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Nanowires as an artificial nanosystem

Glucose Oxidase
enzyme
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Multi-Walled Carbon Nanotubes
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Nanoparticles
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NENOEOINIOSIERVIE

Carbon nanoTubes nanoStructured Composite Material

—— [

In presence of polymers
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\WWhy: Nanowires?
WisyaNeneBIelVelcciciglVohe
Wy BanoMeaecnines?
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0 The creation of miniature “engines” that can conve
chemical energy to motion is one of the great remalnmg
- challenges ofnanotechnology;

O Such motors do not require input of power from macroscopic
external circuits or other devices, and are therefore of much
current interest in the design of micromechanical systems;

Q In this presentation, the principle of catalytic conversion of

Chemical to Mechanical Energy

T ————
%een dem | - . Here we report the

: rownian movement of platinum/gold (Pt/Au)
nanowires with spatially defined zones that catalyze the spontaneous
decomposition of hydrogen peroxide in aqueous solutions.

J. Am. Chem. Soc. 2004, 126, 13424-13431.



~— Ni nanowires as
Nanomotors .
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Nlickel_nanowires were fabricated by elec

= | '2'00 nm diameter hanopores of -the alumina membrane template -

Ag Electrochemical Removmg template
sputtering deposition NaOH | |
> »  Ni Nanowires

r'I'h'E nickel nanowires were repeatedly *
“ washed with water to remove residual |
| base and salt. After the washing .
= step, the nanowires were collected by
| placing a small magnet on the side of _
. the flask, and were suspended and
j stored in 1M KOH. I

umina membranes

with a pore size of 200 nm
and thickness of 60 um.



Morphological Characterization of
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by SEM
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/ The wires were grown
in as

controlled 0)Y the :

e sk electrodeposited charge T
( ). The wires are o« YR

therefore nanometers in

(around

) and microns in
length, as determined
by scanning electron
microscopy.
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Scanning Electron Microscopy (SEM) images were obtained with the FEI.XL30.EFSEM electron microscope,
using an accelerating voltage of 20 kV.



The Moving and the Orientation of Ni NWs in distilled water, induced
by an external magnetic field:

Clockwise and non-Brownian Movement



The NI Nanowires based electrochemical sensor

orizontal (A) and vertical
s orient parallel to magnetic field lines. An external
ne posmoned below the electrode, was used for changing the orientation of the
magnetlc field. Also shown (top) are split optical images of the surface with top (a)

and side (b) views of the nanowires. Parma. 4 Ottobre 2007

F. Valentini, et al.: J. AM. CHEM. SOC. 2006, 128, 4562-4563



The magnetic control of the analytical response
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F. Valentini, et al.: J. AM. CHEM. SOC. 2006, 128, 4562-4563



The magnetic control of the analytical




CAN MAGNETIC NANOWIRES BECOME
ANOWVACF INESTFOTREE RV E
NUTRTENTS™?




Catalytic Nanomoetors: Autonomous
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Nanomachines: AENM study

Au/Pt nanowires: Length 2.4 um; diameter: 200 nm
It is possible to recognize the two different segments

(Au and Pt nanowires)



The Inverted Optical Microscope Study:

Control in water: The
Brownian movement

Megative Control Suc Positive Per 3
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Au segment

_ [Zation
strategies on -
Au/Pt NWs
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Catalase

Spontaneous decomposition Push NWS

. 2H,0,~oH0+ -

L
ﬂ pontaneous decomposition

B-D glucose — D-glucono-1,5-Lactone +
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Optical Microscope Study on Glucose

