Supplementary materials

Materials

Iron (III) chloride hexahydrate (99%) (FeCls -6 H20), iron (II) chloride tetrahydrate (99%)
(FeClz -4 H20), D-glucose (99.5%), ammonium hydroxide solution (25%), phosphate buffered
saline (PBS buffer), acetic acid, and sodium tripolyphosphate were purchased from Nevareaktiv
(Russia) and used without purification. Glucose oxidase (GOx) lyophilized powder (Aspergillus
niger, 174.9 U/mg), peroxidase (HPR, 150 U/mg), and glutaraldehyde solution (GA, 25%) were
purchased from Sigma-Aldrich and used as received. Chitosan middle-viscous, insoluble matter
<1%, 400KDa and N-(3-dimethylamiopropyl)-N'-ethyl carbodiimide hydrochloride (99%) were
obtained from FLUKA, BioChemika (Japan). N-hydroxysuccinimide (98%) was purchased from
Acros Organics (China). ABTS (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt, 98%) was obtained from AppliChem, Panreac, and used as received. Ethanol
was purchased from Pharmco-Aaper and used without purification,

Synthesis of MNA

In a typical experiment, 15 mL of the FeClsx6H20 solution (2.162 g in 15 mL of distilled water)
and 15 mL of the FeCl2x4H20 solution (0.792 g in 15 mL of distilled water) were mixed in a
jacketed glass reactor. The mixture was stirred for 15 min at a rate of 400 min ' at room
temperature, after which the temperature in the reactor was increased to 65 °C. The mixture was
stirred for another 15 min. After that, 10 mL of aqueous ammonia solution (25%) was added
dropwise at a rate of 2 mL /min followed by stirring for another 15 min.

Biocatalyst activity assays

In a typical experiment, 1.5 mL of D-glucose (50 mM), 1.5 mL of ABTS (0.02 M), and 15 pL of
native GOx (0.05 g) solution or 0.25g of the biocatalyst containing 0.05 g of GOx were mixed
with 1.8 mL of the PBS buffer at pH 6.0, followed by the addition of 200 uLL of HRP (10

pg.mL ™). Then the solutions were incubated for five minutes, after which the absorbance was
measured using a UV-5 spectrophotometer (UV/VIS Mettler Toledo) at 415 nm. At small D-
glucose concentrations, the amount of the reacted substrate was additionally determined by
iodometric titration [1]. It is noteworthy that in the enzyme activity measurements both native
and immobilized GOx samples had the same concentration of GOx and each experiment was
repeated three times.

The biocatalyst activity (A, mM( Gl: )/(mg (GOx) xmin)) was calculated using Eq. (S1)
[2,3]:

_ Gl
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where [GOx] is the amount (mg) of native or immobilized GOx, V' is the volume of the reaction
solution, 7 is the reaction time, and G/ is the amount of D-glucose (mmol) reacted. The
immobilization coefficient (IC) [4] was calculated as a change of the GOx activity in the

supernatant before and after immobilization of GOx on the support in the enzyme solution.

The maximum consumption of the substrate was regarded 100%. Then the relative activity (R)
was calculated as follows (Eq. S2) [2,5,6]:



Relative activity (%) = enzymatic activity/maximum enzymatic activityx100% (S2).
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Scheme S1. Schematic representation of D-glucose oxidation to D-gluconic acid in the presence
of HRP and ABTS.

Reusability of biocatalysts

In a typical experiment for the biocatalyst reuse, the biocatalyst was separated with a rare earth
magnet after each catalytic reaction and triple washed using a PBS buffer at pH 6 in order to
remove the remaining substrate that could be attached to the support surface. Finally, the
biocatalyst was added to the next reaction mixture.

Characterization

Nitrogen adsorption measurements were carried out at liquid nitrogen temperature on an
Beckman Coulter TM SA 3100TM (Coulter Corporation, USA) using a sample preparation
device Beckman Coulter TM SA-PREPTM (Coulter Corporation, USA). Samples were degassed
at 100 °C in vacuum. The total surface area was estimated by the Brunauer—Emmett—Teller
(BET) method, while the pore size distribution was determined by the Barrett—Joyner—Halenda
(BJH) method using desorption.



