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55% atbs came from 
the genus Streptomyces

Hutchings M. I. et al. Current Opinion in Microbiology 51, 2019.

https://www.sciencedirect.com/science/article/pii/S1369527419300190#bib0020
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https://www.statista.com/chart/27709/distribution-of-global-antibiotics-export-value-by-country/
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https://amr-review.org/

O’Neill report: 
without urgent 
action 10 million 
people a year will 
die from drug 
resistant infections 
by 2050
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Darby E. M. et al. Nature Reviews Microbiology 21, 2023

Enzymes hydrolyze the functional groups of antibiotics, 
rendering them ineffective

Involves changing 
the antibiotic's 
target site to reduce 
or prevent binding 
of the antibiotic (via 
mutations, 
enzymatic
alterations).

Changes in the bacterial membrane structure, such 
as the downregulation of porins

Involves 
transmembrane 
efflux pumps that 
actively 
transport antibiotics 
out of the bacterial 
cell

A target protection 
protein physically 
associates with the 
antibiotic's target 
site, protecting it 
from being inhibited 
by the antibiotic.

https://www.nature.com/articles/s41579-022-00820-y
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Pauter K. et al. Molecules 25, 2020

TLC and Immunoassay images were generated by OpenAI's DALL·E, GPT-4, accessed on [10/04/2024], rest is available from wikipedia under common CC licences

2010

https://www.mdpi.com/1420-3049/25/11/2556
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Lopes L. C. et al. Sensors and Actuators Reports 4, 2022

https://www.sciencedirect.com/science/article/pii/S2666053922000145?via%3Dihub
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Lopes L. C. et al. Sensors and Actuators Reports 4, 2022

https://www.sciencedirect.com/science/article/pii/S2666053922000145?via%3Dihub


Antibiotic Sensing in the 21st Century: Innovations and Future 
Directions

13

Majdinasab M. et al. TrAC Trends in Analytical Chemistry 127, 2020

https://www.sciencedirect.com/science/article/pii/S0165993620301126
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Majdinasab M. et al. TrAC Trends in Analytical Chemistry 127, 2020

1. Bioreceptor Sensitivity and Specificity
• Bioreceptor Engineering: Enhancing the selectivity and affinity of 

bioreceptors via genetic engineering.
• Surface Chemistry: Optimizing the surface to which bioreceptors are 

attached can enhance the interaction with the target analyte, 
improving sensitivity and specificity.

2. Materials Science
• Nanomaterials: Utilizing nanomaterials like graphene, carbon 

nanotubes, and quantum dots 
• Hydrogels and Biocompatible Materials: These can improve the 

interface between the biosensor and biological systems, enhancing 
the stability and longevity of the sensor in vivo.

3. Transducer Technology
• Signal Transduction Enhancement: Innovations in optical, 

electrochemical, and piezoelectric transducers.

12
Key Factors for State-of-the-Art Biosensors

https://www.sciencedirect.com/science/article/pii/S0165993620301126
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https://assets.thermofisher.com/TFS-Assets/BID/Handbooks/bioconjugation-technical-handbook.pdf

1+2. Bioreceptor Sensitivity and Specificity and Materials Science
• Surface Chemistry: Optimizing the surface to which bioreceptors are attached can 
enhance the interaction with the target analyte, improving sensitivity and specificity.

a-k Functional groups with high affinity to 
the surfaces of NPs. 
a Thioesters, b thiols, c dithiocarbamates, d
thioureas, e phosphine oxides, f amines, g
phosphates, h catechins, i trimethoxysilane, 
j carboxylic acids, k alcohols

Strategies of Bioconjugation

Iriarte-Mesa C. et al. Topic in Current Chemistry 378, 2020

https://www.springerprofessional.de/en/gold-silver-and-iron-oxide-nanoparticles-synthesis-and-bionanoco/18220298
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1+2. Bioreceptor Sensitivity and Specificity and Materials Science
• Surface Chemistry: Optimizing the surface to which bioreceptors are attached can enhance the interaction with the target analyte, 

improving sensitivity and specificity.

Hrubý V. et al. Power Electronic Devices and Components 7, 2024

Chronopoulos D. D. et al. Applied Materials Today 9, 2017
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https://www.sciencedirect.com/science/article/pii/S2772370424000038?via%3Dihub
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Asikin-Mijan N et al. Catalysts 11, 2021

https://www.lens.org/lens/search/scholar/analysis?q=single-atom-catalyst&dateFilterField=publishedYear&publishedYear.from=2000
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Directions

Aberration-corrected HAADF-STEM image of a Pt/ZnO nanobelt model 
catalyst shows the presence of Pt single atoms (A), faceted Pt clusters (B), 
highly disordered Pt subnano clusters (C), reconstructed surface atoms of 
Pt nanoparticles (D), strained lattices of Pt (E), and highly unsaturated Pt 
atoms attached to the Pt nanocrystal (F); 

Liu J. ACS Catalysis 7, 2017

SAC (single-atom catalysts)

https://www.mdpi.com/2073-4344/11/12/1470#B36-catalysts-11-01470
https://pubs.acs.org/doi/10.1021/acscatal.6b01534
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Flauzino J. M. R. et al. Small 19, 2023

• using click chemistry, an aptamer is immobilized and used 
as a platform for the selective determination of antibiotic
ampicillin in real samples

• detection limit of 1.36 nM eight-fold lower than the 
European maximum residue limits in milk (4 μg L−1)

• the storage stability of 4 weeks, high selectivity among 
other antibiotics

Highlights

https://onlinelibrary.wiley.com/doi/full/10.1002/smll.202207216
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Nalepa M.-A. et al. Biosensors and Bioelectronics, 2020

3. Transducer Technology
• Signal Transduction Enhancement: Innovations in optical, electrochemical, and piezoelectric transducers.

https://www.sciencedirect.com/science/article/pii/S0956566324002823
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Sun A. C. et al. Electroanalysis 31, 2019

4. Data Analysis and Connectivity
• Data Processing Algorithms: Advanced algorithms and machine learning techniques can extract more information from the biosensor data, 

improving accuracy and enabling the detection of complex patterns.
• Wireless Connectivity: Incorporating IoT (Internet of Things) capabilities can enable real-time monitoring and remote data analysis, 

expanding the applicability and efficiency of biosensors.

https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/full/10.1002/elan.201800474
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Jiang J. et al. Sensors and Actuators B: Chemical 193, 2014
Sun A. C. et al. Electroanalysis 31, 2019

https://www.sciencedirect.com/science/article/pii/S0925400513014536
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/full/10.1002/elan.201800474


CONTACTS

Connect with us 

www.susnano.eu

@susnanoproject

22

Petr Jakubec

Czech Advanced Technology and Research Institute
Regional Centre of Advanced Technologies and Materials
Faculty of Science | Department of Physical chemistry | Palacky University in 
Olomouc
Šlechtitelů 27, 783 71 Olomouc

p.jakubec@upol.cz 

Thank you for attention

Q & A


	Snímek 1
	Snímek 2: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 3: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 4: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 5: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 6: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 7: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 8: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 9: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 10: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 11: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 12: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 13: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 14: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 15
	Snímek 16: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 17: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 18: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 19: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 20: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 21: Antibiotic Sensing in the 21st Century: Innovations and Future Directions
	Snímek 22

