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1.1 Characterization of GOD/Fe-MOF

The surface morphology of the Fe-MOF and the resulting GOD/Fe-MOF 

composite was characterized by SEM. As depicted in Figure S1A, the Fe-MOF 

exhibited cubic structures. Following the immobilization of GOD, the surface of 

GOD/Fe-MOF composite became rough, however retained the core morphological 

features of the MOF without significant structural alteration (Figure S1B), indicating 

successful enzyme incorporation without disrupting the framework integrity. 

Further Energy-dispersive X-ray spectroscopy (EDX) quantification proved the 

composite synthesis. Elemental analysis of the Fe-MOF revealed the expected 

constituents: carbon (C), oxygen (O), and iron (Fe), with the Fe mass fraction reaching 

30.14% (Figure S1C). In contrast, the EDX profile of the GOD/Fe-MOF composite 

showed distinct additional peaks corresponding to phosphorus (P) and sulfur (S) 

(Figure S1D), elements inherent to the GOD enzyme. Crucially, the composite 

maintained a high Fe mass fraction (20.73%), providing strong evidence for the 

effective doping of GOD within the MOF matrix to form the functional GOD/Fe-MOF 

composite. 

The chemical structure of the GOD/Fe-MOF composite was further elucidated by 

FT-IR spectroscopy. The spectrum of the Fe-MOF (Figure S1E, curve green) displayed 

characteristic absorption bands corresponding to organic ligand (NH₂-BDC) and metal-
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organic framework: symmetric and asymmetric COO⁻ stretching vibrations at 1297 

cm⁻¹ and 1555 cm⁻¹, respectively, and the Fe-O bond bending vibration at 770 cm⁻¹. 

Following GOD immobilization, the FT-IR spectrum of the GOD/Fe-MOF (curve blue) 

composite retained the principal MOF-associated bands, confirming framework 

stability post-modification. Crucially, new diagnostic peaks emerged, unequivocally 

signifying successful enzyme incorporation. The C-H stretching vibration from methyl 

and methylene groups was evident at 2930 cm-1. Additional key bands included the 

amide I band (C=O stretch) at 1640 cm-1 and the amide II band (a combination of N-H 

bend and C-N stretch modes) at 1400 cm-1, which were characteristic of the peptide 

backbone in GOD, and an additional band near 930 cm⁻¹ were assigned to C-H bending 

modes. The coexistence of these GOD-specific vibrational signatures alongside the 

preserved MOF fingerprint bands provides compelling spectroscopic evidence for the 

successful formation of the GOD/Fe-MOF composite material.
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Figure S1. SEM characterization of (A) Fe-MOF, (B) GOD/Fe-MOF. EDX of Fe-MOF 
(C) and (D) GOD/Fe-MOF. (E) FT-IR characterization of Fe-MOF, GOD, GOD/Fe-
MOF.



1.2 Exploration the acidic microenvironment

The pH of the reaction system before and after the addition of glucose was 

measured. As shown in Figure S2, the initial pH value of the reaction buffer was about 

7.4. After glucose was added and cultured for 20 minutes, the pH value dropped to 

about 5.2 due to the production of gluconic acid catalyzed by GOD.[1,2] According to 

prior studies on Fe-MOF have shown that significant framework disintegration occur 

when the pH dropped below approximately 5.5, with near‑complete decomposition 

occurring at pH 4.5–5.0.[3] Consequently, the gluconic acid generated within the 

sensing system not only promoted the decomposition of the Fe-MOF but also created 

an acidic microenvironment conducive to the Fenton reaction.

Figure S2. The change of pH value in the system.



1.3  DLS interference test and homogeneous catalysis verification 

The full-range DLS (1-1000 nm) of the reaction solution was performed, both in 

the presence and absence of Au NPs. As shown in Figure S3A (the absence of Au NPs), 

the signal at 60 nm was attributed to impurities such as MOF fragments, proteins and 

organic ligands and a faint signal was observed above 700 nm, which could originate 

from a small amount of incompletely degraded MOF. In stark contrast, when Au NPs 

were present (Figure S3B), the DLS spectrum displayed a single and distinct peak 

centered at 270 nm. This indicated that the scattering contribution from impurities such 

as MOF fragments was negligible when the presence of aggregated-Au NPs. This 

observation was consequence of the intensity‑weighted nature of DLS. The scattered 

light intensity from a particle depends not only on its physical size but also on its 

scattering cross‑section, which is a function of both size and the refractive index 

contrast between the particle and the medium.[4] The particle size of the aggregated-Au 

NPs was significantly larger than that of other impurities, furthermore, the surface 

plasmon resonance properties of the Au NPs further enhance the scattering ability.[5] 

Thus, the aggregated-Au NPs dominated the DLS signal.

 Figure S3. Full-range DLS particle size distribution diagram of Au NPs without (A) 

and with (B) in sensing system.

To distinguish whether the catalytic process was homogeneous (Fe2+ released from 

MOF) or heterogeneous (on intact MOF surface), the control experiment comparing 

systems with and without glucose was performed. As shown in the Figure S4, when 

glucose was absent in the system (1), gluconic acid will not be produced, the neutral 



pH kept the Fe-MOF intact. Under these conditions, the DLS signal was about 30 nm, 

indicating that the Au NPs had hardly aggregated at all and thus virtually no catalytic 

activity on the intact MOF surface. However, In the presence of glucose (2), it was 

oxidized by GOD to form gluconic acid, and the weakly acidic pH triggered the 

dissociation of MOF. The released Fe2+ subsequently undergone a homogeneous 

Fenton reaction with H2O2 to produce •OH. This radical cleaved the DNA on the surface 

of Au NPs, thereby salt-induced aggregation of Au NPs generated a strong DLS signal 

(approximately 300 nm). This indicated that catalytic activity required the dissociation 

of the MOF to release Fe2+, and that the intact MOF surface contributed little to this 

process. Therefore, this process constituted a homogeneous Fenton reaction rather than 

heterogeneous catalysis.

Figure S4. DLS particle size under different conditions, in the reaction system: (1) 
without glucose, (2) with glucose.



Figure S5. The investigation of (A) intra-day and (B) inter-day reproducibility of the 
sensor.

Table S1. Comparison of the different methods for detection of cTnI.

Methods Target
Linear ranges

(g/mL)

LODs

(g/mL)
References

Potentiometric immunoassay

Digital immunoassay

Chemiluminescence

Colorimetry

Fluorescence

SPR

SERS

LFIA

Voltammetry

Pressure bioassay

cTnI

cTnI

cTnI

cTnI

cTnI

cTnI

cTnI

cTnI

cTnI

cTnI

1.0×10-11 – 1.0×10-8

0 – 5.0×10-9

1.0×10-11 – 5.0×10-8

1.0×10-11 – 8.0×10-6

8.0×10-10 – 2.0×10-7

5.0×10-9 – 3.0×10-7

1.0×10-12 – 1.0×10-6

1.0×10-11 – 1.5×10-10

5.0×10-11 – 5.0×10-10

1.0×10-11 – 1.0×10-8

7.3×10-12

5.7×10-12

3.3×10-12

7.4×10-12

5.6×10-12
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