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Figure 1 Illustration of (a) the synthesis of MnCO; NPs and (b) GSH
detection based on the regulation of oxidase-like activity of MnCO; NPs
(color online).
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Figure 2 Morphological and elemental characterizations of MnCO;
NPs. (a, b) SEM images; (c—f) TEM and HR-TEM images;
(g) elemental mapping; (h) particle size distribution; (i) atomic ratio
of C, O, and Mn (color online).
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Figure 3 Structural characterizations of MnCO; NPs. (a) XRD
pattern; (b) XPS survey spectrum; (c) Mn 2p spectrum; (d) Mn 3s
spectrum; (e) O 1s spectrum; (f) C 1s spectrum (color online).
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Figure 4 Reaction conditions for the catalytic oxidation of TMB by
MnCO; NPs: (a) UV-Vis absorption spectra of different catalytic
substrates in the presence of MnCO; NPs (embedded figure shows the
photo of corresponding solutions); (b—d) effect of reaction conditions on
catalytic oxidation of TMB: (b) reaction time; (c) pH value; (d) TMB
concentration (color online).
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Figure 5 Steady-state kinetics of TMB oxidation catalyzed by
MnCO; NPs. (a) Michaelis-Menten curve; (b) Lineweaver-Burk curve
(color online).
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Figure 6 Catalytic mechanism of MnCO; NPs. (a) Influence of
dissolved oxygen content on catalytic efficiency; (b) results of EPR test.
(c—h) Effects of three kinds of inhibitors towards reactive oxide species
on catalytic oxidation of TMB by MnCOj; NPs: (¢, d) Thiourea; (e, f) p-
benzoquinone; (g, h) tryptophan (color online).
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Figure 7 Colorimetric detection of GSH based on the oxidase-like
activity of MnCO; NPs. (a, b) UV-Vis absorption spectra (inset is the
photograph of corresponding solutions) and linear calibration plot of the
present system for GSH detection; (c, d) color pick by smartphone and
linear calibration plots based on the relationship between R, G, B values
and GSH concentration (color online).
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Z(E7d), 22N PRNTERE, 2 580.5~14 uM
(R*=0.9923). 0.5~10 upM (R*=0.9953)F10.5~10 uM
(R*=0.9815). e, FI| I RAE X GSHMK FE 400 & i L AF i
LR R, R &, HATIYE B 5 5. AT
HEVE, RGBIEAS T EAd Ml RS I 5 26 DA S B 4 1)
BEAE, AT H T GSHPLIE - & Al

RV IZ T 1 R IR B DL T N L3S H GSHAS:
MWEPTTHERE ), ATHEEE 7 — Lo DL NG A B
AR AERCEMER . AR, BE
IR, HMER. KREAER. A28K. HER. #a
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Figure 8 Selectivity and interference study of the present method for
the detection of GSH (color online).

£ 1 AMEHGSHIFIE 45 B (n=3)

Table 1 Detection of GSH in human serum (n=3)

MHERER IbREEM)  WAEEM) BUEE%) RSD (%)
3.0 3.4 112.4 3.5

R 5.0 5.3 105.1 2.1
8.0 8.6 107.4 2.6
3.0 33 114.1 22

FE 2 5.0 5.5 114.7 3.4
8.0 8.5 108.1 2.6

HE— 5 R T X MnCO; NPsfE1L AL TMB [ b i 72 1)
O AL T — R E A I GSH S B 13 7, FER)
FF NI s GSHIM . £ Bh S fig FAHLVE ARG 28,
AR T — R E 7V T GSHIF 8
. 455 MnCO, 4K A A B A0 R A e R B ()
RFA, XA RE ARSI kA i — D BRI
RO, S NATTH e R M ) B 297 8 i b [X 973 s 76
YIRS I S B AL TV AR AR S 4%
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Colorimetric detection of glutathione through tuning the oxidase-like
activity of MnCQO; nanoparticles
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Abstract: Nano-oxidases are a kind of nanomaterials with catalytic properties similar to natural oxidases. Regulating
the catalytic activity of oxidase-like mimics is of great significance in biosensing as well as clinical diagnosis and
treatment. In this article, MnCO; nanoparticles (NPs) with oxidase-like activity were prepared by one-pot hydrothermal
method, and were able to catalyze the production of reactive oxygen species from dissolved oxygen and transform
colorless substrate 3,3',5,5'-tetramethylbenzidine (TMB) into blue oxTMB with a characteristic absorption peak at
652 nm. Further studies showed that the catalytic oxidation of TMB by MnCO; NPs could be inhibited by the addition
of glutathione (GSH), and thus the production of oxTMB as well as the absorbance at 652 nm decreased, which showed
a linear relationship with the concentration of GSH in a certain range. Based on this mechanism, a new colorimetric
method for GSH detection based on regulating the oxidase-like activity of MnCO; NPs was established and successfully
applied to the determination of GSH in serum. With the assistance of smartphone, a portable analysis method for GSH
detection was also developed with the application potential for point-of-care testing and disease diagnosis.

Keywords: manganese carbonate, nanozymes, glutathione, smartphone-based assay, colorimetric detection
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