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Fig. S2. FESEM images of laccase@Fe-BTC/NiFe,0,-MT-0.1 (a-c), laccase@Fe-BTC/NiFe,04-MT-0.2 (d-f),

laccase@Fe-BTC/NiFe,04-MT-1 (g-i) and laccase@Fe-BTC/NiFe,0,-MT-2 (j-1).



Fig. S3. Photographs of laccase@Fe-BTC/NiFe,0,-MT with and without external magnetic field
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Fig. S4. Effect of the initial concentration of laccase solution used in the synthesis process on the laccase loading.
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Fig. S5. Percentage laccase leaching along the time for laccase@Fe-BTC and laccase@Fe-BTC/NiFe,O,-MT.
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Fig. S6. The decolorization of MB in terms of TOC removal (pH = 3.0, Temperature = 30°C, Cy;g = 20 mg L,
Vue = 30 ml, mg,pmpe = 30 mg, Vizo2/Vue=3%)



—B— NiFe,0,-MT
—@— Fe-BTC/NiFe,0,-MT
—&— Laccase@Fe-BTC/NiFe,0,-MT

dV/dlog(D)Pore Volume(cm®/g)
2 2 o e 2 @2
£FE 8 &8 =2 5 =
1 1 1 1 1 1

0.02

Pore Diamter(nm)
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Section 3: Tables

Table. S1. Pore texture parameters of the obtained samples

Sample Sger (m?g™!) Shicro (M?g") Vo (cmig?) VMicro (cm®g!) D, (nm)
1# 45 0 0.117 0 10.5
2# 121 9 0.277 0.004 9.19
3# 160 48 0.309 0.027 7.73

aSget: BET specific surface area; Syyicro: micropore surface area; Vo : total pore volume; Vyiero: micropore volume;

D,: average pore diameter. 1#: NiFe,04-MT, 2#: Fe-BTC/NiFe,04-MT, 3#: laccase@Fe-BTC/NiFe,04-MT.
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Table. S2. Movement rate, drag force and work efficiency of NiFe,O4-MT

H,0, v/100 Firag/ 10712 Proccha/ 10713 Pepen/1078 n/108
1% m s’ N W motor-! W motor-!

0.5% 87.24+10.7 147+£35.8 13.2+4.7 24.6+2.1 5.6£2.4
1% 133.3+15.1 342.6+76.7 46.8+15.4 32.843.4 14.9+6.2
3% 150+17.4 434+99.8 66.8+£22.6 53.145.6 13.2+5.6
5% 287.8429.2 1592.7+£320.1 467.8+138.7 114.5+11.2 42.4+16.3

10% 1542.4+310.6 47103.1+18231.6 78313.6+42750.3 5577.5+512.3 148.7£90.3
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Table. S3. Movement rate, drag force and work efficiency of laccase@Fe-BTC/NiFe,O4-MT

H,0, v/10© Firae/ 10712 Procena/ 10713 Pepen/1078 n/108
1% m s’ N W motor-! W motor-!

0.5% 71.749.7 99.54+26.3 7.44+2.9 8.1£0.6 9.4+4.2
1% 125+12.3 300.24+58.3 38.2+11.0 55.8+6.9 7.2+2.9
3% 141.7+16.5 387.1+£88.8 56.3+18.9 51.0+£5.4 11.6+4.9
5% 300.0+£27.5 1727.4+£314.1 526.9+141.8 111.1+15.1 50.1£19.6
10% 1316.7£278.3 34461.4+13943.1 49254.1+£27947.7 1748.8+132.5 295.4+182.2

12



Section 4

The description of physical parameters

The drag force, resistance and working efficiency of the NiFe,O,-MT and the laccase@Fe-BTC/NiFe,0,-
MT were studied. It is assumed that the drag force generated by the bubble breaking away from the micromotor
surface is equal to the steady-state fluid power. Therefore, the speed and force of the micromotor under low
Reynolds coefficient can be estimated by the following formula:

Fop. — 670 (1)
v (m s7) is the speed of micromotor motion, u (mPa s) is fluid viscosity, and y (m) is distance traveled in
a given amount of time.

The kinetic energy of the micromotor driven by bubbles is actually converted from the chemical energy

generated by the decomposition of H,O, by Mn,0;. Therefore, the efficiency of the micromotor can be

calculated by the following formula '-2:

7= Preccra! Ponem 2)
Prora = Fipgg -0 = 671170 3)
P, =n-Ar’G 4)
n=PV/RT (5)
V=N-4xR] /3 (6)

1 is the efficiency of the micromotor, P,,.., is micromotor mechanical power (W motor'), P, is chemical
input power (W motor'), which is equal to the chemical energy of all the gas produced, V is the volume of an
ideal gas. n is mol of gas (mol), T'is thermodynamic temperature of an ideal gas (K), N is the number of bubbles

per second, R, is the diameter of bubble (m)3.
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Bradford analyses

The Bradford method was used to determine laccase loading on Fe-BTC/NiFe,O4-MT by measuring of the
initial and final concentrations of protein within the immobilization medium solutions. A calibration curve was
plotted using Coomassie Brilliant Blue G-250 solutions as standards (0—24 mg/L). The laccase concentration
in the solution can be determined with UV—vis spectrophotometry by measuring the absorbance at 595 nm.
The amount of laccase immobilized onto Fe-BTC/NiFe,04-MT was calculated by mass balance with the
following equation:

Laccase loading (mg/g) = (Co—C;)V/W, X 100%

where C, is the initial laccase concentration (mg/mL), C, is the final laccase concentration (mg/mL),V is the
laccase volume (mL), and W is the support dose added (g) 1.

Laccase leaching Test

15 mg of laccase@Fe-BTC/NiFe,O4,-MT ( was mixed with 3 mL of Acetic acid - sodium acetate buffer
solution pH=3.0) and incubated at 4°C for different time, and then the solid fragment was removed. The protein

concentration of the supernatant was determined by Bradford assay at different times as displayed in Fig.S5.
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