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Electrochemical biosensors

Examples of enzyme biosensors
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Amperometric biosensor of methamidophos

Mono-enzymatic biosensor with acetylthiocholine (ATCh) as substrate
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- Amperometric detection of thiocholine (TCh) at 450 mV
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Enzymatic biosensor for blood glucose assay

Diabetes is a disease that affects a high number of people in the western world

Endocrine disease; glucose metabolism issue; results in high blood sugar levels which in turn
results in other serious pathologies

Importance of blood sugar monitoring to optimize treatment

Self-control of blood sugar level by the patient with a simple device (« point-of-care testing »)



Assay of blood glucose by amperometric biosensor

ExacTech (Medisense) was marketed in

1987 on the basis of a work published Calibration curve
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in the scientific literature in 1984
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Commercial devices

Lifescan OneTouch Accu-chek Aviva (Roche)
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1 ul sample of total blood

Measurement fime 5 s enzyme = glucose-1-dehydrogenase

Range : 20 - 600 mg/dlI cofactor = PQQ (pyroquinoline quinone)
0.5 ul sample of total blood
Measurement time 5 s
range: 10 - 600 mg/d|
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Optical biosensors

Examples of genosensors
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Genosensors

Association (=hybridization) between capture ODN probe (= bioreceptor) immobilised
on the transducer and target DNA (= analyte)
Specificity brought by base complementarity
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DNA chips (gene chips)

Solid support (glass or silicon) covered with DNA Pk
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Capture DNA sequences are spotted on the solid

support or synthesized directly on the support (glass
or silicon)

Up to 1 million different capture probes on each chip
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https://www.youtube.com/watch?v=eSr5CxAdiww

DNA samples

* DNA extraction from cell samples

* MmRNA extraction and inverse transcription with reverse transcriptase and dNTP -> cDNA

* Polymerase chain reaction (PCR) : amplification of DNA fragments

Mixture of DNA polymerase + dNTP + sense and
anti-sense primers; denaturation cycles, primer
annealing and extension

One of the strands can be preferentially amplified
by asymmetric PCR (by playing on the relative
proportion of the 2 primers)

Probes (labels) can be introduced during the PCR
process by using labeled dNTP

Principle of the Polymerase Chain Reaction (PCR) Method
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Optical transduction

DNA spots

Target DNA is labeled with a fluorophore (during PCR)

DNA Microarra Yy

The mixture of labeled target DNA fragments is deposited on the chip to allow
hybridization to occur

After washing, the surface is analyzed by a scanner
The spots where hybridization took place are bright under illumination
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Applications
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Detection of genetic suceptibility to diseases (cystic fibrosis, thrombosis, Alzheimer’s disease,
cancers) = genotyping

Gene expression profile (= transcriptional profile)

Detection of DNA variants resulting in variable responses to therapy (= pharmaco-genomics)

Analysis of gene modifications in cancer cells

Detection of pathogens associated to infectious diseases
Detection of pathogenic agents in food or environment
Detection of GMO in cultures

Detection of biological weapons



Pharmacogenomics
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AmpliChip CYP450 - Roche diagnostics

The family of cytochrome P450 enzymes is involved in the metabolism
of xenobiotics (drugs) which conditions their therapeutic activity (when
they are rapidly metabolized they are less active).

The AmpliChip CYP450 test allows genotyping of genes coding for 2
CYP450 from human DNA samples so as to predict their enzymatic
activity for a given patient. 29 polymorphisms of the CYP2D6 gene and
3 of the CYP2C19 gene can be differentiated.

It provides the clinician with a tool to choose the treatment and the
most appropriate dose to be applied to each patient.
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Food analysis

Affymetrix — Biomérieux Collaboration

FoodExpert-ID allows to assess the composition in animal species and the
authenticity of food and feed, raw or transformed. The test is based on a high
density DNA chip (GeneChip®) developed by Affymetrix, comprising 80 000
ODN probes complementary of gene fragments coding for cytochrome b.

The unique feature of FoodExpert-ID lies in the capacity to detect 33 different
species of vertebrates and to simultaneously identify the presence of animal
products in food samples at 2 levels of taxonomy : at the class level (mammal,
bird or fish) and at the species level (beef, chicken, salmon).

It requires amplification by PCR prior to analysis
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Label-free optical biosensors

Examples of immunosensors
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Assay of S. aureus enterotoxin B (SEB) by SPR with SPREETA

O 2-channel sensor : covered with polyclonal anti-SEB antibody and non specific antibody

/ Samples flown at 40 ul/min; sensor regeneration with 100 mM glycine pH 2

RIU vs time for various

SEB concentrations standard curve
Sensor scheme
Reflecting 1.33525 9.0E-05
Mirror
Rubber Gasket / - 8.0E-05
Optical Plastic -
Flow Cell pu dosk 1.33520 - E 70605 |
2 Channels 2 E
4 6.0E-05
o 1.33515 | -
o g § 50605
111111
Surface Plasmon a 1.33510 | 2 4.0E-05 ol
Layer < 'g 3.0E-05 6.0E06 |
2 1.33505 | g OERLE L e i
Light Emitting emperature 2 Photodiode ] E 2.0E-05 E06 |
Diode Polarizer Sensor Arrays €N o, |/ 0 e
1,33500 |8 1,0E-05 o 1 2z 3
4 m 0.0E+00 1 1 1 1 1
1.33495 L L L 0 20 40 60 80 100
0 20 40 60 80 SEB concentration, nM

