of magnetic mole-
High-energy nltrasound probe cularly imprinted polymers (Mag-MIPs) based on high-energy ultrasound probe. Sulfamethoxazole (SMX) was

Magnetic molecularly imprinted polymer
Electrochemical detection

Sultonamides

Magnetic nanoparticles

used as template molecule, methacrylic acid as functional monomer, ethylene glycole dimethacrylate as cross-
linking agent and magnetic nanoparticles (NPs) as the supporting core. The effects of time (5, 7.5 and 10 min)
and the applied amplitude (20, 30, 40, 50 and 60%) using the ulirasound probe for the synthesis of Mag-MIPs
were studied and optimized. By applying the proposed synthesis method, the Us-maghIPs synthesis time was
satisfactorily reduced from several hours to a few minutes (7.5 min) in a simple way. For comparison purposes,
the Mag-MIP and the non imprinted polymer (MagNIP) were also synthesized employing an ultrasound bath
assisted approach (2 h, 657°C).

Magnetic NPs and US-maghIPs synthesized by both ways were investigated by means of several character-

30



MIP: Study of solvent effect on the synthesis of nanostructured
magnetic MIPs based on ultrasound probe: application for
sulfonamide detection

31



Power / W

Study of solvent effect on the synthesis of nanostructured magnetic MIPs based
on ultrasound probe: application for sulfonamide detection
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Study of solvent effect on the synthesis of nanostructured magnetic MIPs based
on ultrasound probe: application for sulfonamide detection

Fes04 Fe:04-0A Fe304-0A-SDS ' ﬂ
AddOA Add SDS ;;:| &3
. Ferrofluid \
Ultrasound bath rrasound bath solution |
;G N Remove
~‘ | - | Ultrasound probe ‘ template
- .’ !
Add APS
MMmIP
Add EGDMA
MAA t Template + Porogen 501Vent ey Pre-polymerization ==
o solution

Synthesis of magnetic molecularly imprinted polymers based on ultrasound probe (MAA: Methacrylic
acid, OA: Oleic acid, SDS: Sodium dodecyl sulfate, EGDMA: Ethylene glycol dimethacrylate, RT:
Room temperature).
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Study of solvent effect on the synthesis of nanostructured magnetic MIPs based
on ultrasound probe: application for sulfonamide detection

Selectivity of MMIP-DMSO, MMIP-DMF and MMIP-
ethanol for different analytes.

SMX

SMR

SDZ

SCT

34



Ultrasonics - Sonochemistry 58 (2019) 104670
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Study of solvent effect on the synthesis of magnetic molecularly imprinted | )

Tor

polymers based on ultrasound probe: Application for sulfonamide detection | %=

Abderrahman Lamaoui®®, Abdellatif Ait Lahcen™®, Juan José Garcia-Guzman®,
José Maria Palacios-Santander™, Laura Cubillana-Aguilera®, Aziz Amine™"

2 Institute of Research on Electron Microscopy and Materials (TMEYMAT), Deparmment of Analytical Chemistry, Faculty of Sciences, Campus de Excelencia Internacional
del Mar (CEIMAR), University of Cadiz, Campus Universitario de Puerto Real, Polizono del Rio San Pedro 5/N, 11510 Puerto Real, Cddiz, Spain
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ARTICLEINFO ABSTRACT

Keywords: In this work, a comparative study of the effect of various solvents on the synthesis of magnetic molecularly
High-power ultrasound probe imprinted polymers (MMIPs) based on the use of high-power ultrasound probe is reported for the first time.
Organic solvents Dimethylsulfoxide (DMSO), dimethylformamide (DMEF), ethanol, acetonitrile and acetons were studied as sol-
Nanostructured magnetic molecularly vents for the synthesis of MMIPs. Several crucial experimental conditions such as the time of synthesis and the
imprinted polymer applied amplitude were investigated. DMSO, DMF and ethanol were successfully used for ultrasound-assisted

Solid-phase extraction
Spectrophotometry
Sulfonamide in tap and mineral water

synthesis of MMIPs. However, for the polvmerization performed using acetonitrile and acetone, no significant
conversion to product was observed. Under optimal conditions for each solvent tested, the synthesized MMIPs
were characterized using several techniques such as Scanning/Transmission Electron Microscopy (SEM and
STEM modes), X-Ray Diffraction, Fourier Transform Infra-Red Spectroscopy, Thermal Gravimetric Analysis and
Vibrating Sample Magnetometer system. The study of adsorption time of MMIPs showed that fast adsorption
occurred due to the presence of specific imprinted sites on the surface. Moreover, isotherm study showed that the
experimental equilibrium data fitted well with Freundlich model. The results of selectivity study indicated that

35



MIP: Spore-Imprinted Polymer based sensor for Bacillus cereus Spores Detection



Spore-Imprinted Polymer based sensor for Bacillus cereus Spores Detection

Electrosynthesis of MIPs

O Application of a suitable potential or

range of potentials to a solution Bacillus

B. anthracis: anthrax of the animals and humans.

containing the template with the B. cereus: food poisoning; opportunistic infections.

monomer, originating a film formation Moiohelaayan PhvElalan
on the surface of the electrode Aerobic or facultatively anaerobic.

