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A deep learning-based Cu SAzymes sensor : Preparation and their

application in sweat monitoring

Sha shuyuan' Shan guiye'”
(!School of physics, Northeast Normal University, Changchun 130024 China)

Abstract Using Cu-ZIF-8 as a precursor, copper single-atom nanozymes (Cu SAzymes) were
successfully prepared through a high-temperature pyrolysis strategy. AC-HAADF-STEM
characterization confirmed that copper elements were dispersed at the atomic level within the
material. Enzyme-catalyzed kinetic studies showed that the Michaelis constant Km for catalyzing
H-0: was 0.31 mM, and the Km for catalyzing TMB was 0.49 mM, demonstrating the high POD
enzyme activity of Cu SAzymes. On this basis, Cu SAzymes were coupled with GOx to construct
a cascade catalytic colorimetric method for sweat glucose detection. The detection limit of this
method was as low as 0.06 mM, offering advantages of high sensitivity and good selectivity. To
achieve intelligent detection, an LSTM neural network deep learning approach was introduced,
where the relationship between the color images of the reaction system and glucose concentration
was trained to achieve high-sensitivity detection of glucose in sweat.
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Fig.1 Schematic diagram of synthesis for Cu SAzymes (A) TEM image of Cu SAzymes (B)
EDS images (C) AC-HAADF-STEM images (D) XRD patterns of Cu SAzymes, Cu-ZIF-8, ZIF-8
and Simuate Cu (E) FTIR spectras (F) Raman spectras
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Fig.2 XPS survey spectrum(a) and high-resolution XPS spectra of N1s (b), C1s (c) and Cu2p (d)
of Cu
SAzymes
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Fig.3 (a) Schematic diagram of the peroxidase colorimetric reaction of Cu SAzymes; (b) UV-Vis
absorption spectras of different systems; (c) Effect of IPA on the POD activity of Cu SAzymes; (d)
ESR spectras of DMPO, DMPO+H»0,, and Cu SAzymes+DMPO+H,0; systems;
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Fig. 4 Initial reaction rates of the Cu SAzymes-catalyzed colorimetric system at varying TMB(a)
or H20x(b) concentrations and corresponding Lineweaver-Burk plot for TMB(c) or H>O»(d) as the
substrate
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Figure 5 (a) Schematic diagram of the mechanism for glucose detection using the cascade system
of Cu SAzymes and GOx; (b) UV-visible absorption spectra before and after adding Cu SAzymes
in the TMB, Glucose, and GOx system; (¢) UV-visible absorption spectra with different
concentrations of glucose added in the TMB, Cu SAzymes, and GOx system; (d) Linear fitting
graph of absorbance versus glucose concentration
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Fig 6. (a) Schematic diagram of concentration prediction using the LSTM model; (b) Comparison
of LSTM model predicted values and actual values; (c) Heatmap analysis of predicted values and
actual values of artificial sweat.
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Figure 7 Stability study of Cu SAzymes: (a) Selectivity for sugar analogs; (b) Selectivity and
anti-interference ability for common substances in sweat
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