Supporting Information for

Multilayered Mesoporous Composite Nanostructures for Highly

Sensitive Label-free Quantification of Cardiac Troponin-I

Mohsen Saeidi!, Mohammad Ali Amidian', Sana Sheybanikashani', Hossein
Mahdavi', Homayoon Alimohammadi', Leila Syedmoradi**, Fatemeh Mohandes', Ali

Zarrabi*, Elnaz Tamjid®, Kobra Omidfar>**, Abdolreza Simchi '+**

* Kobra Omidfar, omidfar@tums.ac.ir; Abdolreza Simchi, Simchi@sharif.edu

S1



List of content

S1. Electrodeposition of gold and silver nanoparticles
S2. Morphological studies
S3. Structural and chemical studies
S4. Fe304-COOH characterizations
S5. Electrochemical studies
S5.1 Electroactive Surface Area Calculations
S5.2 Optimization of ¢Tnl Detection Condition

S5.3 Specificity, stability, reliability, repeatability, and reproducibility

S2



S1. Electrodeposition of gold and silver nanoparticles
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Figure S1. CV for electrodeposition of gold and silver nanoparticles on the ZIF-67/SPCE.
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S2. Morphological studies

Figure S2. TEM images of a and b ZIF-67, ¢ and d Au-Ag@ZIF-67.
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S3. Structural and chemical studies
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Figure S3. EDS spectra of a ZIF-67, b Au@ZIF-67, ¢ Ag@ZIF-67, and d Au-Ag@ZIF-67. e and f STEM image
and the corresponding EDS line scanning profile of Au-Ag@ZIF-67.

Table S1 N2 adsorption/desorption data for the synthesized samples.

ST Sext Smicro Vmicro Vtotal Mean pore
Sample
(m’gh) (m’gh (m’'g’) (em’gh) (emig’)  width (nm)
Z1IF-67 1705.1 17.8 1755.7 0.613 0.667 72
Au@ZIF-67 1225.3 50.2 1175.1 0.520 0.570 2.1
Au-Ag@ZIF-67 1072.5 55.6 1016.9 0.510 0.560 5.7
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S4. Fe;04-COOH characterizations

Figure S4. TEM images of (a) Fe3O4 nanoparticles and (b) Fe304-COOH nanostructures. (¢) FTIR spectra of (a)

Fe304-COOH (b) citric acid.
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S5. Electrochemical studies

Table S2 Rs and Rt calculated from fitting the experimental data by the equivalent circuit.

Substrate R (2) Ry ()
SPCE 164.7  533.1
ZIF-67/SPCE 171 672.2

Ag@ZIF-67/SPCE 1684 4355
Au@ZIF-67/SPCE 1779  133.4
Au-Ag@ZIF-67/SPCE  162.6 =0

S5.1 Electroactive Surface Area Calculations

To further investigate the surface properties of the electrodes, CVs at multiple scan rates
were performed. Figure S5a-e show the CV curves of the bare SPCE and all the modified
electrodes in a solution of 5 mM Fe(CN)s*"* in 0.01 M PBS containing 0.1 M KClI at
several scan rates ranging from 10-300 mV s'. As shown in Figure S5f, the Randles-
Sevcik plot of each electrode is derived from the corresponding CV curves. The anodic
peak current (Ipa) increased linearly with the square root of the scan rate (v'’?), suggesting
that the redox reaction at the electrode surface was a diffusion-controlled process. The
electrochemically active surface area (ECSA) of the electrodes represents both the
capacity of the electrode surface to provide conductive path for electron transfer, and the
number of catalytically active sites for the electrochemical reactions [1]. For reversible
reactions, the value of ECSA can be calculated according to the Randles-Sevcik equation
[2]:

L, = (2.69 x 10%)n3/2ADY/?v!/2(,
where I, is the peak current (A), n is the number of the electrons participating in the

reaction, A is the surface area of the electrode (cm?), D is the diffusion coefficient of the
electroactive species (cm? s™), v is the scan reate (V s™!), and C, is the concentration of
the electroactive species in the bulk solution. Based on the slope of the anodic plot of L,
vs. v, the ECSA was calculated for each electrode (Table S3). The value for SPCE,
ZIF-67/SPCE, Au@ZIF-67/SPCE and Ag@ZIF-67/GCE, and Au-Ag@ZIF-67/SPCE is
measured as 0.13, 0.07, 0.16, 0.31 and 0.9 cm?, respectively. The significant increase in
the electroactive surface area of Au-Ag@ZIF-67/SPCE (more than seven times higher
than the geometrical surface area) can be ascribed to the uniform distribution of

nanoparticles on the porous ZIF-67. It can be deduced that the hybrid of ZIF-67 and Au-
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Ag NPs, not only could provide facilitated electron transfer pathways, but also a myriad

of electroactive sites for the target molecules to be absorbed on the surface.
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Figure S5. a-e CV curves at various scan rates for the prepared electrodes. f the corresponding linear fitting of
oxidation peak currents versus the square root of scan rates. All experiments were conducted in a solution of 5 mM
[Fe(CN)6]** in 0.1 M PBS containing 0.1 M KCI.

