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Experimental details 

Thermal denaturation kinetic 

The thermal denaturation constants (kd) were calculated from the first order 

exponential approach Eq. 1: 

𝐴𝑐𝑎𝑡 𝐴𝑐𝑎𝑡 ,0� = exp(−𝑘𝑑𝑡)                  1)                                      

where Acat,0 was the CAT activity before incubation, Acat was the CAT activity after 

incubation at a certain temperature for a certain time and t was the incubation time. 

The half-life (t1/2) value for CAT thermal denaturation was determined from Eq. 2: 

𝑡1/2 =
𝑙𝑛2

𝑘𝑑
 

                       2) 

The activation energy (Ed) for CAT thermal denaturation was determined by applying 

the Arrhenius equation Eq. 3: 

         𝑙𝑛𝑘𝑑 = −𝐸𝑑 𝑅� + 𝑙𝑛𝐶                      3)                                         

The Ed was calculated by the plot of log denaturation rate constants (lnkd) versus 

reciprocal of the absolute temperature (T) from Eq. 4: 

𝑆𝑙𝑜𝑝𝑒 = 𝐸𝑑 𝑅�                     4)                                            

The change in enthalpy (ΔH0
 kJ mol

−1
) for CAT thermal denaturation was determined 

using the Eq. 5: 

Δ𝐻0 = 𝐸𝑑 − 𝑅𝑇                             5)                                                

where R was the gas constant (8.3145 J mol
−1

 K
−1

) and T was the corresponding 

absolute temperature. 
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a) 

 
b) 

 
c) 
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d) 

Fig. S1. EDS of the PDA/cysteamine/Ti microcapsules prepared with different 

concentration of cysteamine (a) 2 mg mL
-1

 (b) 8 mg mL
-1

 (c) 16 mg mL
-1

 (d) 24 mg 

mL
-1

. 
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Fig. S2 XPS spectra of the PDA/cysteamine/Ti microcapsules 

X-ray photoelectron spectroscopy (XPS) was utilized to further confirm the existence 

of cysteamine in the PDA/cysteamine/Ti microcapsules. There were C, O and N 
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elements in the XPS survey spectrum of the pure PDA microcapsules.
1
 As shown in 

Fig. S2, there were C, O, N, S and Ti elements in the XPS survey spectrum of 

PDA/cysteamine/Ti microcapsules. The S element should be originated from 

cysteamine. 
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