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Fig. S1. The absorbance of oxidized TMB in the presence of different concentrations 

of hPBNCs with or without ATP (10 mM).

Fig. S2. Time-dependent absorbance changes at 652 nm at different pH values in the 

absence (A) or presence (B) of 10 mM ATP.



Fig. S3. The catalytic activity of hPBNCs with or without ATP at pH 10. 

Fig. S4. The UV-vis-NIR absorbance spectrum of hPBNCs in the absence (A) or 

presence (B) of 10 mM ATP at different pH values. 



Fig. S5. The TEM images of hPBNCs in the absence (A) or presence (B) of 10 mM 

ATP at pH 8.

Fig. S6. Steady-state kinetic assay and catalytic mechanism of hPBNCs or hPBNCs-

ATP. Lineweaver-Burk plot of the reciprocals of initial rate vs. substrate 

concentration for the determination of kinetic parameters Km and Vmax of hPBNCs (A 

and B) and hPBNCs-ATP (C and D) with H2O2 (left) or TMB (right) as the substrate. 

Error bars were estimated from three independent measurements.



Fig. S7. The formation of •OH radical monitored by TA assay under different 

conditions.

Fig. S8. Characterization of 1O2 signal using ESR spectral method. 



Fig. S9. Time-dependent absorbance changes at 652 nm as a result of the catalyzed 

oxidation of TMB by hPBNCs with or without different concentrations of ATP. 

Fig. S10. EIS of GCE, ATP/GCE, hPBNCs/GCE and hPBNCs-ATP/GCE in 0.1 M 

KCl solution containing 5.0 mM [Fe (CN)6]−3/−4 solution. The frequency range was 

from 1×10−2 to 1×105 Hz. Electrochemical experiments were performed on 

electrochemical workstation (CHI660D, Shanghai, China) with a conventional three 

electrode system with the modified electrode as the working electrode, a platinum 

wire (1 mm diameter) as the counter electrode and an Ag/AgCl electrode (saturated 

with KCl) as the reference electrode.



Fig. S11. The free-phosphate productions from hydrolysis of ATP/ADP/AMP in 

solutions or catalyzed by hPBNCs.

Fig. S12. The adsorption efficiency of ATP, ADP and AMP on hPBNCs. To 

determine the adsorption efficiency of ATP, ADP and AMP on hPBNCs, 

ATP/ADP/AMP was incubated with hPBNCs at room temperature for 20 min. After 

incubation, the mixture was centrifuged and the obtained supernatant was quantified 

by UV-vis absorption spectroscopy. The absorption efficiency was calculated using 

the following equation: Adsorption efficiency (%) = (C0-C) / C0

where C0 is the initial concentration of ATP/ADP/AMP, and C is the concentration of 

the supernatant. 



Fig. S13. The effects of ALP with different concentrations on the catalytic activity of 

hPBNCs at (A) pH 7 and (B) pH 8. The concentration of hPBNCs was 2.5 μg mL-1.

Fig. S14. Detection of ALP activity in mice serum using hPBNCs-ATP system. (A) A 

dose-response curve for ALP detection using the hPBNCs-ATP system. (B) The 

linear plots of absorbance measured at 652 nm as a function of the ALP concentration. 

A0 and A are the absorbance intensity at 652 nm in the absence and presence of added 

ALP, respectively.



Table S1. Comparison of recently reported nanozyme-based assay for ALP detection

Nanozyme LOD Linear range
Analytic 

time (min)
References

Copper (II)-

based metal-

organic 

frameworks

0.19 mU mL-1 1-34 mU mL-1 90 [1]

MIL-53(Fe) 0.7 mU mL-1 2-80 mU mL-1 110 [2]

Ce-based 

nanorods
0.1 mU mL-1 0.5-25 mU mL-1 100 [3]

MnO2 

nanosheets
0.05 mU mL-1 0.05-10 mU mL-1 N.A. [4]

nucleotide 

coordinated 

copper ion

0.45 mUmL-1 1-30 mUmL-1 > 120 [5]

G-rich DNA-

Cu(II) 

complex

0.84 mU mL-1 20-200 mUmL-1 80 [6]

hPBNCs 1.54 mU mL-1 2.5-50 mU mL-1
40 This work
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