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Preparation of nanowires based on the tobacco
mosaic virus and gold nanoparticles
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The technique of producing nanowires based on TMV and gold nanoparticle, which
consists of multiple cycles of sequentially adding the metal source, viruses and reduced
agent, was developed. A study carried out of the physicochemical properties and the
morphology of the nanowires obtained by atomic force microscopy and X-ray photoelectron
spectroscopy "angular resolution”. It was found that the resulting hybrid virus-inorganic
structure prefer to cluster ordering. Interaction nanowires with the substrate charac-
terized C—N bond. Bond N-C=0 characterized binding virions with each other.
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Paspaborana meromuKa moJydyeHHS HAHOIPOBOAOB HA OCHOBE BHpPyca TabauHOl MO3aMKU
Y HAHOYACTHUI[ 30JI0TA, KOTOPAA COCTOUT M3 HECKOJBKHMX IIUKJOB IIOCJIELOBATENHLHOTO L00aB-
JIEHUS HNCTOYHMKA METAJJa, BUPYCOB M BOCCTAHOBHUTENA. IIpoBemeHo mcciaemoBanue QUSUKO-
XUMHUYECKHX CBOMCTB M MOPQOJOTUH IOJTYUYEHHBIX HAHOIIPOBOLOB METOJAMIU ATOMHO-CHJIOBOM
MUKPOCKOIIMY M PEHTI€HOBCKON (DOTOBIEKTPOHHON CIIEKTPOCKONMM C  yIVIOBBIM pPaspelleHu-
eM”. YCTaHOBJIEHO, UTO IIOJYYEHHBIC IMOPHUHbIE BUPYC-HEOPraHUUYEeCKNe KOHCTPYKIIUY IIPeJ-
HOUYNTAIOT KJIACTEPHOE yIIOpAxoueHIre. BaamMmomeiicTBue HAHOIPOBOIOB C IOIJOMKON Xapak-
tepusyer cBasb C—N, cBsass N-C=0 xapaxTepusyer cBi3b BUPUOHOB APYT C APYIOM.

OTpuMaHHS HAHOAPOTIE HA OCHOBI Bipycy TIOTIOHOBOI MO3aiKM Ta HAHOYACTHHOK 30JI0Ta.
B.JI.Kapb6iscvruii, HA.Kypzau, B.X.Kac’aneurxo, 0. AJyx’ anenro, JI.I.Kap6oscvra.

Pospobieno MeToauKy OTpUMMaHHS HAHOAPOTIB Ha OCHOBI Bipycy TIOTIOHOBOI Moszaiku Ta
HAHOUACTUHOK 30JI0Ta, AKa CKJAAAETLCA 3 JeKiJIbKOX IMKJIIB MOCIHIiTOBHOTO JOJaBaHHS IKe-
pena Mertany, BipyciB i BignoBHUKa. IIpoBemeno mocaimskenns (ismKo-XiMiuHMX BJIACTHBOC-
Ted i mMopdosoril oTpuMaHUX HAHOJAPOTIB MeTOJaMM aTOMHO-CUJIOBOI MiKpockomii Ta peHT-
TeHiBCLKOI (POTOENEKTPOHHOI CIEKTPOCKOMii 3 ~KYTOBOI PO3ALILHOI 37aTHiCcTIO . BeTanos-
JIeHO, T1I0 OoTpuMaHi TridpuaHi Bipyc-Heopramiuni KoHCTPYKIii HazawTs mepesary
KJIACTEPHOMY BIIOPAAKYBaHHIO. B3aeMoAito HAHOAPOTIBE 3 MiAKIATKOI0 XapaKTepU3ye 3B’ AB0K
C—N, sB’asox N—-C=0 xaparTepusye 3B’A30K BipioHiB 0ogmH 3 omHHUM.

© 2015 — STC "Institute for Single Crystals”

1. Introduction

One of the intractable problems in the
field of nanotechnology is to produce nano-
objects of the same shape and size. To solve
this problem, the most promising is the use
of tobacco mosaic virus (TMV) [1]. TMV can
be chemically and genetically modified to
varying physical properties and it adapta-
tion to specific applications. Currently in
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the world conduct research for the use of
TMYV in the production of nanowires, nano-
structured thin films, biomimetic surface
sensors, microbatteries high performance,
solid-state nanoelectronics and biosystems
engineering. The intensity of these studies
due to the fact that the area of microelec-
tromechanical systems is constantly evolv-
ing and allows more efficient miniaturized
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Fig. 1. AFM image of nanoparticles of Au (a) and nanowires Au-TMV (b).

a)

the functional devices and integrated sys-
tems [2—-6]. However, the fundamental limi-
tations of microtechnology not allow to go
beyond certain dimension limits. Therefore,
the integration of nanostructured materials
into functional devices remains a challenge
that can not be solved by standard methods
and materials [7-9].

