
polymers

Editorial

Polymers in Sensor and Biosensor Design

Almira Ramanaviciene * and Ieva Plikusiene

����������
�������

Citation: Ramanaviciene, A.;

Plikusiene, I. Polymers in Sensor and

Biosensor Design. Polymers 2021, 13,

917. https://doi.org/10.3390/

polym13060917

Received: 7 March 2021

Accepted: 8 March 2021

Published: 16 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

NanoTechnas—Center of Nanotechnology and Materials Science, Faculty of Chemistry and Geosciences, Institute
of Chemistry, Vilnius University, Naugarduko st. 24, LT-03225 Vilnius, Lithuania; ieva.plikusiene@chgf.vu.lt
* Correspondence: almira.ramanaviciene@chf.vu.lt

The growing demand and need for new analytical instruments that are highly sensi-
tive, fast, and user-friendly for detecting various analytes has opened up new possibilities
and led to the development of novel sensors and biosensors. To date, there has been a
high interest in the synthesis of polymers, copolymers, and nanocomposites character-
ized by unique properties. Contemporary evidence suggests that sensors and biosensors
designed to employ different polymers exhibited higher sensitivity, lower limits of detec-
tion, wider linear detection ranges, more efficient electron transfer, and improved stability.
The combination of new polymers with nanoparticles ensuring special electrical and cat-
alytic properties promotes their successful application in sensors and biosensors [1,2].

Conjugated and conducting polymers can be synthetized chemically and electrochem-
ically. One the most attractive method for the synthesis of π–π conjugated polymers,
such as polypyrrole and polyaniline, is an enzymatic reaction-based polymerization ini-
tiated by the enzyme glucose oxidase [3]. Polymers and their composites with different gold
nanoparticles were successfully synthetized and applied for the development of enzymatic
biosensors with a wide linear range, improved stability, and high anti-interference ability
to electrochemically active substances present in real samples [4]. Aptamer-functionalized
silver nanoclusters combined with polypyrrole nanoparticles were used for the development
of fluorescent aptasensor for the Staphylococcal enterotoxin A detection [5]. Biocompatible con-
jugated polymers were successfully used as a matrix for biomolecules (enzymes, antigens,
antibodies, cells) entrapment or immobilization [6]. Conjugated polymers and copolymers
stand out among other polymers by their environmental stability, flexibility, and attrac-
tive electrochemical and electrochromic properties [7–9] that can be enhanced by gold
nanostructures electrochemically deposited on the electrode. In addition, conducting poly-
mers offer a variety of technological solutions important for the development of sensors,
biosensors, and biofuel cells [10–12].

A modern approach and a great solution for developing mediator sensors and biosen-
sors is the application of polymers containing redox-active sites or groups that can be
reversibly oxidized and reduced. The redox-active polymers are frequently used for oxi-
doreductase immobilization, providing better biosensor stability and reagent-free approach
for analyte detection. The efficient electron transfer between the enzyme redox center
and the surface of the electrode ensured by these polymers improved the operation of
biosensors [13,14] and enzymatic biofuel cells [15]. Bovine serum albumin and chitosan-
based biocompatible redox-active polymers with covalently bound redox mediators and
containing carbon nanotubes have successfully been used for bacteria immobilization and
for biochemical oxygen demand concentration registration [16].

Extensive research has been carried out on the preparation and application of molecu-
larly imprinted polymers (MIPs) as analyte recognition materials for chemical, biochemical,
biological, and biomedical applications due to their high selectivity and affinity, long stability,
resistance to pressure, high temperatures, and extreme pH. Ion-imprinted polymers were
successfully applied for the determination of heavy metal ions [17]. MIP technology enables
the recognition of small molecules, such as caffeine [18], theophylline [19], histamine [20],
uric acid [21], and DNA [22], enzymes [23], proteins [24] or whole cells [25]. The pandemic

Polymers 2021, 13, 917. https://doi.org/10.3390/polym13060917 https://www.mdpi.com/journal/polymers

https://www.mdpi.com/journal/polymers
https://www.mdpi.com
https://orcid.org/0000-0001-5864-0359
https://orcid.org/0000-0002-7972-8891
https://doi.org/10.3390/polym13060917
https://doi.org/10.3390/polym13060917
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/polym13060917
https://www.mdpi.com/journal/polymers
https://www.mdpi.com/article/10.3390/polym13060917?type=check_update&version=2


Polymers 2021, 13, 917 2 of 3

caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has brought
together researchers from around the world to develop new methods and analytical sys-
tems to diagnose COVID-19. It is a major challenge to develop robust, sensitive, specific,
less expensive, portable, and well-operating sensors and biosensors for the SARS-CoV-
2 virus and its spike and nucleocapsid protein detection. An article about MIP-based
portable electrochemical sensors for the detection of SARS-CoV-2 nucleoprotein has just
been published [26].

