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hairpin with a 4-base loop. After this, they also tested a 6-bp hairpin with a single-bp mismatch; 
interestingly, this single-nucleotide difference caused an approximately 100-fold decrease in the 
median blockade shoulder duration with respect to the hairpin with no mismatch. This change in 
duration is consistent with the difference in the calculated G0 between the mismatched and the 
well-matched hairpins. In this example, while both populations could be manually separated in 
90% of cases, automated separation using the machine-learning algorithms allowed a separation 
with 97.6% sensitivity and 99.9% specificity. 

Vercoutere et al. observed that longer molecules produce longer blockades, as expected, but 
this also resulted in a smaller number of blockades, so the statistical significance of the acquired 
data was reduced. In order to circumvent this problem, a data acquisition protocol was devised 
that alternated the voltage applied to the system from +120 mV for 249.5 ms to –40 mV for 0.1 
ms. This allowed individual hairpin signals to be captured during the initial time and then 
ejected. By using this method coupled with automated data analysis, signals for individual hair-
pins with 7, 8, and 9 base pairs could be distinguished with an average sensitivity of 99% and 
specificity of 96%. 

Figure 7.5. Representative blockade of ionic current caused by a 9-bp DNA hairpin (9bpC dG). Open-
channel current was typically 120 pA at 120 mV and 23.0 C, but this could vary by 63 pA. Capture of a 
DNA hairpin caused a rapid current decrease. In the case of 9-bp hairpins, the residual current transitions 
between four levels: an upper conductance level (UL), an intermediate level (IL), a lower level (LL) and a 
transient downward spike (S). Reprinted with permission from [19]. Copyright © 2003, Oxford University 
Press. 

In a second paper Vercoutere et al. [19] demonstrated the resolution of single-bp differences 
by using a kinetic analysis. They tested a series of 9-bp hairpin molecules with all possible sin-
gle-bp differences at the terminus of the hairpin duplex stem. Analysis of the ionic current 
traces showed four conductance states (Fig. 7.5). These included an intermediate level (IL) that 
initiates all 9-bp hairpin events, an upper conductance level (UL), and a lower conductance 
level (LL) that must be preceded by the upper level, and spikes down from the lower level, 
which indicates close proximity of the terminal base pair to the pore-limiting aperture. To ac-
count for these states, it was proposed that the 9-bp hairpin can transiently bind to the amino 
acids in the vestibule wall near the limiting aperture of -hemolysin. The IL state is caused by 