Tobacco mosaic viruses have a charac-
teristic structure which is similar to nano-
cables — hollow proteinaceous tube which
extends inside the "wiring” of the RNA.
Length virus is 300 nm, external diameter
— 18 nm, and the inner cavity has a diame-
ter of 4 nm. Virus capsid consists of
2130 protein molecules (monomers) turning
of spiral around the RNA strand. Monomer
of the protein consists of 158 amino acid
residues [10]. TMV heat resistant virus. It
can withstand 60°C for 30 min.

Advantages of the use of TMV are as
follows: all of one type TMV particles are
identical in structure, shape and size;
virions (mature viruses) TMV can exercise
self-assemble and form organized structures
defined, for example, the chain connecting
the ends; they are very stable both chemi-
cally and physically, and, finally, they may
be coated metal, silica and semiconductor
materials [11-15].

The surface of the virus is composed of
repetitive amino acid chains. The inner cav-
ity preferably consists of glutamic and
aspartic acid, as the outer surface is com-
posed of a large number of lysine and
agrinin radicals. This fact suggests that the
surface of the virus to be reacted with
metal nanoparticles (gold, silver) [12-14,
16-18].

Functional materials, 22, 2, 2015

100 nm

b)

Attaching various nanoparticles to the
virus molecules can be controlled by alter-
ing the chemical environment interaction
(pH, presence of oxidation / reducing agent)
[19-21].

2. Materials and methods

For nanowires preparation were devel-
oped a new method based on citrate method
synthesis of metal nanoparticles [22] and
includes the preparing of the metal source
and reductant stock solutions and the gold
recovery process through several cycles of
mixing solutions, in the presence of the pu-
rified and modified TMV. The procedure in-
volves the following steps: preparing a
stock  solutions KAuCl, and 1 %
Na;CgHgO7:2H,0O and obtaining of colloidal
gold via addition of the sodium citrate solu-
tion to the boiling solution of potassium
tetrachloroaurate in a ratio of 20 ml of
1 mM KAuUCl, + 2 ml 1 % NazCgHz0,-2H,0
in several stages and stirring until the red
color. In the first step, after addition of
sodium citrate were added purified TMV vi-
ruses. At the end of the procedure, after
the last stage, the sodium borohydride
NaBH, was added as the reducing agent.
The choice of procedure for the recovery of
gold a few cycles due to the fact that usu-
ally the virus particles were incubated with
KAUCl, from 30 min to three hours, hoping
that this time anions [AuCl4]* will be lo-
cated near the positively charged amino
acids on the virion surface, and then spend
the recovery of gold the addition of NaBN,.
However, considering the fact that the
mechanism of the nanowire formation con-
sists of piecemeal self-assembly process of
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Fig. 2. The optical spectrum of Au nanoparticles.

the gold nanoparticle on the surface of the
tobacco mosaic virus due to the appearance
of a potential difference, the recovery of
gold in several cycles (the optimum number
of cycles 5—7) enabled not only reduce time
incubation of virions to 7-12 min for one
cycle, but also to avoid bio-induced gold re-
covery (before adding the reducing agent)
and as a result, the formation of larger
nanoparticles.

To avoid clumping nanoparticles used
ethanol, which was added after the first
cycle.

The size of the nanoparticles after the
fifth cycle was approximately 15-20 nm
(Fig. 1a). The hybrid bioinorganic virally-
gold structure was about 50 nm in diameter
and 150-400 nm in length. Uncoated gold
TMYV virions were not detected (Fig. 1b).

We used the tobacco mosaic virus solu-
tion in water, a concentration of
200 mg/ml. At room temperature, viruses
tend to stick together, to avoid this, imme-
diately before the experiment they were
treated in an ultrasonic bath at ultrasonic
frequency — 50 kHz, time of exposure —
30 min and the temperature — 30°C.

Studies of the nanorelief surface of
nanowires was performed by atomic force
microscopy (AFM) on the instrument JSPM-
4610 (Jeol, Japan). The vacuum chamber of
an atomic force microscope was not lower
than 1077 Pa. The studies were conducted
at room temperature. Surface temperature
drift does not exceed 0.05 nm/s. For a
given size of the studied areas it had no
effect on the results.

X-ray photoelectron spectra of the core
levels of the elements were obtained by XPS
system for JSPM-4610 (Jeol, Japan). Oper-
ating vacuum during the experiment was
107 Pa. Magnesium anode with an energy
line MgK, 1253.6 eV was used. Energy reso-
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Fig. 3. AFM image of Au-TMV nanowires on
a silicon single crystal.

lution is 0.1 eV. Calibration was carried out
on the binding energies of Au 4f-line
87.5 eV. After receipt of the X-ray photo-
electron spectra with "angular resolution”,
the angle ¢ between the normal of the sam-
ple and X-ray beam was 0° and +30°.

Spectrophotometric study of the colloidal
solution of gold nanoparticles were per-
formed on a single-beam spectrophotometer
Spekol 1500 (Jena, Germany) in the wave-
length range 190—-1100 nm.

