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Ramin Djalali, Yung-fou Chen, and Hiroshi Matsui*

Department of Chemistry and Biochemistry at Hunter College and the Graduate Center,
The City Unbersity of New York, New York, New York 10021

Received August 23, 2002

There has been much interest lately in ordered two- and three-
dimensional device fabrications by using nanowires as building
blocks? Recently, biological recognitions between DNAs or proteins \/~~ —> "
have been incorporated in the nanodevice structures to sense specifi
chemical species or to align nanocomponents onto desired loca-
tions? Although patterning DNA- and protein-assembled nanowires
in device conformations is relatively straightforward due to their “"" > H
robust and reproducible recognition functid¥fdt is necessary for
those nanowires to be conductive to function as electronic devices
and sensor®.4In the past, metallization of nanowires was achieved
by electroless coating; however, it was relatively difficult to obtain ) o o
uniform costing on those bilogica nanoires due to contamination [0 L SEfeme of Au panove sbreaion, () imohiaton of,
with precipitates of reduced metal particles. This in turn makes gicarboxylate nanowires. (b) Au coating nucleated at the histidine sites of
reproducible electronic transport and absorption measurementsthe nanowires.
problematic.5.6

Biological systems control mineralizations and nanocrystal
synthesis of various metals in organismeslistidine-containing
peptides have been studied extensively because their high affinities z 4400
to metal ions damage central nervous systems by altering protein
conformations into abnormal forms via histidinmetal complex-
ation, and this protein deformation may cause Parkinson’s and Alz-
heimer’s diseasesRecently, specific sequences of peptides were
used to mineralize specific metals and semiconductors to produce
highly crystalline nanocrystafsi® and this mineralization strategy ]
could also be applied in metal nanowire synthesis. An advantage 1 2000
to apply biological recognitions to synthesize metal nanocrystals/ 1
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tamination of precipitated metal aggregates. This is important when Figure 2. Raman spectra and AFM images (insets) of the nanowires (a)
those nanowires are practically used as the building blocks for before, and (b) after immobilizing sequenced histidine-rich peptide on the

I,{u’smowires (top trace). Bottom trace in (b) represents the neat histidine-rich

electronics and sensor devices because uniform metal coatings wit beptide spectrum (also see Supporting Information).

the small and monodisperse domain sizes are crucial to optimize
nanowire conductivity and to detect changes in conductivity and the aid of a reducing ageHt,was immobilized on the heptane
absorption induced by analyte adsorption on metal nanotube dicarboxylate nanowires at the binding sites. After the heptane
surfacegh 11 dicarboxylate nanowires were washed with deionized water several
Here we report a new biological approach to fabricate Au nano- times, a 1-mL solution of the heptane dicarboxylate nanowire was
wires by using sequenced histidine-rich peptide nanowires as tem-mixed with a 1-mL solution of the histidine peptide 2nol) in
plates. Monodisperse Au nanocrystals were uniformly coated on Tris buffer (0.1M, pH 8.6) for 24 h to immobilize the histidine
the histidine peptide nanowires with high-density coverage, and peptide onto the nanowires. Figure 2 shows the comparison of the
the crystalline phases of the Au nanocrystals were observed as (111hanowire surfaces before and after immobilization of the histidine
and (220). peptide by atomic force microscopy (AFM, Digital Instruments)
Fabrication of the histidine peptide nanowires involved two steps and Raman microscopy (JY/Horiba, LabRam). Prior to the histidine
(Figure 1). First, bid{-o-amido-glycylglycine)-1,7-heptane dicar-  peptide immobilization, the nanowire surface was very smooth in
boxylate molecules (10 mM) were self-assembled into nanowires the AFM image (Figure 2a, inset), and vibrational frequencies of
in a pH 5.5 citric acid/NaOH solutiol. This nanowire incorporates  the nanowire surfaces (Figure 2a) match characteristic vibrational
binding sites that have high affinity to biological molecules such modes of the heptane dicarboxylatédowever, after the histidine
as DNAs and protein8:14 Then a histidine-rich peptide with the  peptide was immobilized on the nanowire surface, significant
sequence A-H-H-A-H-H-A-A-D'® reported to mineralize Auwith  changes can be seen in the AFM images and Raman spectra. The
*To whom correspondence should be addressed. E-mail: hmatsui@ Raman spectrum of _the hiStidine_ p?ptide_immc’bi”zed nanowire
hunter.cuny.edu. surface agrees well with the neat histidine peptide spectrum (Figure
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Figure 3. (a) TEM image of Au on the nanowire coated with the sequenced histidine-rich peptide (inset: electron diffraction of Au on the nanowire). (b)
Size distribution of Au nanocrystals on the nanowires. (¢) TEM image of Au on the nanowire without the sequenced peptidev{gpb&6rption spectra
of (a) and (c). TEM was operated at 80 keV of the electron acceleration voltage.

2b), and the nanowire surface structures were altered by the histidinecontrol biological mineralizations and biological immobilizations
peptide adsorption in the observation of the AFM image (Figure may produce various structures of electronics and sensor devices
2b, inset). These results indicate that the histidine peptide wasin a simple and economical manner.

immobilized on the nanowire surface.

To coat the histidine peptide nanowires by Au, 10 mg of
CIAuPMe; was mixed with the histidine peptide nanowire solution
(4 mL) (Figure 1). After the mixture was allowed to sit for 5 days
to complete immobilization of Au ions with the histidine on the
nanowires, 10umol of reducing agent, NaBjl was added to
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produce Au coatings on the nanowires. The coated Au nanocrystals(pDF). This material is available free of charge via the Internet at http://
on the nanowires were observed by transmission electron micros-pubs.acs.org.

copy (TEM, Philips EM420). The TEM image of the reduced-Au
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