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1. The electroactive surface area of the gold working electrode Aus was determined by oxygen adsorption measure-
ment and was calculated using the Equations:

Agas = 8 = 0.43 £ 0.03 cm? (S1)
Qy
Ap,c
Qe =25 (52)
where Ay is the charge of the gold oxide reduction of the gold working electrode, v is the scan rate (0.1 V/s) and Qj; is
the standards reference charge (0.00039 + 0.00001 C/cm?) suggested for polycrystalline gold [1].
2. The roughness factor RF was calculated according to the Equation:

RF = 22 _137+11 (S3) [2,3]

Ageom -
where Ageom= 0.0314 cm?

3. The electron transfer coefficient & was calculated using the Equation:

L8S7RT _ 47.7 (54) [4,5]
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where E,is peak potential, Eyzis the half wave potential, R is the universal gas constant (8.3145 ] mol' K1), T is

room temperature.

4. The heterogeneous electron transfer constant k? was calculated according to the Klingler-Kochi method:
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where a was calculated from Eq. (54), D is the diffusion coefficient of 5 mM Fe(CN)e#* (7.6x 10 cm? s7), F is
Faraday constant (96500 C mol™), v is scan rate (V s™), Eporand Epra are oxidation and reduction peak potential,

respectively.
5. The surface coverage of the thiolated aptamer probe ['4y: was calculated using the ability of electrostatic binding of
redox cations, such as [Ru(NHs)s]** to the anionic DNA phosphate backbone [6].

The surface concentration of [Ru(NHs)s]** (/&«) was calculate according to the following Equation:

Trus = —— (S6)

nFA

where: n — number of electrons in redox reaction; F~Faraday constant [C/mol]; A—the area of the gold working
electrode [cm?].

The aptamer surface densities 7 were calculated from the Equation:



Tapt = Tru—Na (S7)

where: z—charge of the redox molecules; m—number of nucleotides; Na—Avogadro’s number.

Table S1. Electron transfer coefficients (a), electron transfer rate constants (k)  and surface
coverage of the thiolated aptamer probe (Tapt) calculated for modified gold
electrodes.
Capt [uM] 0.1 1 10
@ 0.28 +0.01 0.20 +0.02 0.13+0.01
kO [em/s] 0.92 +0.01 0.99 +0.01 1.07 +0.01
Tapt [mol/cm?] 3.1+02x1011 4.8 +0.2 x 101 6.0+05x101

6. The association constant (K4) of the aptamer with RBP-4 was calculated by using
a Langmuir isotherm approach [7].
Rn—Ry
Ro

kyC = (S8)

where C is a concentration of molecules in the solution, and Roand R»mean the charge transfer resistance of the

layer without and in the presence of particular concentration of RBP-4, respectively.
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Figure S1: The linear relationship of (Rw— Ro/Ro) vs. C of RBP-4.
Based on the obtained results, the dissociation constant Kp was calculated according to the following relation-
ship:
Ka=+ (S9) [8]
7. Gibbs free energy AG was calculated using Van't Hoff equation:
AG = —RTInkK, (510) [8]

Table S2. The association constant K, dissociation constant Ko and Gibbs free energy AG calculated for gold electrode
modified with 0.1 uM of RBP-4 aptamer in solution.

Ka [M-1] Ko [M] AG [kJ/mol]

2.0 +£0.02 x107 5.0 £0.05 x10® -382+19




8. The dimensionless electrode kinetic parameter K was calculated from the Equation:

AE,,, = —10.85In(K) + 80 (S11) [9]

9. The standard rate constant of electron transfer ks was calculated from the Equation:
K = ks(fD)7** (512) [9]

where fis frequency (50 Hz), D is the diffusion coefficient (7.6 cm? s71).

Table S3. The electrode kinetic parameter K, and the standard rate constant of electron transfer ks calculated
for gold electrode modified with 0.1 uM of RBP-4 aptamer in solution.

K ks [Cm/S]

0.255 +0.027 0.0054 = 0.0005

10. The selectivity factor ar of the proposed aptasensor was estimated using the Equation:

(ARCt>
Rct,0/Rppa

(tp = —gaRBEL (S13) [10]
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where (AR“> and (AR“> are normalized responses of the Au/RBP-4 Apt/MCH to RBP-4 protein and interfering
RBP4 It

agents (Vaspin and Adiponectin).

Experiments with positively charged redox-active indicator — hexaammineruthenium (II) chloride

The electrochemical measurements using redox-active indicators with different physical and chemical characteristics
are very helpful for evaluation of chemically modified electrodes. Therefore, aptasensor presented was also tested with
positively charged redox-active indicator hexaammineruthenium (II) chloride and compared to the negatively charged
of ferricyanide/ferrocyanide. Our results clearly showed that when the modified gold electrode was contacted with 1
pg/ml RBP-4, the AR« value decreased by 10% compared to an approximately 90% increase when ferri/ferro was used.

The obtained results are presented below:

Table S4. Summary of AE, Al and AR« [%] values obtained using 1 mM [Ru(NHz3)s]Cls.

Cv OSWV EIS
Crers, pug/mL
AE, % Al % ARet, %
0.1 7.24+0.15 -3.08 +1.48 4.59 +0.67
0.5 3.64 +0.09 -2.03+1.35 -3.38 £0.99
1 3.56 +0.29 -1.20+0.78 -9.77 +3.28

To explain this phenomenon, several parameters must be taken into account. Apart from ionic charge, these
redox active indicators differ in size, molecular structure and standard electron-transfer rate constant (k°) [11]. Just for
example, [Ru(NHs)s]Cls is characterized by ca. 10 times higher standard electron-transfer rate constant (k° than



Ks[Fe(CN)s]/Ka[Fe(CN)s]. Additionally, cationic redox markers such as [Ru(NHs)s]Cls strongly interact with ssDNA ol-
igonucleotides [12]. Moreover, the isoelectric point of RBP-4 appears to be in the pH range of 4.4 to 4.8 [13]. So, upon
complex creation between aptamer and RBP-4, the surface becomes more negatively charged and further attraction
occurs, not detected by electrochemical methods using [Ru(NHs)s]Cls. Additionally, [Ru(INHs)s]** are only stable in oxi-
dized state and electrochemical impedance spectroscopy biosensors using this redox probe are not frequently used [14].
Therefore, we recommend to use Ks[Fe(CN)s]/ Ks[Fe(CN)¢] for aptasensing of RBP-4.
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