21st International Symposium on Analytical and Emenmental Problems

Bio-Nanocomposites - Optoelectronics, Energy Conveion, Biosensors

Richard Csekg™”, Emil Nyerki!, Balazs Birta', Hiiseyin Anil Diblen'?,
Bilge Hilal Cadirci?, Tibor Szabd', Melinda Magyar', Kata Hajdu?, Klara Hernadi?,
Laszl6 Nagy

Ynstitute of Medical Physics and Informatics, Umsigy of Szeged, H-6720, Szeged, Rerrich
B. tér 1. Hungary
’Gaziosmanpasa University Tasliciftlik campus, Facaf Engineering and Natural Sciences,
Department of Bioengineering
"e-mail: Richard Csefk<csekorichard@gmail.com>

Abstract

Biological materials are developed by Nature fotrexely efficient, specific and sensitive
functions. There are more and more demonstratiecently that it is possible to attach them
to nanomaterials combining the advantageous piliegedf both components. These new
types of materials, calldoio-nanocomposite®pen possible directions for new generations of
practical applications, e.g. energy conversion atmtage, integrated optoelectronics in
memory and micro imaging, or sensitive componehtmnalytical (biosensor) devices, etc. In
our laboratory recently we have successfully bousgresentatives of redox proteins
(photosynthetic reaction centers and horse radesbxpdase) to inorganic nanostructures and
the optoelectronic properties and possible direstiof applications are investigated.
Examples for applications in environmental field aresented here.

Introduction

There are many examples that biological materiedsused in technical applications (e.qg.,
environmentally friendly biodegradable items analsbnsor devices) and vice versa, technical
developments (e.g., actuators, artificial tissussgd drug delivery systems) are used in
biological systems [1-3]. Because biological matisrare developed by Nature for extremely
efficient, specific and sensitive functions the wdetheir exceptional capacity would be
beneficial in hybrid systems combing them with gromic materials. The bio-nanocomposites
are of special interest because of their combirtkér@ageous properties and the possibility
of the appearance of some new characteristics. @amgbdifferent materials (organic or
inorganic as well) such substances can be cre&iadpose not only the advantageous
properties of the used materials but also newaétire features can appear. This way there is
a good chance to design and tune precisely thecteaistics of substrates we need for certain
application.

Different biological materials like drugs [4-5], pteles [6], proteins [7], and nucleic acids [8]
can be used in combination in nano-hybrid systesnm@eted accumulations in vitro and in
vivo, e.g. for cancer treatments. Specific biolagiecognitions are suitable for antibacterial
and antiviral targeting by nanomaterials decordbgde.g. antibiotics or antibodies. The
unique optical properties of carbon nanotubes eansed for biological imaging [9].

There are many potential applications of bionanquusite materials in new generations of
devices such as biosensors, integrated (opto)etectrdevices (switches or converters),
photoelectric energy conversion, and (single-md&dmaging [2,10].

In our laboratory we bound two representatives emfox active proteins (photosynthetic
reaction center (RC) and horse radish peroxidaggnem (HRP)) successfully to various
inorganic carrier matrices. Functionalized and haretionalized single (SWCNT) and multi
walled (MWCNT) carbon nanotubes [11], carbon nabetbundles [12], indium tin oxide
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(ITO) [13], porous silicon (PSi) [14] and condudimpolymers [15] were used and the
functional activities of these samples were denrates.

Aims

The aim of our work is to create functional bio-oemnmposite materials from nano-structured
carriers and RC or HRP enzyme proteins. This watuires a continuous design of a
measuring system to investigate the basic charsiiter(optical characteristics, electric
conductivity, redox properties, etc.) of our nargieyns. We would like to design a model or a
prototype of a device for possible future appliwat{integrated optical, electric conductance,
photocurrent, imaging, biosensors, etc.). Thereaapeliary processes providing connecting
points for other projects, e.g., using other reitvadox proteins and matrices, or phenomena,
which can be investigated.

Materials and methods

Biological samplefRCs were prepared routinely froRhodobactefRb.) sphaeroides purple
bacterial strains by standard protein purificapyocedures. HRP was obtained from Sigma.
These proteins were bound to different carrier medr by different methods (physical and
chemical binding), which is also routine in ourdadtory.

Inorganic arrier matricesFunctionalized and non-functionalized single (SWIGnd multi
walled (MWCNT) carbon nanotubes, carbon nanotubedlms were obtained from our
collaboration partners (Prof. Klara Hernadi, SZTEKA, and Prof. Laszl6 Forré (EPFL,
Switzerland, Lausanne). ITO was purchased fromisleecGlass (Germany), porous silicon
(PSi) was obtained from Vivechana Agarwal and GahrPalestino (Mexico). Conducting
polymers were prepared in collaboration with P@gaba Visy (SZTE DPCMC).

