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NanoTechnas

Some Research Directions in NanoTechnas 

 

• Bio – AFM (Veeco)

• SPR device (ECO-
Chemie);

• QCM+EQCM 
(MacTex); 
Potentiostat/Galvanostat 
(ECO-Chemie);
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Application of Biofuel Cells in 

Biosensorics



Sensors Reality and Dreams
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Part of biological recognition (catalyst)

Signal transducer

Registration

device

Analyte
Products

Biosensors

Fundamental task –

stabile and effective 

attachment of biological 

objects on the surface of 

signal transducer. 

In electrochemical 

biosensors electron 

transfer is requested 

Electron transfer (ET) 

reactions involve the 

movement of an 

electron from one 

molecular species (the 

donor) to another (the 

acceptor)



Enzyme catalyzed reactions

• In addition to many other types of catalysis

biochemical catalysis also has number of

advantages, e.g.:

• Enzymes are “green catalysts” that are produced

by all living cells and/or microorganisms. Life is

impossible without enzymes…

• COST Action TD1102



Enzymes are biological catalysts 

• There are known about 40,000 different enzymes alone in

human cells, each controlling a different chemical reaction.

They increase the rate of reactions by a factor of between

10 to 1012 times, allowing the chemical reactions that make life

possible to take place at normal temperatures. They were

discovered in fermenting yeast in 1900 by Buchner, and the

name enzyme means "in yeast". As well as catalysing all the

metabolic reactions of cells (such as respiration,

photosynthesis and digestion), they may also act as motors,

membrane pumps and receptors.



Enzymatic catalysis
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Some Examples of Enzymatic 

Redox Reactions 

http://www.google.lt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=It4Rm2ZstkPiaM&tbnid=CF_NdLb9ECRi8M:&ved=0CAUQjRw&url=http%3A%2F%2Femployees.csbsju.edu%2Fhjakubowski%2Fclasses%2Fch331%2Foxphos%2Folcouplingoxphos.html&ei=AkNGU5C8A4HAtQbxroHIBg&psig=AFQjCNHsEVQUH0eFLWivJUZ10LuyCr45WQ&ust=1397199892214666
http://www.google.lt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=It4Rm2ZstkPiaM&tbnid=CF_NdLb9ECRi8M:&ved=0CAUQjRw&url=http%3A%2F%2Femployees.csbsju.edu%2Fhjakubowski%2Fclasses%2Fch331%2Foxphos%2Folcouplingoxphos.html&ei=AkNGU5C8A4HAtQbxroHIBg&psig=AFQjCNHsEVQUH0eFLWivJUZ10LuyCr45WQ&ust=1397199892214666
http://www.gizmag.com/mitochondria-biofuel-cell/16151/
http://www.gizmag.com/mitochondria-biofuel-cell/16151/
http://en.wikipedia.org/wiki/File:Mitochondrial_electron_transport_chain%E2%80%94Etc4.svg
http://en.wikipedia.org/wiki/File:Mitochondrial_electron_transport_chain%E2%80%94Etc4.svg


Some Examples of Enzymatic 

Redox Reactions 
(Oxidative phosphorylation)

Complex I or NADH-Q

oxidoreductase.

Complex II: Succinate-Q 

oxidoreductase.

Complex IV: cytochrome c 

oxidase.
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Some Examples of Enzymatic 

Redox Reactions 
(Oxidative phosphorylation)

Complex I or NADH-Q

oxidoreductase.

Complex II: 

Succinate-Q oxidoreductase.

Complex IV: 

cytochrome c oxidase.
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NanoTechnas

Major immobilization methods

used for design of biosensors

 Adsorption;

 Covalent attachment;

 Cross-linking with chemical agents;

 Application of SAM’s followed by covalent attachment;

 Entrapment within polymers.
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Entrapment within polymers / Chemical 

structures of common conducting polymers / 

Selection principles

Can be electrochemically 

synthesized on the 

conducting surfaces.

