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Introduction
Problem Addressed:

The main goal of this project is to be able to “see” particles and find the most efficient and effective way of quantifying them. The idea of “seeing” is based on a basic physics law that current is inversely proportional to resistance. Since the particles are on such a tiny scale the best way to “see” them is depending on the live data-trace shows current versus time. Thus, if the pore is open and it is not blocked the resistance is low and the current is high. If it is blocked then the resistance increases and the current drops, leading to the downward deflection in the graph.
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qNano - the instrument used, provided by Izon, a New Zealand based company.
Motivation:

The most exciting thing is the idea of being able “to see” at such small scale and also quantifying them because the great potential of what can be done with this. Since particles can already be seen, the goal is to try seeing viruses as well once the instrument is characterized and the quantifying method made efficient.
Summary of Existing Methods:
Nanopores can be used as single molecule sensors for particle detection. Smeets discusses about sensing single-stranded DNA and single-stranded RNA first using an α-hemolysin pore (a protein-based pore). Next is the fabricated solid-state nanopore which offers more advantages compared to the biological pores. One has greater control over the size and increased stability across many levels. [1]

 The way how polymers interact and translocates through channels continues to grow but now the ion-current measurements is being studied to understand how single-stranded RNA and DNA act through “characterized channels”. There is a voltage that drives the nucleic acid through an α-hemolysin pore. The translocation of the polymer is recorded by monitoring the ionic current. [2]
Results
Experiment Process:

The set-up for running the experiment is quite simple but requires care and precision. The most important part in the set-up is to avoid getting bubbles in the upper and lower fluid cell. Bubbles cause noise in the current and also interfere with particle capture, which leads to tainted data.
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    The lower (left) and upper (right) fluid cell.

One of apertures in which the nanopore is seated, also

provided by Izon.
First the qNano is connected to the computer using a USB interface, where a live data-trace is seen. The interface allows for change in voltage so that different bias can be put in. It also displays noise, which helps in getting a concrete idea of how much disturbance there really is.

Next the aperture in which the nanopore is seated is washed along with the fluid cell with de-ionized water. Once these are washed, the lower fluid cell is put into place. Then about 70 μl of .1M buffer is put into the cell, taking care to avoiding bubbles. Next the trans side (bottom or needle exit side) of the aperture is primed with the same buffer solution. Priming is done so that no air is sealed in with the aperture when it is placed over the lower fluid cell.
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The lower fluid cell seated in the arms of the qNano. The aperture is seated above this cell.
Once the aperture is in place, the cis side is primed also before the upper fluid cell is put in to place. Finally the top fluid cell is filled with 70 μl more of the buffer and the particles are added.

I found that adding the particles once the pore has opened is better. To know for sure that the pore is open, the data-trace is kept running and the pore is stretched and once there is a current spike, the pore has opened. Once the particles are added, and they are detected, the graph shows downward deflections. These are recorded into a data file. The data is recorded with varying voltages and Δx’s (or pore openings). This allows for a range of data capture rates and after many similar runs, the optimal Δx and voltage for the greatest rate of capture can be deduced.

Data Capture:
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The raw capture data (left) and the same data with a high-pass filter in red (right).
Discussion and Future Work
From the experiments run, it can be said that as the pore size is increased, the higher the rate of capture. When the voltage was varied the events (deflection on the graph) were either shorter or longer in length depending on increase or decrease in the voltage.
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A close-up look at the same data above with the high-pass filter so that the shape of a characteristic deflection can be seen.
So far the experiments were run with 200 nm colloidal particles and 100 nm liposome. Next experiment to be run is with the 800 nm particles, in the same manner as the 200 nm particles and liposome.
The ultimate goal is virus detection. Virus particles range in size from 10 nm to 300nm, and we believe such particles should be detectable using this instrument once it is characterized.
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