Experimental methodsSteady state and kinetic sbsorption spetra weresuned by
commercial bench top (Unicam) and home built spgtitotometers [16], respectively.
Composite electrode samples were prepared and qirceots were measured by a Metrohm
PGSTAT?204 potentiostat/galvanostate. Light induoaaductivity changes were measured by
a programmable Keithley 2400 multimeter.

Results and discussions

RC-nanostructures

We already have shown that the integral membraw¢eip; the photosynthetic reaction
center, could be attached to single-walled carbamotubes with the apparent binding to
specific site(s). Evidence was given that one eféffects of carbon tubes binding included
the stabilization of light-induced charge(s) in pisynthetic energy conversion. The
attachment of nanotubes increased the lifetimé®FQg” state within the protein , probably
due to the slow charge recombination between thdized primary electron donor,” Pand
negative semiquinone forms,aQand/or @, the reduced primary and secondary electron
acceptor quinones within the protein, respectivAfifer the excitation, the intraprotein charge
movements are followed by slower reorganizatiothefprotein structure (cf. Figure 1).
Specific interactions between the CNTs and RCsbeamvestigated if specialized chemical
(covalent) binding are achieved by several strateffi7]. Common or engineered functional
groups (like amine, carboxyl or sulthydryl) or sg@dized cross linkers can be used. Several
homo- (e.g., glutaraldehyde) and heterobifunctionét.g., sulfo-SMCC, N-(1-
Pyrene)iodoacetamide) cross-linkers can be usééhtbspecific and nonspecific sites of the
RCs to different carrier matrices.
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Figure 1. Schematic presentation of th=
positions of cofactors, and the path of tl
electron flow in the RC protein and of th
possible interaction between the carb
nanotube and the RC. (BChI)primary
electron donor bacteriochlorophyll dime
BChl: bacteriochlorophyll  monomer|
BPheo: bacteriopheophytine; ,Qprimary
quinone; @: secondary quinone. Blacl
arrows: the electron transport route.
indicates theelectron transport step, whi
is blocked by the inhibitor, terbutryn. 'Fe
and F& are reduced and oxidize
ferrocene, respectively [11].

A promising approach is to bind the RCs to ITO r@s$parent conducting electrode) in a
photo-electrochemical cell through conducting payniPoly(3,4-ethylenedioxythiophene)
(PEDOT), Poly[bis(4-phenyl)(2,4,6-trimethylphenyldmine] (PTAA)). The conducting
polymer connects larger amount of RCs and wirestreles to the working electrode. The
RC/PTAA/CNT complex showed photochemical activity iadicated by flash photolysis
experiments and a photocurrent was measured whashsensitive to the electron transport
mediator applied (externally added electron domeoeptor or specific inhibitor (like
terbutryn).

Photosynthetic RC proteins offer unique applicatjoior example, their use in the
nanostructures or in the optoelectronic systemshése systems the electron — arising from
charge separation — is trapped in the redox compsnef the RC or its molecular
environment and, among other things, can partieifratelectric circuits. The fabrication of
systems for efficient light-energy conversion (gghotovoltaics), integrated optoelectronic
systems or biosensors (e.g., for specific detecifgpesticides) can be visualized for the near
future.

Measuring light-induced change in the current gchpphotocurrent) in an electrochemical cell
is an elegant demonstration of the suitabilityhed photosynthetic systems for photovoltaics,
or other practical applications in optoelectron{esg. for sensing elements for specific
compounds, like pesticides). Two of our RC basedpmsites were successfully tested and
found to be active in electrochemical cells. It l@®n demonstrated that continuous redox
turnover of nanocomposite prepared from PTAA/MWCHITd RCs bound to ITO can be
driven by light if quinone is added to the solution mediating the electron transport between
the working and the counter electrode.

Real time sensing of,-B, by HRP biosensor

The accurate and sensitive determination gdHs very important in laboratory experiences
because it is a product of reactions catalysedelbgral oxidase enzymes in living cells and it
Is essential in environmental and pharmaceuticalyaes. The fabrication of a device with
the sensing component of enzyme protein based)$biosors is a promising way for this
purpose because the function of biological molexidevery specific, sensitive and selective.
HRP is the most commonly used enzyme y0Hdetection because it can oxidize xenobiotics
in the presence of .. In order to define the limit of detection (LOD}) H,O, we made
calibrations with guaiacol and amplex red (AR), ethchemicals are substrates of HRP. The
accumulation of the reaction products, tetragudiand resorufin, then can easily be detected
by absorption or emission spectroscopy. In our ewmnts an enzyme electrode was
fabricated from ITO, MWCNT and HRP. LOD was caldath in both cases. The,&
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decomposition was about 0.15 nM®4/sec in the case of guaiacol and 0.075 njDikec in
the case of AR. Our measurements indicated thatetimyme activity yields 122.8 M
[H20,)/(M [HRP] - sec) with guaiacol and 49.5 M {&,])/(M [HRP] - sec) with AR [18].