Brownian 0.1M Glucose

- d:—=-—= ._
1.25um/s
INaneo

Propellers

13,45 % H202 4+ 10 pprm Gox-1
Contral in H2O0-3

+10 ppm GOXx +10 ppm GOX
Speed:
Speed:
2.00pm/s 10.00 pm/s

13,45 % H20Z + 10 ppm GOx-5
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0.05 M Suc 6% Per 5 Megative Suc & Per Conbrol 5
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Some Common Enz

me Electrodes

Type of sensing

AMPEIOMENICOASE

slUutamate™ Glutamate O,, NH, Potentiometric and
Oxidase Amperometric gas
sensing
Salicylate Salicylate CO, Potentiometric gas
hydroxylase sensing
Uric acid Uricase CO» Potentiometric gas
sensing
Alcohol

Oxidase

Amperometric gas

—

Potentiometric and
Amperometric gas
sensing

Lactate

Amperometric gas
sensing
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_ — : — | ~ Nanotubules:

diameter: 400 nm;

length: > 10 pm.

B
- .
— i

Rods:

diameter: 400 nm;

length: < 4 pum.

e

F. Valentini, G. Palleshi, et al.; Sensors and Actuators B 100 (2004) 65-71
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The enzyme
Immoblilization

2. Electrochemical deposition of PB

1. Via EDC/NHS after polymer nanotubule/PB
composite film formation;

2. Via glutaraldehyde and BSA after polymer
nanotubule/PB composite film formation
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Lysine Detection

Biesensoer | LOD |5 S S [ Respoense
| Lyox_ | 008 |005-1.00] 88 10 | 0.75 15
E applied E (V): 0.0V vs. Ag/AgCl; in 0.1M phosphate buffer, pH 7.4
STORAGE STABILITY
100
'g ) 75
£ 2
2.2 50
L : (ab)
n— O S ——
N 25
— - R—
| 0
0] 20 40 60 80
days

F. Valentini, G. Palleschi, et al., Biosensors and Bioelectronics 20 (2004) 1223-1232




MINAS:MIcro and NAno-structured
Systems
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Electrophoretical deposition
of Ni on the CNTs layer
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Ethanol detection with diffferent

ceissenollng of NI groges

. MWCNT-E

Ethanol, mM

4—?
Response
time
g
\Y \Y wA mM-1cm-2 % S
3*104 | 8*10°-1*107? 58 6 7
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D-galactose
maltose
D-sorbitol
sucrose
glucose

6 8 10

[compounds],mM

12
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aphylococcus aureus

Enterotoxins: A, B, C, D, E (thermostable); —
= Coagulase;
= Thermonuclease.

erefore, the presence of this bacterium in food could became a
health hazard if it is stored at temperature that allows Its
growth.
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ELIME (enzyme linked immunomagnetic
electrochemical assay)

A micro system: @ 1-5 pm <=

- Diameter 2.8 um ..1
— 1

this protein wa

was partially extracted from by a boiling

step .



ELIME (Enzyme Linked ImmunoMagnetic Electrochemistry)

OH

system

|
0=p=0
0O

@ 1-5 um (the micro system) -
L e

g-Ab; Potential range 0-600 mV
Sensitivity of the electrochemical Scan speed 100 mV/s

detection;

Possibility to concentrate the Pulse width 50 ms
magnetic particles on the electrode Modulation time 60 ms
surfaces

Interval time 0.16 s



Parma, 4 Ottobre 2007

ELIME

S.aureus
e —
—
p_—
< —
- — —
4 |

IIHHI I IHHH,

— e
l1,e+3 1,e+ 4 1 ,e+ 5 mmmmege]""g + 7

S.avreus (CFU/mL)



MEIM = Multichannel Electrochemical lmmuno-Magnetic

?system Is under development, preliminary LOD = 104 cell/mL
Test: analysis time = 2 h and 30’

We are obtaining similar results for L/steria monocytogenes
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Maximum Tolerance Levels = 2ng AFB1/g of mais

This assay,
performed as a “competitive ELISA test”, uses a 96-well
screen-printed microplate for immunosensor development. This
system combines the high selectivity of immunoanalysis with the
ease of electrochemical probes and the speed of multisample
analysis.

