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ABSTRACT 
 

Nanopipette technology has been proven to be a label-

free biosensor capable of identifying DNA and proteins. 

The nanopipette can include specific recognition elements 

for analyte discrimination based on size, shape and charge 

density. The electrical read-out and the low cost fabrication 

are unique features that give this technology an enormous 

potential. Unlike other biosensing platforms, nanopipettes 

can be precisely manipulated with submicron accuracy and 

used to study single cell dynamics.  
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1 INTRODUCTION 
 

Increasing demand for more sensitive analytical and 

diagnostic tools for the identification of biomolecules has 

benefited from the advanced nanofabrication techniques, 

biosensing and biomedical research field has made 

significant stride in recent years. New biosensing 

techniques such as nanostructured optical fiber arrays [1] , 

carbon nanotube biosensors [2], nanowires [3] and 

nanoparticles [4] provide improved sensitivity, and  often 

require less complicated instrumentations than existing 

molecular detection technology. A relatively new label-free 

technology, the development of nanopipettes illustrates the 

trend to an exciting new approach for biosensing 

applications. 

Nanopipettes offer a unique biosensing platform that is 

capable of detecting potentially a single molecule near the 

most sensitive region. Typically an elongated cone, the 

dimension and geometry of the nanopipette tip orifice are 

crucial for the development of a new sensitive biosensing 

platform. The nanopipette has a size comparable to DNA 

and proteins and the interaction of such  biomolecules with 

the nanopipette pore can causes two unique events. 

Temporary blockage due to ionic/molecular translocations 

through the nanopipette, and permanent blockage resulting 

from binding to the tip functionalized with specific 

recognition molecules causing distinctive change of the 

nanopipette electrical behavior. The electrical changes can 

then be detected with simple electrochemistry without any 

need for labeling. Nanopipettes also have enormous 

potential for detecting a small number of molecules from a 

tiny amount of clinical samples or live single cells, a feature 

useful for medical diagnostics and molecular biology 

research. 

 

Mycotoxins are small (MW ~ 700 g/mol), toxic chemical 

products formed as secondary metabolites by a few fungal 

species that readily contaminate crops in the field or after 

harvest. These compounds pose a potential threat to human 

and animal health through the ingestion of food products 

prepared from these commodities. At this time, due to the 

varied structures of these compounds it is not possible to 

use one standard technique to detect all mycotoxins, as each 

will require a different method. 

In this paper, we describe the application nanopipette 

functionalized with antibody specific to mycotoxin  for the 

label-free detection of a mycotoxin, HT-2 toxin. 

 

 

2 NANOPIPETTE FABRICATION 
 

Nanopipettes are fabricated from quartz capillaries with 

filaments, with an outer diameter of 1.0 mm and an inner 

diameter of 0.70mm. The capillary are pulled using a P-

2000 laser puller (Sutter Instrument Co.) preprogrammed to 

fabricate nanopipettes with the inner diameter of 50 nm[5].  

 

3 NANOPIPETTE FUNCTIONALIZATION 

Surface chemistry is a crucial step in order to get antibodies 

covalently attached near the nanopipette opening chemistry. 

Freshly pulled nanopipettes are first modified first with the 

chemisorptions of the positively charged poly-l-lysine[6]. 

Amino groups from the Poly-l-lysine chains are activated 

with the NHS ester functionality of sulfo-SMCC( 2mg/ml 

in PBS EDTA 10mM, 1h, RT) [7]. The activated 

nanopipette surface was immediately exposed to the 

antibodies sulfhydryl groups (10 μg/mL PBS, 1 h, 37 °C) to 

form stable thioether bonds. 
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4 EXPERIMENTAL SETUP 

The current flowing through the nanopipette is too small to 

polarize a reference electrode [8], thus we employed two 

electrode setup. A typical setup is shown in Figure X. The 

nanopipette is backfilled with a degassed buffered 

electrolyte solution, and a Ag/AgCl electrode is inserted. 

Another Ag/AgCl electrode is placed in bulk solution 

acting as the auxiliary/reference electrode. Both electrodes 

are connected to amplifiers and the current–voltage 

measurements are computer controlled.  

 

Figure 1. Scheme of the measurement setup 

The input voltage is crucial to the sensing and detection 

mechanism. Symmetric waveforms, such as sine waves or 

linear sweep, are useful to investigate the binding of 

charged molecules (such as DNA) and the binding kinetic 

can be monitored by following the current variation over 

time. On the other hand, a constant voltage is more suitable 

to discriminate binding events of neutral or slightly charged 

molecules. In addition, a constant voltage can concentrate 

molecules at the tip through diffusion, electro-migration, 

and electro-osmotic flow [9]. HT-2 toxin does not have any 

net charge so we performed our experiments in the constant 

voltage mode. We monitored the variation of current over 

time arising from physical blockades due to antibody-

antigens binding events. 

5 DISCUSSION 

A typical nanopipette sensing experiment is conducted as 

follows. First, the nanopipette is immersed into the working 

buffer and then a constant voltage of -400 mV vs Ag/AgCl 

is applied between the electrode placed inside the 

nanopipette and the external one placed into working buffer 

(figure 1). A blank measurement was recorded into the 

working buffer; only sensors showing a baseline variation 

lower than 5% over a 15 minutes run were employed for the 

HT-2 toxin detection. The filling solution is removed from 

the nanopipette and replaced with a solution containing the 

HT-2 toxin. The variation of the measured current was 

recorded over time and compared to the baseline previously 

recorded. Up to 2 nanopipette electrodes were used to 

record the current amplitude, in which case one nanopipette 

(probe) was designed to detect antigens specific to the 

antibodies immobilized on its tip surface, whereas the other 

nanopipette (control) served as a control. 

The added mycotoxins instantly reduces the current 

amplitude, through stepwise blockades, but a similar 

reduction was not observed in the control nanopipette with 

an immobilized nonspecific antiHPV16E6 IgG, confirming 

the specific detection of HT-2 toxin (Figure 2). Their 

sequential binding at the close proximity of the nanopipette 

opening alters the local impedance, thus inducing stepwise 

changes in the measured ionic current. 

 

Figure 2. Selective HT-2 toxin detection by afunctionalized 

nanopipette sensor. (A) After the addition of HT-2 toxin 

inside the nanopipetteat a concentration of 1 ng/ml, 

stepwise blockades were recorded by the probe nanopipette, 

whereas (b) essentially no change was observed with the 

control nanopipette. Applied voltage, 400 mV vs Ag/AgCl. 

Controled nanopipette functionalized with anti- HPV16E6. 

6 CONCLUSIONS 

In this study we showed that antibodies functionalized glass 

nanopipettes can be employed for mycotoxin detection. We 

are currently investigating the limit of detection and the 

linear range. Furthermore the multiplexed mycotoxin 

detection will be pursued by developing a nanopipette 

array. We are currently investigating the response of the 

functionalized nanopipette with respect to HPV proteins. 

Human papilloma viruses (HPV) are the causative agents of 

cervical cancer, genital warts and skin problems. There are 

over 100 HPV genotypes identified to date. Unlike other 

nanosensing technologies, a nanopipette probe can be 

precisely positioned at any sub-cellular region of a single 

living cell with submicron accuracy using a 

micromanipulator. This approach uses a movable sensor on 

an attached cell, in contrast to a fixed sensor detecting 
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responses from floating cells [10]. By combining the 

biosensing capabilities and the precise manipulation, the 

functionalized nanopipette paves the way for in vivo 

immunoassay down to the single cell level. 
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