JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Assembly and Charge Transfer in Hybrid TiO

Architectures Using Biotin-Avidin as a Connector
Nada M. Dimitrijevic, Zoran V. Saponjic, Bryan M. Rabatic, and Tijana Rajh
J. Am. Chem. Soc., 2005, 127 (5), 1344-1345+ DOI: 10.1021/ja0458118 + Publication Date (Web): 12 January 2005
Downloaded from http://pubs.acs.org on March 24, 2009

biotin =g avidin

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 14 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0458118

JIAIC[S

COMMUNICATIONS

Published on Web 01/12/2005

Assembly and Charge Transfer in Hybrid TIO  , Architectures Using
Biotin —Avidin as a Connector

Nada M. Dimitrijevic,* Zoran V. Saponjic, Bryan M. Rabatic, and Tijana Rajh
Chemistry Diision, Argonne National Laboratory, 9700 South Cas&rue, Argonne, lllinois 60439

Received July 12, 2004; E-mail: dimitrijevic@anl.gov

Coupling size-dependent optical and electrochemical properties i
of inorganic nanoparticles with the functionality of biomolecules .
enables site-selective chemistries that take advantage of integrated
properties of hybrid$.The functionalization of gold nanoparticfes
and quantum dofswith biomolecules has enabled molecular
recognition of oligonucleotides and optical communication between
guantum dots and chemisorbed proteirfsThe wiring of redox

150 nm

Figure 1. Transmission electron micrograph of the tip-to-tip assembled
TiO2 nanorods using biotinavidin as the connector.

enzymes with gold nanoparticles has facilitated electrical com-
munication between the biocatalyst and electrodée have recently
developed hybrid nanocomposites which electronically link photo-
active TiG, nanoparticles to DNA that can be used as a fingerprint
of oligonucleotide hybridizatioA.The advantage of using TiO

the valeric acid chain of biotin was replaced with dopamine through
its terminal amino group. Dopamine end-labeled biotin binds to
the surface of Ti@ nanoparticles through the bidentate complex

of dopamine OH groups with undercoordinated Ti surface atoms.
The formation of the bidentate complex of dopamine-end-labeled

nanocomposites lays in their efficient separation of photogeneratedpiotin with TiO, was demonstrated by the increase in absorption.
charges that enables redox chemical reactions with attachedThe conjugation of biotin to Ti@was demonstrated using 4-hy-

biomolecules. New challenges in the fabrication of functionalized
protein—TiO, hybrids arise from coupling light-induced site-specific
redox chemistry with conformation of protein. These hybrid

architectures and ensuing chemistries can either utilize or alter

protein functionality.
In titanium dioxide particulate nanocrystallites, the Ti atoms are

droxy-azobenzene-2-carboxylic acid labeled avidin (HABA assay),
and fluorescein isothiocyanate (FITC) labeled avidin (Supplement
1 in the Supporting Information).

The assembling of Ti@-protein hybrid architectures was
performed using a procedure similar to the one previously described
for gold nanorods! One part of biotinylated Ti@nanorod solution,

hexacoordinated (octahedral) in the bulk, whereas they are pentaphosphate buffer pH 7, was mixed with the excess of avidin and
coordinated (square pyramidal) at the surface. Enediol ligands suchincubated overnight. The unbound avidin was washed out by
as dopamine (DA) have a large affinity for these undercoordinated repeated centrifugation, decanting, and washing with water. The
surface sites, restoring the Ti atoms to the octahedral coordinationsolution of concentrated TiZDA —biotin—avidin was mixed with

and forming irreversible ligand-to-particle charge-transfer com- the solution of TiQ/DA—Dbiotin and incubated for a few hours.
plexes® In these hybrid structures localized orbitals of surface The resulting binding of avidin with biotin produces almost
attached ligands are electronically coupled with the delocalized exclusively tip-to-tip assembly of Tigods. The number of attached
electron levels from the conduction band of a T&@miconductor. rods depends on the ratio of concentrations (Supplement 2). For
As a consequence of this conformation, absorption of light by the low ratio, doublets and, in some cases, triplets were observed.
TiO,—dopamine (TiQ/DA) system vyields to the excitation of  Increasing the concentration of added FIDA—biotin—avidin
electrons from the chelating ligands directly into the conduction hybrids resulted in the formation of more complex structures, such
band of TiQ nanocrystallites, without transitioning through the as wirelike assembly, Figure 1. The tip-to-tip assembly of nanorods
enediol excited state. The photogenerated charge pairs separate ovefan be explained by the presence of specific surface sites at the
an extended distance-R0 A), holes localize on the dopamine tips of the nanorods. Analogous to the small Tigrticles €20

