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Figure S1: Electrochemical cell. A) Photography of the electrochemical cell assembly used for
DNA sensing experiments. B) Schematic of the electrochemical cell assembly depicting the
internal configuration of the cell. C) Image of nanoporous-coated sensors functionalized with

ssDNA-Cy5 under white light (top) and under red light (bottom) (exposure time: 5 s).
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Figure S2: Cross-section of a nanoporous film. SEM image of a sample deposited on silicon

substrate (SEM image scale bar: 500 nm).
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Figure S3: Surface modification QCM-D sensor using ssDNA-modified with fluorescent tags.
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A) Schematic of the nanoporous-coated QCM-D sensors functionalized with ssDNA that was
modified with the fluorescent molecule Cyanine5 (Cy5). B) Top view of the modified QCM-D
sensors in white light (top) and under red light (bottom) (exposure time: 20s). C) Comparative
fluorescence intensity between a flat and a nanoporous QCM-D sensor functionalized with

sSDNA-Cy5 (exposure time: 6 s).



1. DNA hybridization time analysis

As shown in the main body of this work the frequency f(z) at a given time (t) can be calculated

using the equation (eq. 1):

fO=1, (1-¢) (€a)

where fmax denotes the maximum frequency changes at equilibrium for a given concentration of
target sSDNA.[1]

Setting the time equal to the time constant, i.e. 7=z, sets equation 1 to:
f(t):fmax(]'e%) :fmaX(l'e'l): fmax(0.63),

which means that after =7 =5.36 min, 63% of the maximum hybridization at equilibrium with the
target sSDNA was reached. Please note that this value is independent of fmax.

Repeating this analysis for t=2r, sets equation 1 to:

)=/ (1 )=Fnax(1-e?)=fmax (0.86)

which means after a time /=27 =11 min, 86% of the maximum hybridization at equilibrium with

the target sSDNA was reached.



Similarly, repeating this analysis and setting hybridization time to t=[3t; 4t; 5t], sets equation 1

to:

f(t)= fmax [0.95; 0.98; 0.99],

which means after a time of t=[16; 21; 27] min, 95%, 98%, and 99% of the maximum hybridization
at equilibrium with the target ssSDNA was reached, respectively.

In summary, the time required to reach the equilibrium fmax increases exponentially to infinite. For
instance, while it takes 11 min (27) to reach 86% of fmax, it takes another 10 min to increase this
value to 98% (41), i.e. in 12 %. Therefore, the hybridization time for nucleic acid detection assays
was set to be greater than three times the time constant (i.e. 37~16 min), as this represents
hybridization near equilibrium (i.e. > 95% fmax).

Please note that nucleic acid hybridization is reversible, and fmax represents the equilibrium
between hybridization and dehybridization reactions.[2] In consequence, fmax depends on the target
ssDNA concentration. The mathematical analysis suggested that the time (t) required to reach
equilibrium (fmax) is independent of the value of fmax, i.€. it is independent of the target sSSDNA
concentration. However, hybridization studies have shown that the time constant is inversely
proportional to the target DNA concentration.[3] Therefore, the hybridization time determined
here provides a timescale for effective sensing with the nanoporous material rather than an exact
value for hybridization times due to other variables may also affect this time value, including target
concentration, temperature, immobilization on substrates, and formation of secondary

structures.[4—6]



2. Charge transfer resistance, limit of detection and limit of quantification

The normalized charge transfer resistance 4R, ., Was determined using the charge transfer
resistance after incubation with the target ssDNA (Rct') and the initial charge transfer resistance

of the system (Rc«%) using the following equation (equation 2):

Re-R
ARy norm= ; ot (eq 2)

ct

Equation 3 below shows the linear fit (R?=0.985) in logarithmic scale that allows quantification
of the target sSDNA present in a liquid sample with a slope of the calibration curve representing

its sensitivity (0.08 1/pM):

ARy worm =0.18655 + 0.08021 log (x),  (eq 3)

where x is the concentration of the target SSDNA in pM.

The LoD was calculated from the values of the negative control by using the following equation

(equation 4):

LoD= +kS,  (eq 4)

control
where Ycontrol IS the average value from 1 pM to 1 nM of the ARc: of the negative control, S, is the
standard deviation of the negative control measurements, and k is a numerical factor that is

chosen according to the confidence level desired, with a recommended value of 3 for the LoD.[7]
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A LoD of 0.0614 4Rt was estimated for the DNA sensor, meaning that changes in the 4R«
smaller than 0.0614 cannot be differentiated from noise with a statistical confidence of 99.7%.
The concentration at the LoD (CrLop) was calculated by equalizing the LoD obtained with
equation 4 to equation 3, resulting in a CLop of 30 fM.

LoQ can be calculated similarly to the LoD by using k=10,[8] which resulted in an LoQ of
0.1635 ARct. A corresponding concentration at the LoQ (CLog) of 500 fM was calculated by

equalizing the LoQ obtained with equation 3.
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