Can by synthesized at neutral pH. 

(It is especially important during 

immobilization of biological 

objects)

.

Can be doped by 

biological objects 

e.g.: proteins.

The layer is stabile and 

elastic



Conducting (π-π conjugated) polymers can be successfully 

applied to solve immobilization problem of bio-molecules

 

Charge transfer via 

conjugated polymeric 

backbone



The Electrochemical synthesis of conducting 

polymers (e.g. polypyrrole)
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Immobilization of
bio-molecules on
the surface of
electrochemically
synthesized
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oxygen-independent ethanol sensor based on quinohemoprotein alcohol dehydrogenase covalently bound to a functionalized polypyrrole film,

Progress in Colloid and Polymer Science, 116, 143-148.
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Immobilization of bio-molecules within 

electrochemically formed polypyrrole

(Entrapment of bio-molecules within Ppy)
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Pulse  chrono-amperogram, 

registered during synthesis of 

polypyrrole by potential-pulse 

mode.

Dependence of anodic peaks on 

the pulse number during the 

polymerization procedure.

Control of Ppy 

film growth

Pulse number



Schematic representation of glucose oxidase coating by

polypyrrole initiated by catalytic action of this enzyme.

Schematic representation of application of polypyrrole coated 

glucose oxidase nanoparticles in PMS mediated biosensor design.

Ramanavicius A., Kausaite A., Ramanaviciene A. (2005) Polypyrrole Coated Glucose Oxidase Nanoparticles for Biosensor Design, Sensors and Actuators 

B-Chemical 111-112, 532-539. ///   Ramanavicius A., Kausaite A., Ramanaviciene A., Acaite J., Malinauskas A., (2006) Redox enzyme – glucose oxidase –

initiated synthesis of polypyrrole Synthetic Metals, 156, 409-413 ///

Polypyrrole Coated Glucose Oxidase Nanoparticles
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Activity of entrapped enzymes

Ramanavicius A., Kausaite A., Ramanaviciene A. (2005) Polypyrrole Coated Glucose Oxidase Nanoparticles for Biosensor 

Design, Sensors and Actuators B-Chemical 111-112, 532-539.
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Major immobilization methods

used for design of biosensors

 Adsorption;

 Covalent attachment;

 Cross-linking with chemical agents;

 Application of SAM’s followed by covalent attachment;

 Entrapment within polymers.

Conducting polymers might be very useful: (i) for modification, (ii) 

and for protection of biosensor surfaces. (2nd lecture)
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The most promising Enzymes, since has 

“well established intrinsic electrical 

circuit” and are able to transfer electrons 

directly to conducting surfaces. 

Enzymes in design of catalytic biosensors
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Oxidases – mostly used enzymes 

in catalytic biosensor design



FAD cofactor

• Flavin adenine dinucleotide (FAD) is a redox cofactor

involved in several important reactions in metabolism



NanoTechnas

NAD-dependent dehydrogenases

in catalytic biosensor design



NAD+/NADH cofactor

• Nicotinamide adenine dinucleotide (NAD)



PQQ dependent enzymes 

(dehydrogenases) in 

biosensor design 



PQQ Cofactor  

Pyrroloquinoline quinone (PQQ)