Bright-field scanning transmission electron microscopy (BF STEM) and high resolution
(HRTEM) images as well as energy dispersive spectroscopy (EDS) were acquired on Osiris at
200 kV. The samples were prepared by placing a drop of the material suspension on the carbon
coated TEM grid.

Magnetization measurements of the samples were carried out in a home-built vibrating sample
magnetometer (VSM) with accuracy better than £0.01 emu/g, which allows measuring bulk and
powder samples of 0.01-150 mg in temperature range 80-1000 K and magnetic field 0-2.5 T.

Thermal gravimetric analysis (TGA) was performed on TG IRIS209 F1 NETZSCH placing ~5-
10 mg of the powder in aluminum pans. The experiments were carried out upon heating to 600
°C at a rate of 10.0 °C/min.

X-ray photoelectron spectroscopy (XPS) data were obtained using MgK_ (h_=1253.6 V)
radiation with the ES-2403 spectrometer (Institute for Analytical Instrumentation of the RAS,
St.Petersburg, Russia) equipped with an energy analyzer PHOIBOS 100-MCDS5 (SPECS, Berlin,
Germany) and a X-ray source XR-50 (SPECS, Berlin, Germany). All the data were acquired at
the X-ray power of 250W. Survey spectra were recorded at an energy step of 0.5 eV with an
analyzer pass energy of 40 eV. Samples were allowed to outgas for 180 min before analysis and
were stable during the examination. The data analysis was performed by CasaXPS.
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Figure S1. Hysteresis curves of MNA (1) and MNA-CSP (2).
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Figure S2. XPS survey spectrum of MNA-CSP.

Table S1. BET surface areas, pore volumes, and pores sizes for MNA, MNA-CSP, and MNA-
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CSP-GOx.
Sample notation BET surface area, | BET pore volume, Mean pores size,
m?/g cm’/g nm
MNA 98 0.32 16
MNA-CSP 91 0.28 12
MNA-CSP-GOx 90 0.27 12
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Figure S3. Liquid nitrogen adsorption-desorption isotherms (a) and pore size distributions (b)
for MNA, MNA-CSP, and MNA-CSP-GOx.

Kinetic measurements

To determine kinetics, the initial reaction rates for both native and immobilized GOx, were
obtained at varied concentrations of D-glucose (2.2-22 mM) in the PBS buffer at pH 6.0 and 35

°C. The data obtained are presented in Figure S4.
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Figure S4. The dependence of the initial reaction rates on D-glucose concentrations.

For an enzymatic reaction, the dependence of the reaction rate (V) on the substrate concentration
([S]) was obtained from the Michaelis-Menten equation, whose parameters can be obtained from
the Lineweaver-Burk equation (S1):

Km 1 1
Vm ax [S] Vmax
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The Lineweaver-Burk graphs (the dependence of 1/V on 1/[S]) were obtained for native and
immobilized GOx as is shown in Figure S5. The straight line obtained crossing the Y axis gives
1/V max, while crossing the X axis provides -1/Km. The tilt angle is Km/Vmax,

where V is the initial reaction rate, Vmax is the maximum reaction rate, K is the Michaelis
constant, and [S] is the initial substrate concentration.

Based on these data, the maximum reaction rate (Vmax) and the Michaelis-Menten constant (Kin)
were computed using the Lineweaver-Burk analysis [6,7].



800 1/V,

500
200
0.4 0.2 60,0 0.2 0.4
GOx . MNA-CSP-GOx 1/C,

Figure S5. Lineweaver-Burk graphs of free GOx and MNC-CSP-GOx.

Table S2. Relative activity of MNA-CSP-GOx in recycling.

Cycle number 1 2 3 4 5 6 7 8 9 10

Relative activity, % | 100 | 98.0 [ 94.8 [ 93.5 | 91.1 | 88.0 | 87.4|84.6 |81.7]79.6
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