Large gram-positive rods, have

Adjusting the electrochemical conditions square ends, arranged in long

such as potential range, number of chains.
Spore is located in the center of
cycles and scan rate) the el

Most are saprophytic (soil, water,
air, and on vegetation.)

No initiator is required, nor UV light or

heat.

UNIVERSIT degli STUDI i ROMA DE MOHAMMED!A
TOR VERGATA UNIVERSITE HASSAN Il DE CASABLANCA
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Spore-Imprinted Polymer based sensor for Bacillus cereus Spores Detection

Schematic illustration

Electropolymerization
of Pyrrole + B.

Cereus
CPE
—— Signal after removing B.Cereus spores } Al

—— Signal after binding B.Cereus spores

:[50 pA

- Polypyrrole film

- B. Cereus

Removal of bacterial
spores

¢

Binding bacterial
spores

)
e

spores 04 02 0.0 0.2 0.4 0.6

E/V

Preparation of the electrode modified with spore-imprinted polymer for the determination of B. cereus
spores. The proposed sensing system operates via CV.
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Label-free electrochemical sensor based on spore-imprinted polymer for )
Bacillus cereus spore detection ey
Abdellatif Ait Lahcen®, Fabiana Arduini™, Florigio Lista“, Aziz Amine™"

* Laboratodre Crénle des Procddds & Emvironnement, Facultd des Sciences ef Technigues, Hassan II University of Casablonca, B.P. 146, Mohammedia, Moroceo

b Nepartment of Chemical Science and Technologies, University of Bome Tor Verpata, Vie della Ricerca Scientfce, Rome, 00133, fraly

© Army Medical Center, Scientific Department, Via 5. Stefano Rotonda, 00184, Rome, laly

ARTICLE INFO ABSTRACT

Keywords: Herein, we report a simple, cost-effective, selective, and rapid electrochemical sensor for Bacillus cereus spore
Carbon paste electrade detection, used as simulant for Bocillus anthracis spores. The sensor was developed using carbon paste electrode
Polypyrrole functionalized with imprinted polymer, fabricated by pyrrole electropolymerization in presence of a known

Cyelie voltammetry
Bacillis andracis spores siemulant
Biological warfare agents

amount of spores as template onto the surface of working electrochemical sensor. The measurement en-

compasses the cyclic voltammetry as technique and [Fe{CN)s]*™"*~ as redox probe for electrochemical mea-

surements. The effect of ultrasonication and surfactants with positive, negative and neutral charge on template
removal was investigated. Several parameters including the concentration of monomer, the number of scans, the
type and the concentration of removal agent, and the incubation time were optimized. The carbon paste elec-
trode modified with spore-imprinted polymer (CPE/SIP) exhibited a sood affinity and selectivity towards




MIP : Acetazolamide
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Colour Intensity
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Acetazolamide smartphone-based detection
via its competition with sulfamethoxazole on

molecularly imprinted polymer: A proof-of-
concept

Khadija Karim, Abderrahman Lamaoui, Aziz Amine & B



PAD-MIP: SMX
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Molecularly imprinted polymer integrated into
paper-based analytical device for smartphone-
based detection: Application for sulfamethoxazole

Abderrahman Lamaoui A B, Abdelhafid Karrat, Aziz Amine & E
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Approach, results and discussion
» Colorimetric detection based on smartphone
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» Analytical performance and real-world application
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PAD-MIP: Bisphenol A



(A) MIP-PAD preparation

(B) BPA detection
100 L BPA %\ 10 L Buffer @ /O I S
‘ [/ \

@

< 1)

Schematic illustration of MIP-PAD preparation and smartphone BPA detection
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Mechanism of the coupling reaction between BPA and the diazonium salt of sulfamethoxazole.



Smartphone detection of BPA using MIP-PAD, NIP-PAD, and PAD
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Pre-concentration procedure for BPA trace determination.
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Advanced molecularly imprinted polymer-

based paper analytical device for selective and
sensitive detection of Bisphenol-A in water
samples
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