One of the critical problems in cancer diagnostics is the late detection of the disease.
In some cases, this problem can be solved by the timely detection of cancer biomark-
ers present in the body fluids. For this purpose, a special type of biosensor, namely,
immunosensors based on conducting polymers, were developed [27]. A new approach for
cancer biomarker detection based on the conjugated polymer polypyrrole modified with
antibodies was established for novel prostate-specific cancer biomarker (CCR4) determina-
tion [28]. Various label-free, sensitive, and disposable immunosensors based on different
polymers were developed. Extensive research has been carried out identifying cancer
biomarkers [29] and detecting cancerous and metastatic cells, successfully discriminating
them from normal cells. MnO2-decorated polymer dots have successfully been applied for
the development of a wireless label-free electrochemical sensor for cancer cell detection [30].
It was shown that MCF-7 human breast cancer cells can be detected using a nanocomposite
consisting of polymer and multiwall nanotubes in a dual aptamer-based sandwich-type
biosensor [31].

This Special Issue of Polymers entitled “Polymers in Sensor and Biosensor Design”
is dedicated to the topic research articles and reviews on the application of polymers,
copolymers, and nanoparticles in sensors and biosensors design. Significant attention will be
paid to conducting and redox polymers that are improving charge transfer, to electrochromic
polymers and their application for different purposes. Papers dedicated to the synthesis and
application of MIPs for small molecules, DNA, different biomarkers, or cells are preferred.
Innovative, original, and multidisciplinary studies about the development of sensors and
biosensors with improved properties based on polymers, copolymers, or nanocomposites for
the detection and quantification of chemical compounds, biomolecules, antigens, antibodies,
viruses, and cell will be considered for publication. We also welcome research about advanced
COVID-19 diagnostics.
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2. Spychalska, K.; Zając, D.; Baluta, S.; Halicka, K.; Cabaj, J. Functional Polymers Structures for (Bio)Sensing Application—A Review.

Polymers 2020, 12, 1154. [CrossRef] [PubMed]
3. Ramanavicius, A.; Kausaite, A.; Ramanaviciene, A.; Acaite, J.; Malinauskas, A. Redox enzyme—glucose oxidase—initiated

synthesis of polypyrrole. Synth. Met. 2006, 156. [CrossRef]
4. Popov, A.; Aukstakojyte, R.; Gaidukevic, J.; Lisyte, V.; Kausaite-Minkstimiene, A.; Barkauskas, J.; Ramanaviciene, A. Reduced

graphene oxide and polyaniline nanofibers nanocomposite for the development of an amperometric glucose biosensor. Sensors
2021, 21, 948. [CrossRef] [PubMed]

5. Zhang, X.; Khan, I.M.; Ji, H.; Wang, Z.; Tian, H.; Cao, W.; Mi, W. A Label-Free Fluorescent Aptasensor for Detection of
Staphylococcal Enterotoxin A Based on Aptamer-Functionalized Silver Nanoclusters. Polymers 2020, 12, 152. [CrossRef] [PubMed]

http://doi.org/10.3390/polym10050551
http://www.ncbi.nlm.nih.gov/pubmed/30966585
http://doi.org/10.3390/polym12051154
http://www.ncbi.nlm.nih.gov/pubmed/32443618
http://doi.org/10.1016/j.synthmet.2005.12.018
http://doi.org/10.3390/s21030948
http://www.ncbi.nlm.nih.gov/pubmed/33535400
http://doi.org/10.3390/polym12010152
http://www.ncbi.nlm.nih.gov/pubmed/31936075


Polymers 2021, 13, 917 3 of 3

6. German, N.; Ramanaviciene, A.; Ramanavicius, A. Formation and Electrochemical Evaluation of Polyaniline and Polypyrrole
Nanocomposites Based on Glucose Oxidase and Gold Nanostructures. Polymers 2020, 12, 3026. [CrossRef] [PubMed]

7. Celiesiute, R.; Ramanaviciene, A.; Gicevicius, M.; Ramanavicius, A. Electrochromic Sensors Based on Conducting Polymers,
Metal Oxides, and Coordination Complexes. Crit. Rev. Anal. Chem. 2019, 49. [CrossRef] [PubMed]

8. Popov, A.; Brasiunas, B.; Mikoliunaite, L.; Bagdziunas, G.; Ramanavicius, A.; Ramanaviciene, A. Comparative study of polyaniline
(PANI), poly(3,4-ethylenedioxythiophene) (PEDOT) and PANI-PEDOT films electrochemically deposited on transparent indium
thin oxide based electrodes. Polymer 2019, 172. [CrossRef]