3. Results and discussion

For more accurate particle size were car-
ried out spectrophotometric study of the
colloidal solution of gold nanoparticles ob-
tained if all the conditions described
method, excluding the presence of TMYV.
Studies have shown a surface plasmon reso-
nance of gold nanoparticles at a wavelength
of 522 nm, which corresponds to a particle
size of 15—20 nm and confirmed by studies
by atomic force microscopy (Fig. la, 2).

After obtaining, the samples of Au-TMV
nanowires were examined by atomic force
microscopy using cantilever with diamond
tip NSG-10-DLC, it possible to obtain im-
ages with a maximum resolution (Fig. 8, 4).

Fig. 3-4 shows the AFM image of the
accumulation of virus, coated gold nanopar-
ticles. A general trend of ordering virus in
the clusters was observed after applying the
metal nanoparticles to the viruses surface.
The aspiration system to reduce the surface
energy leads to activation of the aggrega-
tion processes: coagulation and coalescence
of nanowires TMV-Au, the result of which is
to the ordering and accumulation of
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nanowires, i.e. hybrid virus-inorganic struc-
tures have the property of self-assembly. In
addition to the nanowires observed the pres-
ence of individual clusters of gold nanopar-
ticles, the formation of which is also likely
associated with the aggregation processes on
a silicon surface.

To elucidate the effect of the silicon
substrate to interact TMV with Au nanopar-
ticles were obtained X-ray photoelectron
spectra of C 1s (Fig. 5).

Carbon spectra showed the different in-
tensity of the two main features for the
different angles of photoelectron yield. The
main peaks of the spectra (Fig. 5, the spec-
trum 1) at 286.0 eV characterized the inter-
action of C—N, that fact confirmed by the
data of [23—-25] and indicates to the interac-
tion between the substrate and nanowires.
The low-energy feature (about 284.0 eV) re-
flects the interaction of the C—C and C-H
(Fig. 5, spectra 4-6), which are charac-
teristic of interphase, but have an order of
magnitude more intense than the signal
from the substrate after ion etching. Ac-
cordingly, this feature appears due to the
presence of virions, which applied to the
surface. The presence of interaction between
virions confirm the shift of the intensity,
that characterized the C—N interaction, to-
wards higher energies by changing the
angle of inclination of the sample up to
+30°, which is associated with an increase
in the contribution of surface atoms in the
shape of the spectrum and reflects the in-
teraction of N-C=0, characterizing the
virions bond with each other (Fig. 5, spec-
tra 2-3).

The surface of the virion, as described
above, has an electric charge is not compen-
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Measure the height of nanowires AU-TMV through obtaining their profile.
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Fig. 5. X-ray photoelectron spectra of C 1s TMV
on SiO, substrate: 1 — @ =0° 2 — ¢ =+30°, 3 -
¢ = —30°. Etching of the sample (1 kV;
20 mA; 5 min): 4 — ¢=0° 5 - ¢=0° 6 —
¢ = +30°, where ¢ — angle between the nor-
mal of the sample and the beam, which is
subject to detection.

sated. The surface of the single crystal sili-
con is not charged, hence excluded Coulomb
interaction. Since silicon does not create
chemical bonds with either one of amino
acids constituting TMYV, chemical interac-
tion are also eliminated because the most
likely cause adsorption of virions to Si (111)
has a van der Waals forces and hydrogen
bonds. There are hydroxyl and carboxyl
groups from the amino acid composition on
the surface of virions. Therefore, it is likely
that through the creation of hydrogen
bonds between them and the surface of Si
provided virus adsorption.
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4. Conclusions

A new method for producing nanowires
by tobacco mosaic virus and gold nanoparti-
cles which included the preparing a stock
solutions of metal source and reducing
agent and the gold recovery process through
several cycles of mixing solutions, in the
presence of the purified and modified TMV
was developed. Nanowire obtained had a
size of about 50 nm in diameter and 150—
400 nm in length. The size of the gold
nanoparticles in the final stage of synthesis
was about 15-20 nm.

It is established that, after application of
metal nanoparticles on the surface of vi-
ruses has been a general trend of ordering
virus in the clusters. The aspiration system
to reduce the surface energy leads to activa-
tion of the aggregation processes: coagula-
tion and coalescence of nanowires TMV-Au,
the result of which is to the ordering and
accumulation of nanowires.

Interaction nanowires with the substrate
characterized C-N bond. N-C=0 bond char-
acterized binding virions with each other.
The adsorption of viruses is achieved by
creating hydrogen bonds between them and
the surface of Si.

The studies open up prospects of develop-
ment domestic technologies for producing
nanomaterials based on plant viruses and
metal particles to produce materials for
nanoelectronics and medicine (in particular,
to create cheap memory chips, high-density
recording, sensor elements for various appli-
cations, process control systems, transport
biologically active components in medicine).
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