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Synthesis of Fe;O4 Nanoparticles (Iron oxide nanoparticles coated with chitosan and
poly(ethylene glycol) (PEG) copolymer modified with catechol, IOCCP):

Polymer (chitosan and poly(ethylene glycol) (PEG) copolymer modified with catechol, CCP)
Synthesis!:

1.3 mmol of chitosan oligosaccharide (2300 MW) was dissolved in 40 mL of DI water. Then, 8 mL of
methanol was added dropwise. The pH of the solution was adjusted to 6.5 by hydrochloric acid. Next,
aldehyde-activated methoxy PEG (13 mmol) and 3,4-dihydroxybenzaldehyde (5.2 mmol, DHBA)
dissolved in 16 mL of DI water, were added dropwise to the chitosan solution and the mixture was

allowed to react for 1 h.

1.0 M sodium cyanoborohydride (185 pL, diluted to 12 mL in DI water) was added dropwise to the
solution and reacted for an additional 18 h. The resulting catechol-functionalized chitosan-PEG (CCP)
was precipitated with acetone, collected with a Buchner funnel, washed three times with acetone to
remove unreacted PEG, dried by vacuum, redispersed in DI water, and further purified using
tangential flow filtration (TFF, Millipore, Billerica, MA) with a 5 k MW cutoff cassette. Finally, the

purified polymers were freeze-dried and stored at —20 °C.
Synthesis of Fe;O4 nanoparticles coated with CCP (1I0CCP):

Iron oxide nanoparticles coated with CCP were synthesized through sonochemical coprecipitation of
iron chlorides in aqueous solution. Briefly, 25 mg of pure CCP was mixed with iron chlorides (9 mg
Fe(Il), 18 mg Fe(Ill)) in 2.18 mL of degassed DI water. A 14.5 M solution of ammonium hydroxide
was titrated slowly at 40 °C with sonication (40 kHz, 110 W) provided by a Branson ultrasonic bath
(Danbury, CT) until a final pH of 10.5 was achieved to promote the nucleation of superparamagnetic
iron oxide nanoparticles (SPIONs). The sonication was then continued until the pH reached 8.5-9.5
due to the evaporation of ammonia from the solution. For a typical synthesis, titration and sonication
occurs concurrently for ~30 min with sonication continuing for ~10 min post-titration. The total
sonication time is held constant at 40 min. Subsequently, 50 mg of additional CCP was added and the

SPIONs were incubated overnight at 4 °C.

To purify the synthesized iron oxide nanoparticles coated with CCP (IOCCPs), the mixture was first
subjected to centrifugation at 3500 rcf for 10 min, and the supernatant was further purified using size
exclusion chromatography with S-200 resin (GE Healthcare, Piscataway, NJ) into 20 mM HEPES
buffer, pH 7.4.

Catalase-like Activity of FeN/GQDs:

The catalase (CAT)-like activity was evaluated based on the fluorescent method. H,O, can decompose
into *OH, which interacts with terephthalic acid (TA), resulting in the formation of fluorescent 2-
hydroxyterephthalic acid with an excitation wavelength at 320 nm and emits light at a peak of 425 nm.

PBS buffer (100 mM, pH 7.4) containing H,O, (10 mM) was vortexed with varying concentrations of



FeN/GQDs. Subsequently, TA solution (30 pL, 62.5 mM) was added at 25°C. The fluorescence of the

resulting mixture was then measured after an incubation period of 6 hours.
Superoxide Dismutase-like Activity of FeN/GQDs:

The superoxide dismutase (SOD)-like activity was investigated via a fluorescent method. The
reduction in O2- was assessed by quantifying the fluorescence intensity of ethidium, a product
generated from the oxidation of Dihydroethidium (HE) by O2-. In a standard procedure, 0.6mM
xanthine underwent a reaction in the presence of 0.05U/mL xanthine oxidase within a 100 mM pH 7.4
PBS buffer solution at 37°C for 30 minutes. A specific quantity of FeN/GQDs and 0.2 mg/mL HE
was introduced. The solution was then transferred for fluorescence measurement after an incubation

period of 40 minutes.
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Figure S1. DLS data of FeN/GQDs. a) Hydrodynamic diameter shows an average size of 15.6 nm (b)
Zeta potential shows a 39.4 mV which is a stable value for colloidal system.
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Figure S2. AFM images of FeN/GQDs. a) Phase plot shows the diameter distribution of FeN/GQDs,
b) 3D height plot shows a ~0.8 nm height and the number of graphene layers of FeN/GQDs.