9. Le, T.-H.; Kim, Y.; Yoon, H. Electrical and Electrochemical Properties of Conducting Polymers. Polymers 2017, 9, 150. [CrossRef]
10. Ramanavicius, S.; Ramanavicius, A. Conducting Polymers in the Design of Biosensors and Biofuel Cells. Polymers 2021, 13, 49.
11. Turemis, M.; Zappi, D.; Giardi, M.T.; Basile, G.; Ramanaviciene, A.; Kapralovs, A.; Ramanavicius, A.; Viter, R. ZnO/polyaniline

composite based photoluminescence sensor for the determination of acetic acid vapor. Talanta 2020, 211, 120658. [CrossRef]
[PubMed]

12. Park, S.J.; Park, C.S.; Yoon, H. Chemo-Electrical Gas Sensors Based on Conducting Polymer Hybrids. Polymers 2017, 9, 155.
[CrossRef] [PubMed]

13. Xiao, X.; Yan, X.; Magner, E.; Ulstrup, J. Polymer coating for improved redox-polymer-mediated enzyme electrodes: A mini-review.
Electrochem. Commun. 2021, 124, 106931. [CrossRef]

14. VandeZande, G.R.; Olvany, J.M.; Rutherford, J.L.; Rasmussen, M. Enzyme Immobilization and Mediation with Osmium Redox
Polymers. Methods Mol. Biol. 2017, 1504, 165–179. [CrossRef]

15. Milton, R.D.; Hickey, D.P.; Abdellaoui, S.; Lim, K.; Wu, F.; Tan, B.; Minteer, S.D. Rational design of quinones for high power
density biofuel cells. Chem. Sci. 2015, 6, 4867–4875. [CrossRef] [PubMed]

16. Arlyapov, V.A.; Kharkova, A.S.; Kurbanaliyeva, S.K.; Kuznetsova, L.S.; Machulin, A.V.; Tarasov, S.E.; Melnikov, P.V.; Ponamoreva,
O.N.; Alferov, V.A.; Reshetilov, A.N. Use of biocompatible redox-active polymers based on carbon nanotubes and modified
organic matrices for development of a highly sensitive BOD biosensor. Enzyme Microb. Technol. 2021, 143, 109706. [CrossRef]
[PubMed]

17. Wu, S.; Dai, X.; Cheng, T.; Li, S. Highly sensitive and selective ion-imprinted polymers based on one-step electrodeposition of
chitosan-graphene nanocomposites for the determination of Cr(VI). Carbohydr. Polym. 2018, 195, 199–206. [CrossRef]

18. Ramanaviciene, A.; Finkelsteinas, A.; Ramanavicius, A. Basic electrochemistry meets nanotechnology: Electrochemical prepara-
tion of artificial receptors based on a nanostructured conducting polymer, polypyrrole. J. Chem. Educ. 2006, 83, 1212. [CrossRef]

19. Baleviciute, I.; Ratautaite, V.; Ramanaviciene, A.; Balevicius, Z.; Broeders, J.; Croux, D.; Mcdonald, M.; Vahidpour, F.; Thoelen, R.;
Ceuninck, W.D.; et al. Evaluation of theophylline imprinted polypyrrole film. Synth. Met. 2015, 209. [CrossRef]

20. Ratautaite, V.; Nesladek, M.; Ramanaviciene, A.; Baleviciute, I.; Ramanavicius, A. Evaluation of Histamine Imprinted Polypyrrole
Deposited on Boron Doped Nanocrystalline Diamond. Electroanalysis 2014, 26. [CrossRef]

21. Plausinaitis, D.; Sinkevicius, L.; Samukaite-Bubniene, U.; Ratautaite, V.; Ramanavicius, A. Evaluation of electrochemical quartz
crystal microbalance based sensor modified by uric acid-imprinted polypyrrole. Talanta 2020, 220, 121414. [CrossRef]

22. Ratautaite, V.; Topkaya, S.N.; Mikoliunaite, L.; Ozsoz, M.; Oztekin, Y.; Ramanaviciene, A.; Ramanavicius, A. Molecularly
Imprinted Polypyrrole for DNA Determination. Electroanalysis 2013, 25. [CrossRef]

23. Ozcelikay, G.; Kurbanoglu, S.; Zhang, X.; Kosak Soz, C.; Wollenberger, U.; Ozkan, S.A.; Yarman, A.; Scheller, F.W. Electrochemical
MIP Sensor for Butyrylcholinesterase. Polymers 2019, 11, 1970. [CrossRef] [PubMed]

