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We have been investigating an electrochemical single-molecule counting 

experiment called nanopore resistive-pulse sensing. The sensor element is a 

conically shaped gold nanotube embedded in a thin polymeric membrane. We 

have been especially interested in counting protein molecules using these 

nanotube sensors. This is accomplished by placing the nanotube membrane 

between two electrolyte solutions, applying a transmembrane potential difference, 

and measuring the resulting ionic current flowing through the nanopore. In 

simplest terms, when a protein molecule enters and trans locates the nanopore, it 

transiently blocks the ion current, resulting in a downward current pulse. In this 

way, single-molecule pore-translocation events are counted as individual current 

pulses. The frequency of these current-pulse events is proportional to the 

concentration of the analyte, and the identity of the analyte is encoded in the 

current-pulse signature, as defined by the average magnitude and the duration of 

the current pulses. 

While deceptively simple, there is much we currently do not understand 

about this experiment. For example, while current pulse durations in the 10s of 

millisecond range or shorter are most often observed, there are examples of 

current pulses that last in excess of a second. Such very long-duration pulses 

cannot be explained in terms of a transport time associated with diffusional or 

electrophoretic transport of the protein through the nanotube sensing element. 

Some other factor is determining the magnitude of the pulse duration in this 

experiment, and in order to probe what this factor might be, we have conducted 



resistive-pulse experiments on a number of different proteins of differing size and 

charge. The two key experimental parameters obtained from the resistive-pulse 

method are the pulse duration, 't, and the pulse amplitude, Ili. Our data show that 

pulse duration is a more useful metric for exploring the effect of protein size on 

current-pulse signature. This is because pulse duration varies more dramatically 

with protein size than does pulse amplitude. Indeed, within experimental error, the 

pulse amplitudes for the different proteins studied here are indistinguishable. 

We observed current pulses with average durations in excess of one second 

and with standard deviations that increase with the size of the protein. We have 

proposed a simple model that accounts for these key observations. This model 

assumes that the protein molecule engages in repeated adsorption/desorption 

events to/from the nanotube wall as it trans locates through the detection zone in 

the tip of the nanotube sensor. 

This model not only accounts for the long pulse duration but also for the 

triangular shape of the current pulse and the increase in the standard deviation of 

the pulse duration with increasing protein size. Furthermore, the results of our 

analyses are in general agreement with results obtained from other investigations 

of protein adsorption to surfaces. This includes the observations that smaller 

proteins stick more readily to the surface, but remain adsorbed for shorter times, 

than larger proteins. In addition, the sticking probabilities calculated from our data, 

are in general agreement with results obtained from other methods. 


