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Preparation of Cu-Hemin MOFs and Au@MOFs

As shown in Scheme S1. In neutral buffer, the three-dimensional structure of Cu-Hemin
MOFs were first generated through the coordination between Cu?" and the carboxyl groups
of Hemin molecules. Subsequently, a large number of negatively charged AuNPs were

loaded into the open pores of Cu-Hemin MOFs through the electrostatic interaction to obtain

Au@MOFs.
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Scheme S1 Schematic illustration of the preparation of Cu-Hemin MOFs and Au@MOFs.

Comparison of element contents between Cu-Hemin MOFs and Au@MOFs
Compared with Cu-Hemin MOFs, the content of element Au in Au@MOFs increases

significantly, as shown in Table S1.

Table S1 A comparison of quantitative element contents between Cu-Hemin MOFs and Au@MOFs.

Element CK NK OK Fe K CukK Au L
1 ()
Cu-Hemin Weight (%) 28.34 1.87 48.32 1.87 19.06 0.54
MOF
OFs Atomic (%) 40.34 2.28 51.63 0.57 5.13 0.05
Weight (%) 20.36 1.76 47.94 1.29 10.76 17.88
Au@MOFs

Atomic (%) 33.23 247 58.75 0.45 3.32 1.78




Characterization of Cu-Hemin MOFs and Au@MOFs by UV-vis absorption spectra

UV-Vis absorption spectra were used to analyze the composition of the synthesized
materials, as shown in Fig. S1. In Cu-Hemin MOFs, the characteristic absorption peak of
Cu?* disappears, only weak B band absorption of Hemin can be observed at 410 nm,S! which
demonstrates that the small-sized Cu?* is inserted into the larger Hemin molecules in an
atomic-level dispersed state.5? In the mixture of Cu-Hemin MOFs and AuNPs, the absorption
peaks of B band (404 nm) and AuNPs (524 nm) can be observed at the same time with no
significant peak shift, while in Au@MOFs, the absorption peak of AuNPs disappears,
indicating that AuNPs were successfully loaded into Cu-Hemin MOFs, consistent with the
results of EDAX.

Hemin
— AUNPSs
—— CuCl,
= Cu-Hemin MOFs
= AU@MOFs
- Cu-Hemin MOFs
+ AUNPs

300 400 500 600 700 800 900 1000
Wavelength / nm
Fig. S1 UV absorption spectra of Hemin (yellow curve), AuNPs (red curve), CuCl, (Cyan curve),
Cu-Hemin MOFs (green curve), Au@MOFs (blue curve), and the mixture of Cu-Hemin MOFs and
AuNPs (purple curve).



Characterization of Cu-Hemin MOFs and Au@MOFs by XRD spectra

XRD spectra were used to characterize the chemical composition and crystal phase
purity of the synthesized materials, as shown in Fig. S2. In the XRD spectrum of Cu-Hemin
MOFs, significant diffraction peaks can be observed around 8.1, 12.8, 20.8, 29.9, 33.5, 40.1,
and 53.2° indicating that the three-dimensional flower spherical structure has good
crystallinity.S" 83 In the XRD spectrum of Au@MOFs, the diffraction peaks of Cu-Hemin
MOFs are basically unchanged, and new diffraction peaks appear around 38.2 and 44.3°,
representing the (111) and (200) crystal planes of AuNPs, respectively, indicating that
AuNPs were successfully loaded into Cu-Hemin MOFs with the retained three-dimensional

structure of MOFs, consistent with the characterization results of SEM.
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Fig. S2 The XRD spectra of Hemin (black curve), Cu-Hemin MOFs (red curve), and Au@MOFs
(blue curve), respectively.



The high resolution XPS spectra of Hemin, Cu-Hemin MOFs, and Au@MOFs
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Fig. S3 The high resolution XPS spectra of C 1s of Hemin (A), Cu-Hemin MOFs (B), and Au@MOFs (C),
respectively. The high resolution XPS spectra of O 1s of Hemin (D), Cu-Hemin MOFs (E), and
Au@MOFs (F), respectively. The high resolution XPS spectra of Cu 2p of Cu-Hemin MOFs (G) and

Au@MOFs (H).