Time, min

Summer School - Surf@1Health - Cargese - 21 - 26 16
Septembre 2025



Minicare I-20 - Philips diagnostics

Immunosensor with optomagnetic transduction
Application : biomedical area

No manipulation of fluid other than sample
Portable reader

Single-use cartridge

Fast measurement (10 min)
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Principle

The process steps are controlled by electromagnets placed above and below the cartridge
Super-paramagnetic nanoparticles (500 nm) covered with capture antibody; chamber (1 ul) covered with

revelation antibody

Chamber filling
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https://www.youtube.com/watch?v=vzytgmmLvec
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Cardiac troponin analysis

Marker of cardiac infarct
Test on 25 ul of blood (taken on finger)

Rapid Test : 10 min

Sensitive Test : limit of detection 0.03 ng/ml

Real-time measurement
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Diagnostic tests related to SARS-CoV 2

A Vviral genomic analysis
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B Direct virus detection
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Reference method: gRT-PCR (RNA -> cDNA then qPCR
Primer hybridization to viral RNA + amplification by PCR

https://www.youtube.com/watch?v=Vd38iS_W7ww

SARS-CoV-2
Rapid Ag

Recognition element = antibody i
Specific detection of viral protein (N protein) -
Lateral flow assay, answer in 15 min

https://diagnostics.roche.com/global/en/products/params/sars-cov-2-rapid-antigen-test.html
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Recognition element = viral antigen (N and S)
Specific detection of antibodies produced by host
Lateral flow assay; answer in 15 min from blood sample
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Example of optical biosensor for SARS-CoV-2

* Colorimetric—based, solution phase biosensor to detect
gene coding for N protein

e Colloidal suspension of gold nanoparticles capped with
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Market studies

Global market, technologies, applications,
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Market study

Global market : 18.2 billion $ in 2018 and 33.2 billion $ in 2025

Precedence  Bjosensors Market Share, By Region, 2024 (%) Expected fastest rate of development in Europe:

* High number of cases of diabetes
* Growing prevalence of life related diseases
u North America * Population getting older

H Europe

39.46%

* Growing need for non-invasive diagnostic tools
* Increased fundings for startups and research

M Asia Pacific

Latin America

institutions
= * Environmental monitoring, food safety and chronic
disease management
* More stringent regulations
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Market study

Precedence i 0 Precedence i icati )
preceaence Biosensors Market Share, By Technology, 2024 (%) Precedence  Bjosensors Market Share, By Application, 2024 (%)
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Optical biosensors are emerging as the fastest growing
technology due to their advanced capabilities in real-time,
label-free detection.

They are increasing being adopted in medical diagnostics,
environmental monitoring, and food safety testing owing to
their non-invasive nature and miniaturization potential.
Furthermore, the integration of optical biosensors with
smartphones and wearable health devices is enabling
remote diagnostics and personal health monitoring,

The agricultural sector is expected to withess the most rapid

growth

» Real-time monitoring of soil health, crop conditions, and
pathogen presence.

» Detection of contaminants and toxins in agricultural produce,
to assure food safety from farm to table
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Market study
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Precedence Biosensors Market Share, By End User, 2024 (%)
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Source: https://www.precedenceresearch.com/biosensors-market

PoC = point of care
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The food industry is rapidly adopting
biosensors for applications across safety
testing, quality assurance, and supply chain
monitoring.

The manufacturers are prioritizing the

detection of pathogens, allergens, and
chemical contaminants in food products.
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Current trends in biosensor development

Point-of-care testing systems
* miniaturization
* use of smartphone for readout
* Lab-on-chip technology

Wearable biosensors

Ex. Stelo continuous glucose biosensor

Biosensor filament
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“— Skin

— Interstitial fluid

— Blood

The filament that sits under the skin is coated with glucose oxidase.
When the glucose oxidase enzyme comes into contact with glucose in
the (the fluid surrounding cells), glucose is converted
to gluconic acid and hydrogen peroxide, which generates

due to electron transfers that occur as a result of this chemical
reaction. This signal communicates the level of glucose molecules in
the blood,

The sensor transmits glucose levels to the patient’s phone so he can
see his levels 24/7, and a graph shows how the blood glucose
fluctuates throughout the day.
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https://www.cancer.gov/publications/dictionaries/cancer-terms/def/interstitial-fluid
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3292132
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3663003/

Conclusions

Biosensors are currently making a breakthrough in the analysis of traces in various matrices
and in several application domains

Their development takes advantage of discoveries in molecular biology but also in electronics
and miniaturization

They are well suited for rapid analyses in difficult contexts or operated by non qualified
manipulators for which the smallest possible number of manipulations is required