Figure S3. Additional EDS mapping of FeN/GQDs.: the morphology and full element mapping (Red
as Carbon, Green as Nitrogen, Purple as Iron).
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Figure S4. UV-vis spectra of FeN/GQDs. The peak at 370 nm corresponds to the I1-IT* transition of
the sp2 domain of graphene. Additionally, two distinct absorption peaks are observed in the near-
infrared (NIR) region, with wavelengths of 680 nm in the NIR-I window and 850 nm in the NIR-II
window.
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Figure S5. Fluorescence spectra of FeN/GQDs. FeN/GQDs has the only maximum emission peak
located at 750 nm when excited at 600 nm, with a stokes shift is of 150 nm.
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Figure S6. Additional XPS data of FeN/GQDs. a). XPS full survey spectrum of FeN/GQDs; b). XPS
Cls spectrum of FeN/GQDs. Three main peaks at 285 eV, 287 eV, and 289 eV, which were assigned

to sp? C, O-C=0, and C=N, respectively.
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Figure S7. The absorbance at 652nm as a function of time upon addition of H,O, to the

FeN/GQDs/TMB solution. The concentration of each component in the solution: FeN/GQDs:
10pg/mL; TMB: 0.3mM; H,0,: 10 uM; NaAc-Hac buffer: 1 mL of 0.1M, pH 3.7. Inset: from 0-10
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Figure S8. The influence of reaction conditions on the peroxidase-like activity of FeN/GQDs.
Relative POD-like reaction activity of FeN/GQDs as a function of (a) pH (2—10 and (b) Temperature
(17-60°C). The UV-vis absorbance of FeN/GQDs at 652 nm as a function of (¢) H,O, dosage and (d)

TMB dosage.
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Figure S9. The steady state kinetic analysis for FeN/GQDs under various conditions. Y axis as molar
concentration to a certain time (6 mins), represents the change in substrate concentration (H,O,/TMB)
per unit time, that is, the reaction rate. X-axis indicates the molar concentration of substrates. In here,
the plots will reveal the relationship between the substrate concentration (being catalyzed) to the
reaction rate, and further get the kinetic constant of the nanozymes (a) [TMB] = 0.4 mM; [H,0,]=5-
100uM, (c) [H,O,]=10uM; [TMB] = 0.05-1.2 mM; (b) and (d) are the Lineweaver-Burk double
reciprocal plots corresponding to conditions (a) and (c). The reaction was carried out with 10 pg/mL
catalyst of 0.1 M Hac-NaAc buffer, pH=3.6, and temperature=37 °C.
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Figure S10. POD-like activity of FeN/GQDs assessed using UV-vis spectroscopy based on different
substrates (OPD, ABTS). The UV-vis absorbance of FeN/GQDs solution with OPD and ABTS as



substrates. The concentration of each component in the solution: FeN/GQDs: 10 pg/mL; OPD/ABTS:
0.3mM; H,0,: 10uM; NaAc-Hac buffer: 1 mL of0.1M, pH 3.7. Inset: images for color change with
ABTS and OPD
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Figure S11. The oxidase — like (OXD-like) activity of FeN/GQDs assessed by measuring the
absorbance at 652 nm as a function of time. The concentration of each component in the FeN/GQDs
solution: FeN/GQDs: 10ug/mL; TMB: 0.3 mM; NaAc-Hac buffer: 1 mL of 0.1M, pH 3.7.
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Figure S12. The catalase-like (CAT-like) activity of FeN/GQDs assessed by measuring the
fluorescence at 425nm. The concentration of each component: FeN/GQDs: 10ug/mL, TA:0.625mM,
H202: 10mM, PBS buffer: 0.1M of ImL, pH7.4.