Table S3 The electroactive surface area calculated from the linear fitting of oxidation peak currents versus the
square root of scan rates

Ib=mv*+a

Substrate m (A s5 V05) a R? Electroactive area (cm?)
SPCE 0.000459 0.000018  0.99 0.13
Z1F-67/SPCE 0.000236 0.000029  0.93 0.07
Ag@ZIF-67/SPCE 0.000574 0.000141 0.99 0.16
Au@ZIF-67/SPCE 0.001081 0.000181 0.99 0.31
Au-Ag@ZIF-67/SPCE 0.00314 0.000297  0.997 0.90
Concentration = 5 * 10~ (mol L") Diffusion coefficient = 6.7 * 10 (cm? s™")
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S5.2 Optimization of ¢Tnl Detection Condition

To determine the maximum sensitivity in this assay, the optimal amount of Fe3O4-
COOH-AD: and Ab2 were assessed. First, various amounts of Abz (0.1, 0.2, 0.3, 0.4
and 0.5 pg) were immobilized onto the Au-Ag@ZIF-67 modified SPCE surface. The
optimal concentration of the Ab: for the assay was detected around 0.3 pg. Following,
different volumes of Fe304-COOH-Ab: were analyzed, and 15 pL. was ultimately
determined as the ideal amount for all electrochemical measurement. The results
indicated that the increase in concentration of FesO4-COOH-Ab: leads to decrease in
the signal intensity; however, due to the low current intensity change between 15, 18
and 20 pL of Fe3s04-COOH-Ab1, 15 puL was selected as the ideal volume for all
electrochemical assays. The appropriate amounts of components were determined
based on the SWYV results of 500 pg mL™! cTnl. Additionally, the effect of various
incubation times (30—60 min) and temperatures (25 and 37 °C) on the rate of
interaction between the target with Abi and Abz were also evaluated. The analysis of
SWYV response exhibited that the best signals found after 40 and 50 min incubation at
25 °C, respectively (data not shown).

To optimize the performance of the immunosensor for detecting cTnl, the various
electrochemical parameters were investigated as shown in Figure S6. For optimizing the
Au-Ag NPs electrodeposition procedure, the CV experiment was carried out at 5, 10, 15,
and 20 cycles (data not shown). The electrode with 15 cycles showed the highest current
density and was used for the further experiments. To optimize all parameters the constant
concentration of ¢Tnl (0.5 ng ml") was used. The current density after 45 min is almost
constant, therefore all the experiments were performed after 45 min. Moreover, the
modulation amplitude for the DPV experiment was investigated at 0.1, 0.15, 0.2, 0.25 V

(Figure S6a) and the optimized modulation amplitude was selected at 0.25 V. The
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frequency for the SWV method was further examined at 5, 10, and 15 Hz and at the

frequency of 15 Hz, the highest current density was obtained (Figure S6b).
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Figure S6. a DVP curves at the modulation amplitude of 0.1, 0.15, 0.2, and 0.25 V, and b SWV curves at the
frequency of 5, 10, and 15 Hz. The sandwich-type immunosensors of Au-Ag@ZIF-67/SPCEs (0.5 ng mL!' c¢Tnl)
were used for all experiments. All experiments were conducted in a solution of 5 mM [Fe(CN)s]** in 0.01 M PBS
containing 0.1 M KCL
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S5.3 Specificity, stability, reliability, repeatability, and reproducibility
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Figure S7. a Specificity of the designed immunosensor toward various types of target proteins, b Stability study for

14 weeks at 4 °C, ¢, and d Repeatability and Reproducibility of the modified immunosensor, respectively. All data
were presented based on the SWV results.

Table S4 Comparison of electrochemical biosensors for detection of cTnl.

LOD
Electrode Detection Technique Linear range (pg mL™) . Ref.
(pg mL™)
Au/Co-BDC/MoS2/GCE CA 0.01-100000 0.00302 [3]
PdCuPt/PPY/DCSC/GCE CA 0.05-1000000 0. 01603 [4]
Cu3(BTC)2/PANI/SPCE EIS 1000-400000 800 [5]
aptamer-MoS2 NSs/GCE EIS 10-1000000 0.95 [6]
CIL-HCNTSs/GCE DPV 10-60000 0.6 [7]
SWV 0.0473
DPV 0.0544 this
Ag-Au@ZIF-67/SPCE 40-8000
Cv 0.0784 study
EIS 0.0736
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Table S5 Comparison of CTnl concentrations in whole blood samples detected by our immunosensor and ELISA
techniques.

ELISA results Developed biosensor results - RSD Recovery

(pg mL™) (pg mL™) (o) (%)
43 42 0.707 1.66 98
52 53 0.71 1.37 98
124 123 0.71 0.57 99
256 258 1.41 0.55 101
396 391 3.54 0.9 99
451 446 3.54 0.79 99
569 560 6.36 1.13 98
687 696 6.36 0.92 101
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