Acknowledgements

Work was supported by grants from Switzerland tgtothe Swiss Contribution (SH/7/2/20),
from the National Research, Development and InnondiNKFI) Fund (OTKA K112688 and

PD116739). Thanks are due to the helpful discussiaith members of European
Cooperation in Science and Technology network, PEBBDECH COST TD1102 and to Ms.
Judit Toth for the valuable technical assistance.

References

[1] O. Shoseyov, I. Levy, I. Nanobiotechnology: Bigpired Devices and Materials of the
Future; Humana Press. Inc.: Totowa, NJ, 2008.

[2] M. Darder, P. Aranda, E. Ruiz- Hitzky, Adv. Mat 19 (2007) 1309.

[3] M.T. Giardi, E. Pace, Trends. Biotechnol. 28@3) 257.

[4] R.P. Feazell, N. Nakayama-Ratchford, H. Dal). S.ippard, J. Am. Chem. Soc. 129
(2007) 8438.

[5] Z. Liu, A.C. Fan, K. Rakhra, S. Sherlock, A. @twin, X. Chen, Q. Yang, D.W. Felsher,
H. Dai, Angew. Chem. Int. Ed. Engl. 48 (2009) 7668.

[6] D. Pantarotto, J.P. Briand, M. Prato, A. Bian€hem. Commun. 1 (2004) 16.

[7] N.W.S. Kam, H. Dai, J. Am. Chem. Soc. 127 (206621.

[8] Y. Liu, D.C. Wu, W.D. Zhang, X. Jiang, C.B. H&,S. Chung, S.H. Goh, K.W. Leong,
Angew. Chem. Int. Ed. 44 (2005) 4782.

[9] A. De La Zerda, C. Zavaleta, S. Keren, S. Viliigam, S. Bodapati, Z. Liu, J. Levi, T.-J.
Ma, O. Oralkan, Z. Cheng, X. Chen, H. Dai, B.P. Kiakub, S.S. Gambhir, Nat.
Nanotechnol. 3 (2008) 557.

[10] P. Ormos, L. Fabian, L. Oroszi, E.K. WolffJJRamsden, A. Dér, Appl. Phys. Lett. 80
(2002) 4060.

[11] M. Dorogi, Z. Balint, Cs. Miko, B. Vileno, MMilas, K. Hernadi, L. Forro, Gy. Varo, L.
Nagy, J. Phys. Chem. B 110 (2006) 21473.

[12] L. Nagy, K. Hajdu, Sz. Torma, S. Csikés, TaBa, M. Magyar, D. Fejes, K. Hernadi, M.
Kellermayer, E. Horvath, A. Magrez, L. Forré, Ph@satus Solidi B, 251 (2014) 2366.

[13] T. Szabd, G. Bencsik, M. Magyar, Cs. Visy,&ngl, K. Nagy, Gy. Varo, K. Hajdu, G.
Kozék, L. Nagy, Mater. Sci. Eng. C 33 (2013) 769.

[14] K. Hajdu, Cs. Gergely, M. Martin, T. Cloitre, Zimanyi, K. Tenger, P. Khoroshyy, G.
Palestino, V. Agarwal, K. Hernadi, Z. Németh, L.gyalLangmuir 28 (2012) 11866.

[15] T. Szabo, M. Magyar, Z. Németh, K. Hernadi, Badidi, G. Bencsik, Cs. Visy, E.
Horvath, A. Magrez, L. Forro, L. Nagy, Phys. StaBddidi B, 248 (2012) 2386.

[16] J. Tandori, L. Nagy, A. Puskas, M. Droppa, Hrvath, P. Mardéti, Photosynth. Res. 45
(1995) 135.

[17] L. Nagy, M. Magyar, T. Szabo, K. Hajdu, L. @& M. Dorogi, F. Milano, Curr. Protein.
Pept. Sci. 2014;15:363.

[18] M. Magyar, K. Hajdu, T. Szabo, B. Erdii, K. Hernadi, E. Horvath, A. Magrez, L.
Forrd, Cs. Visy, L. Nagy, Phys. Status Solidi B0Z2013) 2559

59