lndirect competitive ELISA

Substrate Current
1- naphthyl detected

Coating Blocking Competition o P?fsl\ll’;‘:;e by IPA

2 AflatoxinB,-BSA @ PVA PAb (antibody against afaltoxin) 0 Aflatoxin \ Ab,-AP

S. Piermarini, G. Palleschi, D. Moscone, et al.; Biosensors and Bioelectronics 22 (2007) 1434-1440
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Effect of corn extract on the
~standard curve of AFB1 detected

S = . o e ——— N
xtraction procedure for AFB, —_ ——
from mais
. ) (e) PBS
5 g of mais powder in 100 uL PBS (A) extraction solvent

(®m) non-infected corn

' ' tracted
Vortex 1 min at high speed extracte

45 min (25 mL of Extraction solvent
of 85% methanol + 15% PBS)

Centrifugation 10 min

Dilution 1:5 v/v with PBS

g

- Defatting with n-exane

blank: nocoating

Detection . 0.1 1
AFB, (ng/mL)
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" A combination

v No intermediate

| \
QS -
_.washings were of the micro
~ performed (IMB) and nano

molecuar
TMB,.4/H,0,

4
< TMB,,/H,0

TMB,.4/H,0,

| |
L)
L
IMB > k TMB,JH,O
| |

|
n
> 10B5 Fab Biotina » DON-dsc- cHSA

| WE of SPE

ntage;sﬂ-'—’? =

Ivity of the electrochemical
detection;

v'Possibility to concentrate the
magnetic particles on the electrode
surfaces




DIRECT COMPETITIVE ELIME FOR DON ELIME SANDWICH ASSAY

DETECTION.: FOR Listeria monocytogenes

alll 0 [ ) ()N
the calibration obtained in wheat matrix The standard calibration curve

@, U \/ UJ \J O A VV

12
3,0
)

2,5 10 A
<:E:_2,O* 8 -
5
= 1,51
O °]

1,01 §

4_
0,5
0,0 L B AR 10t 10° 10° 10° 10° 10° 107 10°
100 1000 10000 . .
[DON] ng/ml [Listeria monocytogenes], cell/ml

LOD = 33 ng/ml LOD = 20 cell/ml

Sensitivity = 132 ng/ml Sensitivity = 4,3x103 cell
(?)/ml
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EC., HT-2 = 0.73 ng/ml
EC., T-2 = 0.80 ng/ml

1 10

[trichothecenes] (ng/ml) EC
50 HT-2

= X100 =91
EC5O T-2



(1SO 6579:2002)

Pre-enrichm
damaaed. cell

p————SCCC to increase the ration of the target
bacterium to the competitor organisms;

Time : up to 5 days

~Our Method: 5

be absent In

elfla must

o

Ished amount of food products (25g).
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CHICKEN

14 -
15 |

12 4

Current (uA)
Current (uA)

b o ...g : : : *
4 6 8 4 6 8
Pre-enrichment Time (h) Pre-enrichment Time (h)

TURKEY

(N
o
L

Current (uA)
Current (nA)

‘ g ‘
8 . 6 . 8
Pre-enrichment Time (h) Pre-enrichment Time (h)

r
4

A samples experimentally contaminated (1-10 cell/259)

e samples not contaminated (resulted negative to the microbiological test)
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~— —f 4 1

phase for the immobilization of one ¢

~ of the immunological chain (Ab or Ag):

i.-_——.-

v the advantage in using such Ni nanowires is
primarily due to their magnetic properties;

ﬂsecon& approach, nanotubes will be emp_|g¥ed %i E
ication

B

v ....and finally application in food matrix will be
performed
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_C_LSome gxamples oT biosensors assembled
using nanomaterials has been showed;

d some examples of

IMmunosensors ‘
_?ﬁwa _—

s
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Dott.ssa G. Volpe, Dr. Silvia Piermarini Dott.ssa E. Tamburri
Dott.ssa L. Micheli, Dr. Silvia Vesco Dott. F. Toschi
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