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Supplementary Note 1: Formulas for calculating conduction band potentials and valence band potentials.  
The conversion equation normal hydrogen electrode potential (NHE) and Ag/AgCl  electrode potential1：



Supplementary Note 2: Computational details.
All the calculations were carried out using the GGA-PBE functional implemented in the Vienna ab initio Simulation Package (VASP)2. We used the generalized gradient approximation (GGA) with the Pedrew-Burke-Ernzerhof (PBE) function3 and Hubbard U corrections (3.32 eV for treating Co 3d orbitals) were introduced to consider the self-interaction error of transition metals. The cut-off energy for plane wave is set to 500 eV. The energy criterion is set to 10-5 eV in iterative solution of the Kohn-Sham equation. The Brillouin zone integration is performed using a 3x3x1 k-mesh. All the structures are relaxed until the residual forces on the atoms have declined to less than 0.01 eV/Å. 
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Fig. S1 SEM image of the MXenes film.
[image: 图S2]
[bookmark: _Hlk202297155]Fig. S2 AFM image of the Co-TiO2 Nanosheet. The Co-TiO2 Nanosheet showed a thickness of 4.28 nm and a lateral size of 395.22 nm.
[image: 图S3]
[bookmark: _Hlk202297165]Fig. S3 EDX mapping of the elemental composition of MXenes. MXenes contained C, O, F, Al and Ti elements.
[image: 图S4]
[bookmark: _Hlk202297185][bookmark: _Hlk202294112]Fig. S4 EDX mapping of the elemental composition of Co-TiO2. Co-TiO2 contained O, Ti and Co elements.
[image: 图S5]
[bookmark: _Hlk202297205]Fig. S5 XPS spectra of MXenes powder. (a) survey, (b–e) high resolution spectra of C1s, Ti 2p, O 1s, and F1s regions, respectively.
[image: 图片S_6]
Fig. S6 Preparation process of biosensor. In brief, Ti⁴⁺ sites within the MXenes/Co-TiO₂ composite selectively recognize phosphate groups on the kinase phosphorylation substrate (kemptide) via coordination interactions. Detailed descriptions are provided in the main text.
[image: 图S7]
[bookmark: _Hlk202297246]Fig. S7 The photocurrent response diagram corresponding to progressively modified electrodes. (a) bare ITO, (b) chitosan-modified ITO, (c) glutaraldehyde/chitosan/ITO, (d) kemptide/glutaraldehyde/chitosan/ITO, (e) phosphorylated kemptide/glutaraldehyde/chitosan/ITO, and (f) MXenes/Co-TiO2 probe-functionalized electrode.
[image: ]
Fig. S8 PL spectra of Co-TiO2 with MF and without MF conditions. Under 532 nm laser excitation, the PL intensity of Co-TiO2 at 650 nm decreased by 1.6% under MF.
[image: ]
Fig. S9 The intensity of the photocurrent signal changes with different kempatide concentrations. (a) kempatide concentration, (b) ATP concentrationsand and (c) phosphorylation timesc. The light power density was 190 mW cm-2, electrode area was 0.5 cm2.
[image: 图S10]
Fig. S10 The linear relationship between the intensity of the photocurrent changes and the PKA concentration without magnetic field. The PKA concentration within the range of 0.005 to 1 U/mL had a linear fitting function of y = 2.86 + 36.17x (where y represents photocurrent intensity and x represents PKA concentration), with a correlation coefficient of R2 = 0.998.
[image: 图S11]
Fig. S11 The detection of PKA concentration in the synovial fluid (diluted 500 times) of normal individuals and osteoarthritis patients using an Elisa kit. The results indicated that the biological activity of PKA in the synovial fluid of osteoarthritis patients is significantly increased
[image: 图S12]
Fig. S12 8-cycle response curve of the PEC biosensor. The PKA concentration was 0.5 U/mL. The results showed a low relative standard deviation (RSD) of 0.33%.
[bookmark: _Hlk202297373]Table 1 Comparison of various methods for PKA activity assay
	Method
	Linear range  (U/mL)
	Detection limit (U/mL)
	Reference

	Colorimetry
	0-0.5
	0.0375
	4

	Fluorescence
	0-1000
	0.5
	5

	Fluorescence
	0-800
	0.5
	6

	Electrochemiluminescence
	0.07-32
	0.07
	7

	Quartz crystal microbalance
	0.64-22.33
	0.061
	8

	Electrochemistry
	0.05-100
	0.014
	9

	Electrochemistry
	0.005-50
	0.002
	10

	PEC method
	0.005-0.0625
	0.0049
	11

	PEC method
	0.05-100
	0.048
	12

	PEC method
	0.05-50
	0.017
	13

	PEC method
	0.001-100
	0.00035
	14

	PEC method
	0.008-80
	0.005
	15

	PEC method
	0.005-50
	0.0049
	16

	PEC method
	0.015-60
	0.009
	17

	PEC method
	0.004-90
	0.0026
	18

	This work 
	0.005-80
	0.00027
	without MF

	This work
	0.005-80
	0.00016
	 With MF
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