ligand, and electrons localize in TiGhvanoparticles. Our recent
progress in the synthesis of Ti@anocrystallites (particles, rods,
tubes, sheets) and understanding of their surface strutteresble

nm), the high curvature of the surface at the tips of the nanorods
gives rise to undercoordinated Ti atoms, promoting the binding of
dopamine exclusively to these sites. The structure of these surface

control of the surface sites in differently shaped nanocrystals. This defect sites at the tips is such that it dominates the binding and,

control can be exploited for assembly of complex F&echitectures
composed of both axially symmetric and anisotropic crystalline

thus, chemical properties of Tianorods.
The light-induced charge separation in avidiiiO, hybrids is

nanomaterials. Taking advantage of the enediol ligands selectivity an initial step in manipulating conformation of avidin that can result
for Ti surface states, we conjugated biotin to Ti@nocrystallites in the changes of protein redox and binding properties and is, thus,
of different shapes (4.5 nm particles and00 nm elongated rods)  exploited for nanomachines. The charge separation and distance-
using dopamine as a bridging linker. Strong binding in the avidin ~ dependent charge transfer in the avidifiO, hybrids was studied
biotin system (association constant of4M 1) was exploited for with low temperature electron paramagnetic resonance (EPR)
the assembly of proteiiTiO, hybrids and for studies of charge-  spectroscopy. EPR spectroscopy provides an unambiguous identi-
transfer processes between metal oxide and avidin. fication of the species involved in the charge separation processes
The conjugation of biotin and its analogue, LC-biotin, onto JiO by revealing changes in local symmetry and hyperfine couplings
nanocrystallites was performed by the condensation reaction of along the pathway of charge carriers. Using EPR we have previously
amino groups on dopamine ahdhydroxy-succinimide on biotin identified (TP"),.« and dopamine (with spin density on the pendant
derivatives. In the first step, the succinimidyl group on the end of CH,—CH,—NH, side chain) as radical species formed upon
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Figure 2. Normalized X-band EPR spectra obtained at 4.6 K after
illumination (Xe 300 W lamp) of (a) Ti@DA (red line) and TiQ/DA—
biotin (black line) and (b) Ti@DA—biotin—avidin hybrids: black line

corresponds to biotin, and blue line, to LC-biotin. BN abbreviates for biotin.

Frequency 9.0 GHz.

Scheme 1. Schematic Representation of Binding of Avidin to TiO»
Nanocrystallites via Biotin?
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sulfur, Scheme 12 When these hybrids were photoexcited, a new
EPR spectral feature was observed indicating transfer of photo-
generated holes from TiQo avidin, Figure 2b. The line shape of
EPR signal is characteristic of tyrosine radical having its spin
density in the aromatic ring with 16 G hyperfine coupling to the
B-methylene proton¥17 This suggests that oxidation of avidin
occurs most probably at Tyr 33, because it forms a critical hydrogen
bond with the biotirt® Tyrosine and tryptophan are two amino acids
in avidin prone to oxidatiof? tyrosine having a more negative redox
potential being easier to oxidize. Exchanging biotin with LC-biotin
resulted in decreased oxidation of avidin, confirming the site-
specific charge-transfer reaction, Figure 2b and Supplement 3. In
a complex between LC-biotin and avidin, the distance between
dopamine and thiophene ring increases from 13.5 A (biotin) to 22.4
A (LC-biotin), and the L3,4 loop is disorderéd,which all
contribute to the larger distance between avidin and,TiO

The EPR spectra demonstrated that light-induced site-specific
charge transfer from TiPto avidin changes the redox state of
protein. The research of the light-induced changes in avidin's
functionality in binding biotin, as well as charge transfer across
wirelike and other complex architectures, is underway.
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