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Results 

The coupled Poisson-Nernst-Planck equations along 

with Stokes equation were used to model the nanofluidic 

environment around the nanopore and determine the 

decrease in current caused by each polymorph. Given 

the cylindrical symmetry of the pore, the solution 

domain was chosen as indicated in the schematic. The 

changes in the level of current drop across the different 

polymorphs occur since the ambient pH affects the 

structure as well as the surface charge of the filaments. 

Based on this analysis the expected current drops at pH 

3, 7 and 12 are 1.1 nA, 0.4 nA and 2.1 nA respectively. 

 

Next, the flagella filaments were diluted to a concentration of 0.01 mg/ml in 0.2 M NaCl at a pH of 3, 7 and 12, and sequentially 

added to the anodic half cell. When a voltage of 500 mV was applied across the cell several transient current spikes were 

observed. Moreover, the magnitude and duration of observed current blockades at each pH were statistically different.   At pH 

12 the blockades had a larger magnitude but were relatively short lived while at the pH 7 much longer blockades were observed. 

Moreover, the observed levels of current drop agree well with the simulated values. At pH 3 however, the magnitude of the 

current blockades was much lower than expected. Since, pH 3 is close to the isoelectric point of flagellin, it is likely, that these 

blockades area result of the filaments transiently approaching and interacting with the pore without actually being 

electrophoretically driven across it. 

Solid state nanopores have 

been used to study the 

structural transformations of 

flagellar filaments in response 

to pH. 

 

Bacterial flagella can reversibly 

change their structure in 

response to different stimuli1. 

These structures, known as 

polymorphs, are helical but 

with different pitches. 

Empirically generated phase 

diagrams2 show that in 0.25 M 

NaCl at pH 4, majority of the 

flagella are “Curly” with a 

pitch of ~1 µm and a radius of 

0.25 µm and increasing the pH 

to 7 and 12 causes them to 

transform to the “Normal” 

(pitch of 2 µm and radius 

0.25 µm) and “Coiled” (pitch of 

1 µm and radius 0.5 µm) form 

respectively. 

 

Materials and Methods 

50 nm 

Flagellar filaments were 

isolated from Salmonella 

typhimurium and fractionated 

in terms of length by 

differential centrifugation in 

0.1% glucose. 

A 250 nm diameter pore was 

fabricated by FIB milling and 

was chemically modified with 

to render the walls of the pore 

relatively inert and less likely 

to clog. The nanopore 

containing chip was housed in 

a custom built flow cell and 

connected to the headstage of 

a patch clamp amplifier with 

Ag/AgCl electrodes.  

 

Conclusion 

Using our solid state nanopore 

based sensor it is possible to 

discern the different 

polymorphic forms of 

bacterial flagellar filaments. 

The shapes of the current 

blockades observed at the 

different pHs were 

statistically different in terms 

of their magnitude and 

duration and were found to 

agree well with our simulated 

results. 

 

Future Work 

We aim to determine the 

prevalent polymorphic forms 

under a wide range of fluidic 

conditions and design a 

nanofluidic sensor that 

determines the fluidic 

conditions by probing the most 

prevalent polymorphic form. 
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