Cytochrome c

http://www.google.lt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=kmJt5xtWil5vjM&tbnid=Ei__j4gq00S3zM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.rpi.edu%2Fdept%2Fbcbp%2Fmolbiochem%2FMBWeb%2Fmb1%2Fpart2%2Fredox.htm&ei=qlJGU_a9NcnTsgaD-4DQCg&psig=AFQjCNEtvRAPUXP3hyVB0VhJhNHv2lZwlQ&ust=1397203849275844
http://www.google.lt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=kmJt5xtWil5vjM&tbnid=Ei__j4gq00S3zM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.rpi.edu%2Fdept%2Fbcbp%2Fmolbiochem%2FMBWeb%2Fmb1%2Fpart2%2Fredox.htm&ei=qlJGU_a9NcnTsgaD-4DQCg&psig=AFQjCNEtvRAPUXP3hyVB0VhJhNHv2lZwlQ&ust=1397203849275844
http://www.google.lt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=P5UL3kp1NodJuM&tbnid=9I6EBlvokvm4mM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.csj.jp%2Fgakujutu%2Fchem-lett%2Fcl-cont%2Fcl2005-7.html&ei=EVxGU8iqH8KEtAby4IHAAQ&psig=AFQjCNENOWoBpauzYmFHCWPTVdeRzoHJ3g&ust=1397206399828053
http://www.google.lt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&docid=P5UL3kp1NodJuM&tbnid=9I6EBlvokvm4mM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.csj.jp%2Fgakujutu%2Fchem-lett%2Fcl-cont%2Fcl2005-7.html&ei=EVxGU8iqH8KEtAby4IHAAQ&psig=AFQjCNENOWoBpauzYmFHCWPTVdeRzoHJ3g&ust=1397206399828053


Horseradish peroxidase
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Hemoglobin 
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Heme-c dependent proteins

https://www.google.lt/search?q=sensors+today+and+tomorrow&source=lnms&tbm=isch&sa=X&ei=HA5GU6vlB4eoO6OwgZAC&ved=0CAYQ_AUoAQ&biw=1536&bih=762#q=Biosensor+electron+tra

nsfer+cytochrome+c+&tbm=isch&facrc=_&imgdii=_&imgrc=YhYGvo8RQamrEM%253A%3B0i3fb-

iaPxfbzM%3Bhttp%253A%252F%252Fwww.scielo.br%252Fimg%252Frevistas%252Fjbchs%252Fv14n2%252F15600f5.gif%3Bhttp%253A%252F%252Fwww.scielo.br%252Fscielo.php%253Fscript

%253Dsci_arttext%2526pid%253DS0103-50532003000200008%3B351%3B194

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-50532003000200008
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-50532003000200008
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Ramanavičius A., Habermüller K. Csöregi, E., Laurinavičius V., Schuhmann. W. (1999) Polypyrrole entrapped quinohemoprotein

alcohol dehydrogenase. evidence for direct electron transfer via conducting polymer chains, Analytical Chemistry, 71, 3581-3586.

Razumienė J., Niculescu M., Ramanavičius A., Laurinavičius V., Csöregi E. (2002) Direct Bioelectrocatalysis at Carbon

Electrodes Modified with Quinohemoprotein Alcohol Dehydrogenase from Gluconobacter sp. 33, Electroanalysis, 14, 43-49.

Aldehyde of Acetic Acid
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Some RedOx Mediators

Some Red-Ox Mediators
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Electron transfer (ET) reactions 

involve the movement of an 

electron from one molecular 

species (the donor) to another 

(the acceptor)

Electron transfer of efficiency // 

Marcus-Hush theory

.

.

.



Electron transfer of efficiency // 

Potentiodynamic methods

http://compton.chem.ox.ac.uk/john/Thesis/1/1.html
http://compton.chem.ox.ac.uk/john/Thesis/1/1.html
http://www.mashpedia.com/Polarography
http://www.mashpedia.com/Polarography
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Heterogeneous election transfer  constant  k0

Electron transfer of efficiency // 

Cyclic voltammetry 

http://www.mashpedia.com/Polarography
http://www.mashpedia.com/Polarography
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Immobilization of bio-molecules within 

electrochemically formed polypyrrole
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A. Ramanavicius, Y. 

Oztekin, A. Ramanaviciene 

Electrochemical Formation of 

Polypyrrole-based Layer for 

Immunosensor Design. 

