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Some Research Directions in NanoTechnas

* Bio — AFM (Veeco)
* SPR device (ECO-
Chemie);

« QCM+EQCM
(MacTex);

Potentiostat/Galvanostat
(ECO-Chemie);

EESyringe pumps
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Some Research Directions in NanoTechnas

Sensors Fuel cells
and and
Biosensors iofuel cells
Catalytic DNA 1 Immuno- Moleculary
Enzymatic  $ensors Sensors imprinted
polymer
Sensors based
Sensops
Treatment Biomedicine:
and Implants;
F IR —— :
Modification < - Drug delivery
of Living A systems
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Do we need sensors?

Why do we need sensors?

Sensors // What they are??
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Biosensorics
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Sensots E{eality and Dreams
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P glucose sensor
0.5x0.5x5mm
Regular 18-gauge

hypodermal needle
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Biosensors

Part of biological tognition (catalyst)

Signal transducer

I
Flindamental task —
stabile and effective
attachment’of biological
objects on the surface of
siénal transducer.

Electron transfer (ET)

reactions involve the

movement of an
electron from one

_ — . molecular species (the

blOSEﬂSOI’S GIECtron donor) to another (the

transfer Is requested acceptor)

Registration

. device
In electrochemical



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



1 Enzymes are biological catalysts
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There are known abouf 40,000 different enzymes alone in
trolling a different chemical reaction.
a factor of between
reactions that make life

human c
They increase the rate of reaction

—10 to 10" times, allowing the ch
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
reactions of cells respiration,

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

(such as

membrane pumps and receptors



Enzyme changes shape

Substrate slightly as substrate binds

' Product 5

f Active site

NA

= = =

Substrate entering Enzyme/substrate Enzyme/products Products leaving
active site of enzyme complex complex active site of enzyme
& | Pointof
. saturabon
Maximum rate
g “Reaction
E with enzyme
&
4 4
Reaction without
P /
enzyme._ I
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Concentration of substrate

Standard free energy
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initial state

Enzymatic catalysis
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final state
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Course of reaction
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Classes of Enzymes
%@#. Cl Cl ical Reacti : e E
K Catalyzed

Cradation-reduction m which copgen
and hydrogen are gained or lost

Cytochrome ceadase, laciate
dehydrogenase

energy usually dermeed from the
breakdown of ATF)

Transferase Transfer of functional groups, such | Acetate kinase, alanine
a5 an aming group, acetyl group, or | Seaminase
phosphate group
Hydnalase Hydrobysis (addibion of water) Lipase, sucrase
Lyass Removal of groups of atoms Chalate decarboxylase,
without Fepdrolysis isocirate ase
lsomerase Rearrangement of atoms within a Glucose-phosphate somerases,
miclecule Sanine racemase
Ligass Joining of two molecules (using poetyCod symthetase, DMNA

ligass



Some Examples of Enzymatic
Redox Reactions
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Some Examples of Enzymatic
: Redox Reactions

(Oxidative phosphorylation)
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. Some Examples of Enzymatic
Redox Reactions
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Biosensors

Part of biological tognition (catalyst)

Signal transducer

I
Flindamental task —
stabile and effective
attachment’of biological
objects on the surface of
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Electron transfer (ET)
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movement of an
electron from one
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“Major immobilization methods
gused for design of biosensors

= Adsorption;
= Covalent attachment;

= Cross-linking with chemical agents

= Application of SAM’s followed by covalent attachment

=« Entrapment within polymers

no’lTechnas



Immobilization

. methods cross-
prstl2)e G linking

Pentandiol
(Glutaraldehyde)

A o
Bio — NH, +} H/C-(CH2)3-C\H + H,N- Bio mp iy —N=CH-(CH,)-CH=N— Bio

/ _
Bio
Bio
Bio I
Bi
\ 0 nolechnas



Active-site

Substrate (metals, semiconductors, ceramics, polymers, etc.)



Entrapment within polymers / Chemical
structures of common conducting polymers /
Selection principles

Can be electrochemically : ~ Can be doped by
synthesized on the ﬂ biological objects
conducting surfaces. | >nT | e.qg.: proteins.
il | an
H
Polypyrrole

The layer is stabile and Car_1 % syn_theS|_zed At MEVilie] _pH.
: (It is especially important during
elastic . S . )
Immobilization of biological
objects)
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The Electrochemical synthesis of conducting
polymers (e.g. polypyrrole)

\;
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i S N N _» CH,OH
A ’ R COOH




S
+H +e

Electrochemical
reduction
‘HO
2

Electrochemical
polymerisatio

+Cu(N03)

Attachmento
nitrogroup

Immobilization of
bio-molecules on
the  surface  of
electrochemically
synthesized

Electrochemica Activation of HOO 7
reductio % by EDC polypyrrole

Ramanavicius A., Habermiller K., Razumiene J., Meskys R., Marcinkeviciene L., Bachmatova |., Cséregi E., Laurinavicius V., and Schuhmann W. (2000) An
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.