600t — FeN/GQDs
— Blank

500¢

> 400}

Intensity/
w
o
o

200t

100¢

500 550 600 650 700 750
Wavelenght/nm
Figure S13. The Superoxide dismutase-like (SOD-like) activity of FeN/GQDs assessed by measuring
the fluorescence at 625nm. The concentration of each component: xanthine: 0.6mM, xanthine oxidase:
0.5 U/mL, HE: 0.2 mg/mL, FeN/GQDs: 10ug, PBS buffer: ImL of 0.1M, pH7.4.

Table S1. EXAFS data fitting results of FeN/GQDs. (S0 2 = 0.75)
Sample Path CN R(A) 62(10-3A2) AE 0 (eV) falc{t_or

FeN/GQDs Fe-N 4.6 2.04 6.6 2.3 0.01

Table S2. Comparison of the Kinetic parameters (V.. and K, values) of FeN/GQDs with other

nanozymes.
Materials Substrate Kn(mM) Vimax(M1S1)
FeN/GQDs TMB 0.52 6.37*10¢
H,0, 0.49 8.32*10¢
Fe;04? TMB 31.2 1.614*10¢
H,0, 2.995 0.9193*10¢
FeSSN3 TMB 0.53 2.04*107
H,0, 0.36 1.32*107
Fe-N-C* TMB 3.6 3.56*107
H,0, 12.2 8.60*108
Fe304@Cu/GMP- TMB 15.37 9.06*108

Gox®



g-C3N4/PdNPS/
Fe3O4NP56

Fe-Sazyme’

F€3O48

HRP®

H,0,
TMB

H,0,
TMB
H,0,
TMB
H,0,
TMB
H,0,

6.35
1.05

7.71
0.3
0.21
530
8.8
0.434
3.7

3.85*10%
9.58*10¢

1.26*10-°
18.35*%10-%
9.94*10%
3.44*10%
9.78*108
1.00*107
8.71*108

Table S3. Comparison of glucose detection performance of different nanozymes: detection

range, detection limits, and detection time.

Nanozvmes Detection Functionalized Substrat Detection Detection Assa

y Method molecules e Range Limits Y
Time

Au NPs/Ag NPs’ CM? / 0 5-70 uM 3uM nﬁ?n
Au@BSA NPs0 M / TMB 12300 M 0.6 um n31?n
Au@PNIPAm! CM / TMB 10-70 mM 5.07 mM nzl?n
Cu-Pt bimetallic fabrics!'? CM / TMB 1-12.5 mM 0.84mM 5 min
GO/AuNPs!? CM / TMB 2-30 uM 0.473 uM rr61?n
PINZs'* M / TMB  10-1000pM 3.9 M nllfn
Fe-MOF-Gox!3 CM / TMB 1-500 uM 0.487 uM n3l?n
Fe;04 NPs'® CM / TMB 0.05-4 mM n11?n

Au (BiSA@Au)"7 CM / TMB  80-1000uM 432 M n31?n

¢-CsN,@CuMOFs!* FMP / TA 0.1-22uM 0059 M >V

min
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Ag@AuNPs-GO" SERS® 4-MPBA / 2-6 mM 0.33 mM min
Bimetallic film 2c())ver SERS 4-MPBA/Os- / 0.1-10 mM 0.1 mM 6Q
nanospheres BA min
AgNP/PATP-PMBA?! SERS PMBA/Os-BA / 0.5-10 mM 0.03 mM 111181?1
2
GOD/AuNPi/GO/GFME Cve / / 10-15 uM 1.2 uM /
Gox-PABA-gFETs?* Ccv / / 10-1000 uM 4.1 uM /
rGO/Cu—Cu,0* Ccv / / 0.01-7 uM 0.06 uM /
FeN/GQDs* CM TMB 1-100pM 0.78uM 6 min

a: Colorimetric

b: Fluorometric

c: Surface-enhanced Raman Spectra

d: Cyclic Voltammetry
*: This work.
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