Sensors and Actuators B-

Cemical 2014, 197, 237–243. 
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Electrochemical 

polymerisation

Electrochemically polymerisable

Compounds with Red-Ox Mediators
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“Grafted” conducting polymers

Y. Oztekin, A. Ramanaviciene, N., Ryskevic, Z., Yazicigil, Z., Ustundag, A.O. Solak, A. Ramanavicius, 1,10-Phenanthroline modified 

glassy carbon electrode for voltammetric determination of cadmium(II) ions Sensors and Actuators B Chemical 2011, 157, 146– 153.
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PMS mediated biosensor.

Based on PQQ-GDH 

entrapped within 

conducting polymer
Protection from interfering 

chemicals, by over-

oxidized Ppy layer 

Catalytic conversion of 

analyte 

Transfer of electrons from 

enzyme to conducting 

surface by diffusing 

“electron shuttles”

Ramanavicius A. (2000) Electrochemical study of permeability and charge-transfer in polypyrrole 

films, Biologija, 2, 64-66.

Laurinavicius V., Razumiene J., Ramanavicius A., Ryabov A.D., (2004) Wiring of PQQ–dehydrogenases, 

Biosensors & Bioelectronics 20 (6), 1217-1222.



Enzymatic Biofuel cells

https://www.google.lt/search?q=sensors+today+and+tomorrow&source=lnms&tbm=isch&sa=X&ei=HA5GU6vlB4eoO6OwgZAC&ved=0CAYQ_AUoAQ&biw=1536&bih=762#q=Application+of+Biofuel

+cells&tbm=isch&facrc=_&imgdii=_&imgrc=wIwGnxjw8EYvpM%253A%3Bpqklk0yQHuDQSM%3Bhttp%253A%252F%252Fwww.nature.com%252Fnmat%252Fjournal%252Fv8%252Fn8%252Fimag

es%252Fnmat2448-f7.jpg%3Bhttp%253A%252F%252Fwww.nature.com%252Fnmat%252Fjournal%252Fv8%252Fn8%252Ffig_tab%252Fnmat2448_F7.html%3B600%3B453

http://www.nature.com/nmat/journal/v8/n8/fig_tab/nmat2448_F7.html
http://www.nature.com/nmat/journal/v8/n8/fig_tab/nmat2448_F7.html
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(Bio)fuel cell

Really green 

energy 

Most usual generators of electricity

Advantages of biofuel cells  (1)

Chemical or nuclear energy

Thermal energy - Heat

Mechanical energy

Electrical energy
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Potential range

E / mV vs. NHE
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EЎ'pH7  = -320 mV vs. NHE
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EЎ'pH7  = +815 mV vs. NHE,
 
[O2]=0.26 mM

cytochromeshydrogenases complex I laccase

bilirubin oxidase

peroxidases

anode reactions cathode reactions

-400

H+/H2

EЎ'pH7  = -420 mV vs. NHE

cytochrome c oxidase

http://www.scielo.br/scielo.php?pid=S0103-

50532013001200002&script=sci_arttext
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NanoRobots, how to power them?
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Enzymatic Biofuel cells

Potentials of (1) MP-8 functionalized cathode as 

function of hydrogen peroxide concentration; (2) MP-

8/GOx functionalized carbon rod electrode as a function 

of hydrogen peroxide concentration; (3) MP-8/GOx 

functionalized carbon rod electrode as a function of 

glucose concentration; (4) QH-ADH functionalized 

anode as a function of ethanol concentration. 

Investigations performed in 50 mM Na acetate solution, 

pH 6, 

Direct Electron transfer

Ramanavicius A. Kausaite A., Ramanaviciene A, (2005) Biofuel cell based on direct bioelectrocatalysis, Biosensors and Bioelectronics,. 20: 1962-1967.

Ramanavicius A., Kausaite A., Ramanaviciene A., (2006) Potentiometric Study of Quinohemoprotein Alcohol Dehydrogenase Immobilized on the Carbon 

Rod Electrode, Sensors and Actuators B: Chemical, 113, 435-444.
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