ESCL process
After the synthesized Au@MOFs were modified on the electrode surface and a certain
potential range was applied (=1.0 ~ 1.0 V), Cu?" gradually dissolved from the electrode

surface, and then cooperated with Hemin and AuNPs in the MOF composites to catalyze the

ECL reaction, resulting a triple amplified ESCL process, as shown in Scheme S2.
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Scheme S2 Schematic illustration of the ESCL process of luminol-H>02/Au@MOFs system.



ECL catalytic amplification mechanism
Representative catalysts were selected for the electrode modification and CV scanning
to explore the catalytic amplification mechanism towards the ECL intensity of the

luminol-H20» system (Fig. S4).
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Fig. S4 (A) CV of bare GCE (purple curve, a), Hemin (green curve, b), Zn-Hemin MOFs (blue curve, c),
Cu-Hemin MOFs (red curve, d) and Au@MOFs (black curve, ¢) modified GCE in 0.1 M PBS (pH = 7.4)
containing 100 uM luminol and 10 mM H20s. Scan rate: 0.1 V/s. Scan potential: —1.0 ~ +1.0 V. (B) The
magnification of (A) from 0.3 V to 0.8 V. (C) The magnification of (A) from —0.5 Vto 0 V.

With the layer-by-layer assembly of the structural units, the reduction peak of H2O:
right shifts with the increased peak current (Fig. S4A), while the oxidation peak of luminol is
basically unchanged, only the peak current increases slightly (Fig. S4B). These results
demonstrate that the ordered assembly of multiple catalysts can significantly improve the

electron transport efficiency and accelerate the conversion of H>O: to reactive oxygen



species (ROS), so that the electrooxidized luminol anions can be rapidly converted into

high-energy excited states to produce stronger ECL emission, as shown in equations S1—S4.

H>02 + e — ROS (S1)
luminol™ — ¢~ — luminol ™+ H* (S2)
luminol’ ™+ ROS — luminol[O]* (S3)

luminol[O]* — luminol[O] + Av (S4)

It is worth noting that, for Cu-Hemin MOFs and Au@MOFs, significant Cu?* stripping
peaks can be observed around —0.2 V and —0.1 V, respectively.>* The latter peak shape was
sharper with higher peak current (Fig. S4C), indicating that the assembly of AuNPs can

significantly improve the detection sensitivity.



ECL performance optimization

In order to obtain the best ECL signal response, it is necessary to explore the influence
of each component content in the Au@MOFs on the ECL signal of the luminol-H20- system.
The ECL signals of 10.00 pL of different concentrations of Cu-Hemin MOFs modified GCE
in luminol-H>O> system were first explored, as shown in Fig. S5A and S5B. The best
concentration of Cu-Hemin MOFs dispersion should be 5.0 uM. Then, the effect of adding
different volumes of Na;Cit@AuNPs to 1.0 mL Cu-Hemin MOFs dispersion on the ECL
signal of the system was explored (Fig. S5C and S5D), and 1.0 mL of Na3Cit@AuNPs
should be added to the Cu-Hemin MOFs dispersion.
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Fig. S5 ECL response of Cu-Hemin MOFs modified GCE (A) and the corresponding curve of ECL
intensity to different concentrations of Cu-Hemin MOFs (B). ECL response of Au@MOFs modified GCE
(C) and the corresponding curve of ECL intensity to different volume of NasCit@AuNPs added in 1 mL
Cu-Hemin MOFs (D). All the experiments were conducted in 0.1 M PBS (pH = 7.4) containing 100 uM
luminol and 10 mM H>0O;. Scan rate: 0.1 V/s. Scan potential: —=1.0 ~+1.0 V. PMT = 600 V.