Immobilization of bio-molecules within
electrochemically formed polypyrrole
(Entrapment of bio-molecules within Ppy)

Pt electrode

P s

N
7\ R/
E, mV TN \ / Hn

950 | ‘yt 0,
/

»




s8._chrono-amperqgram,

Control of Ppy
film growth

400
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° et
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-400 * “‘0. 0099004000000
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-800 | Where:
0 20 700 - Z=441.0+8.1;
' . K=825.0+2.45;
'S W50 L=0.3751+0.0112;
c D=2. (1,95 0,03)
o U 5
Y 55 :)\— i
- Dependence of anodic peaks on

' the pulse number during the
450 - polymerization procedure.
400

10 15 20 25 30
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=, Polypyrrole Coated Glucose Oxidase Nanoparticles
0.

Glucose [:“ "“']Syﬂ\'zﬂ

ri Glucose 7 q - ? 10, Py y 1]
Gluconolactone/L (%03( H-Ixi D H,0, = /{i‘ Degt’ [\
LHED Gluconolactone{\r-"/ “‘xl/} H0,
Scher%'%ﬁ“'c ““representation of glucose oxidase coating by

polypyrrole initiated by catalytic action of this enzyme.

Glucose| ™=

Gluconic acid <
~]

Carbon electrode

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 polypvrrole Synthetic Metals, 156. 409-413 ///



Activity of entrapped enzymes

O,

!

Glucose |

Gluconic acid €_

Carbon electrode

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
gused for design of biosensors

= Adsorption;
= Covalent attachment;

= Cross-linking with chemical agents;

= Application of SAM’s followed by covalent attachment;

« Entrapment within polymers.

S E-N R - N

foYW s N s
S\H\/S

S N A N

S

A W

Conducting polymers might be very useful: (i) for modification, (ii)
and for protection of biosensor surfaces. (2"d lecture)
Nano'lechnas



Electrode\w'

Gluconolactone 2H202

The most promising Enzymes, since has
“well established intrinsic electrical
circuit” and are able to transfer electrons
directly to conducting surfaces.

Glc

Electrode v

Gluconolactone 2NADH

Gluconolactone

1=PMS; DCPIP; BQ

Alcohol

Aldehyde

‘ Electrode\w'

Electrode ‘




Oxidases — mostly used enzymes
In catalytic biosensor design

Product G | C. 2 H C]' .+ [_\ Substrate Produ
a \

Med Med 4

—
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FAD cofactor

* Flavin adenine dinucleotide (FAD) is a redox cofactor
involved in several important reactions 1n metabolism

Oxidized: FAD
H 0 )
G i
H;,C""'{i.:f "‘“.ﬁ;"‘ ﬁfl:'” "“*—TI —H
H,C—C c c C=0
3 %fi.:-"' ‘Hrrl-"" “‘-&-N.-" )
HH —I.'l:—H
Hw—ulz—c:uH
Ribitol < H—cl: OH r-i.|H=,
H—rlz—fzuH " anctch_w:#
H—C—H I Il
| HC Coe

= Flavin @

M

%-EH
s

H,C c*
H,C l!:.,qer

¢ Adenosine

-

Semiquinone

010
10

Ribital

2P—Adenasine

Reduced: FADH,

CI H,C '::.q@b:r .-**':x C

Ritital

2P—Adenosine



NAD-dependent dehydrogenases
In catalvtic biosensor design

Gle, 2NAD'

I““
NAD}\ | Substrate Produ
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VITAL NUTRIEN

Gluconolactone

Pyrroloquinoline quinone [PQQ]

Prosthetic group of bacterial
quinoprotein dehydrogenases

PQQ
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PQQ Cofactor

Pyrroloquinoline quinone (PQQ)

COOH OOH
HOOC HN \ HOOC HN \
TYR
<
>
COOH COOH
AuNP SAM Tyrosinase

PQQ

Glassy carbon



Cytochrome c

300

Cytochrome ¢, adsorbed onto the surface
of multiwalled carbon nanotubes, showed
i enzyme-like activity to catalyze the 200+
, reduction of oxygzen.

< 0.
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Figure 5. Schematic picture of multi-factor enzymes and the elec-
tron transter pathway.
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2HT + Ethanal
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C, mM
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,
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