24. Ramanaviciene, A.; Ramanavicius, A. Molecularly imprinted polypyrrole-based synthetic receptor for direct detection of bovine
leukemia virus glycoproteins. Biosens. Bioelectron. 2004, 20. [CrossRef] [PubMed]

25. Piletsky, S.; Canfarotta, F.; Poma, A.; Bossi, A.M.; Piletsky, S. Molecularly Imprinted Polymers for Cell Recognition. Trends
Biotechnol. 2020, 38, 368–387. [CrossRef] [PubMed]

26. Raziq, A.; Kidakova, A.; Boroznjak, R.; Reut, J.; Öpik, A.; Syritski, V. Development of a portable MIP-based electrochemical sensor
for detection of SARS-CoV-2 antigen. Biosens. Bioelectron. 2021, 178, 113029. [CrossRef] [PubMed]

27. Ramanavicius, A.; Oztekin, Y.; Ramanaviciene, A. Electrochemical formation of polypyrrole-based layer for immunosensor
design. Sens. Actuators B Chem. 2014, 197. [CrossRef]

28. Aydın, E.B.; Aydın, M.; Sezgintürk, M.K. Fabrication of electrochemical immunosensor based on acid-substituted poly(pyrrole) polymer
modified disposable ITO electrode for sensitive detection of CCR4 cancer biomarker in human serum. Talanta 2021, 222, 121487.
[CrossRef] [PubMed]

29. Shahrokhian, S.; Salimian, R. Ultrasensitive detection of cancer biomarkers using conducting polymer/electrochemically reduced
graphene oxide-based biosensor: Application toward BRCA1 sensing. Sens. Actuators B Chem. 2018, 266, 160–169. [CrossRef]

30. Won, H.J.; Robby, A.I.; Jhon, H.S.; In, I.; Ryu, J.H.; Park, S.Y. Wireless label-free electrochemical detection of cancer cells by
MnO2-Decorated polymer dots. Sens. Actuators B Chem. 2020, 320, 128391. [CrossRef]

31. Yazdanparast, S.; Benvidi, A.; Banaei, M.; Nikukar, H.; Tezerjani, M.D.; Azimzadeh, M. Dual-aptamer based electrochemical
sandwich biosensor for MCF-7 human breast cancer cells using silver nanoparticle labels and a poly(glutamic acid)/MWNT
nanocomposite. Microchim. Acta 2018, 185, 405. [CrossRef] [PubMed]

http://doi.org/10.3390/polym12123026
http://www.ncbi.nlm.nih.gov/pubmed/33348805
http://doi.org/10.1080/10408347.2018.1499009
http://www.ncbi.nlm.nih.gov/pubmed/30285474
http://doi.org/10.1016/j.polymer.2019.03.059
http://doi.org/10.3390/polym9040150
http://doi.org/10.1016/j.talanta.2019.120658
http://www.ncbi.nlm.nih.gov/pubmed/32070567
http://doi.org/10.3390/polym9050155
http://www.ncbi.nlm.nih.gov/pubmed/30970834
http://doi.org/10.1016/j.elecom.2021.106931
http://doi.org/10.1007/978-1-4939-6499-4_13
http://doi.org/10.1039/C5SC01538C
http://www.ncbi.nlm.nih.gov/pubmed/28717492
http://doi.org/10.1016/j.enzmictec.2020.109706
http://www.ncbi.nlm.nih.gov/pubmed/33375974
http://doi.org/10.1016/j.carbpol.2018.04.077
http://doi.org/10.1021/ed083p1212
http://doi.org/10.1016/j.synthmet.2015.07.021
http://doi.org/10.1002/elan.201400294
http://doi.org/10.1016/j.talanta.2020.121414
http://doi.org/10.1002/elan.201300063
http://doi.org/10.3390/polym11121970
http://www.ncbi.nlm.nih.gov/pubmed/31801184
http://doi.org/10.1016/j.bios.2004.05.014
http://www.ncbi.nlm.nih.gov/pubmed/15556351
http://doi.org/10.1016/j.tibtech.2019.10.002
http://www.ncbi.nlm.nih.gov/pubmed/31677857
http://doi.org/10.1016/j.bios.2021.113029
http://www.ncbi.nlm.nih.gov/pubmed/33515985
http://doi.org/10.1016/j.snb.2014.02.072
http://doi.org/10.1016/j.talanta.2020.121487
http://www.ncbi.nlm.nih.gov/pubmed/33167207
http://doi.org/10.1016/j.snb.2018.03.120
http://doi.org/10.1016/j.snb.2020.128391
http://doi.org/10.1007/s00604-018-2918-z
http://www.ncbi.nlm.nih.gov/pubmed/30094655

	References