Characterization of ESCL immunosensor
As shown in Fig. S6, the electrochemical characterizations of the fabricated ESCL

immunosensor, including cyclic voltammetry (CV) and electrochemical impedance

spectroscopy (EIS), were carried out step by step in Fe(CN)e** solution.
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Fig. S6 CV (A) and EIS (B) of the modified electrodes during ESCL immunosensor assembly. (a) bare
GCE, (b) Auplaie/GCE, (c) anti-cTnl/Auplae/GCE, (d) BSA/anti-cTnl/Auplae/GCE, (€)
cTnl/BSA/anti-cTnl/Auplae/GCE, and (f) anti-cTnl-Au@MOFs/cTnl/BSA/anti-cTnl/Auplae/ GCE. All the
experiments were conducted in 0.1 M PBS (pH = 7.4) containing 1.0 mM K4Fe(CN)gsand 1.0 mM
K3Fe(CN)e. Scan rate: 0.05 V/s. EIS: 100—1 Hz, S mV rms, 0.21 V vs SCE. ¢Tnl concentration: 0.10
ng/mL.



Optimization of the detection conditions of ESCL sensor

To achieve the most sensitive ECL response, the influence of the incubation time of
anti-cTnl-Au@MOFs on the ECL signal was explored, as shown in Fig. S7A and S7B.
Considering the time cost and the detection sensitivity, 40 min was selected as the optimal
incubation time. In addition, the pH value of the detection solution is also one of the
important factors affecting the results of immunoassays. The ECL response of
immunoelectrodes in the neutral pH range was mainly explored, as shown in Fig. S7C and
S7D. Considering the high ECL response and the low chemiluminescence background, 7.4

was selected as the most suitable pH value.
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Fig. S7 ECL response of the ESCL immunosensor (A) and the corresponding curve of ECL intensity to
different incubation time of anti-cTnl-Au@MOFs (B). ECL response of the ESCL immunosensor (C) and
the corresponding curve of ECL intensity to different pH value of the detection buffer (D). All the
experiments were conducted in 0.1 M PBS containing 100 uM Iuminol and 10 mM H»0,. cTnl
concentration: 0.10 ng/mL. Scan rate: 0.1 V/s. Scan potential: —1.0 to +1.0 V. PMT = 600 V.



Analytical performance Comparison

As shown in Table S2, the sensitivity of the fabricated ESCL sensor is competitive with

or better than those of other previous reports.

Table S2 Comparison of the fabricated ESCL sensor with other immunosensors.

Analytical

, LDR LOD
Analyte Label Sensing platform Ref
method (ng/mL) (pg/mL)
SWV Label TdT-aptamer-probe 0.5-100 40 85
DPV Label-free ~ Cu-MOF-74/NH,-rGO 1.0x10°-1.0 4.5%x1073 86
Digital Count Label AuNPs 5%1073-5 1.4 §7
SERS Label Au-4MBA@Ag 0-2 9.8 s
PEC Label-free SINWs@PDA 0.005-10 1.47 89
Tnl PEC Label Zr-MOF@TiO:NRs 0.01-10 8.6 810
CL Label-free ~ CS-Co?"-Luminol-Au 0.01-10000 1.57 St
ECL Label-free TEOA@Au 3.50x10™#-350 3.4x1072 S12
ECL Label MoS;@Cu,0-Ag 0.01-100 2.9%1073 S13
Label-free 3.50x10™*-350 3.7x1072
ESCL fullerenol@AuNPs St4
/Label /3.5%107°-35 /1.5%1073
ESCL Label Au@MOFs 1.0x107-1.0x10? 7.8x107 This work

TdT: terminal deoxynucleotidyl transferase. NH>-rGO: amino groups functionalized reduced graphene

oxide. 4MBA: 4-mercaptobenzoic acid. PEC: photoelectrochemistry. SINWs: silicon nanowires. PDA:

polydopamine. TEOA: triethanolamine
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