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Co-MOFsderivative for dual-mode detection of L-Cys based on
colorimetric analysis and smartphone

GAO Yi, LIU Yaopeng, CHU Tingting, ZHENG Yin", HUANG Wensheng
( School of Chemistry and Environmental Engineering, Hubei Minzu University, Enshi 445000, Hubei, China )

Abstract: A metal-cobalt organic framework-derived fibrous rod-like carbon material (Co-DM) with
peroxidase-like properties was synthesized via room-temperature synthesis-pyrolysis method. The Co-DM
obtained was characterized by SEM, TEM, XRD and XPS then for analyses on morphology, structure and
elemental composition, and active oxygen capture experiment was further conducted for investigation of its
catalytic mechanism. It was found that H,O, under the catalysis of Co-DM released superoxide anion
radicals (*O;) and hydroxyl radicals (*OH), thus oxidizing the colorless chromogenic substrate
3,3',5,5'-tetramethylbenzidine (TMB) to blue oxidation state product (oxTMB) with the largest adsorption
peak at 652 nm. Since L-cysteine (L-Cys), with antioxidant properties, could reduce oxTMB thus leading
the blue color product back to colorless, a colorimetric method for L-Cys detection was accordingly
established. Under the optimal conditions of pH=4.0, temperature of 40 °C, the concentration of L-Cys in
the range of 0.1~15.0 pmol/L showed a linear relationship with absorbance at 652 nm, and the limit of
detection (LOD) was 0.35 pmol/L. In addition, the quantitative relationship between the relative activity of
Co-DM and the color characteristic values was established by recording the characteristic values R (red), G
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(green), and B (blue) values of color change in the range of white (0, 0, 0) to black (255, 255, 255) for
solutions at different concentrations of L-Cys with the aid of a homemade smartphone optical device and
Color Garb software. The detection range was 0.1~70.0 pmol/L and the LOD was 0.27 pumol/L. This
method was also successfully applied in the detection of L-Cys in clinical human serum, with recovery rate

between 94.0%~101.5%.

Key words. colorimetric assay; point-of-care testing; peroxidase-like enzyme; L-cysteine; functional
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Fig. 1 Schematic diagram of preparation of Co-DM (a) and detection mechanism of L-Cys (b)
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Fig. 7 Change curves of TMB concentration (0.015~0.22

mmol/L) for H,O, concentration (cy) of 10 mmol/L
(a); Lineweaver-Burk double inverse plot of Fig. a
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mmol/L) for TMB concentration of 10 mmol/L (c);
Lineweaver-Burk double inverse plot of Fig. ¢ (d)

#1 Co-DM N ASRIFEALL L E AL Y A1 KL% TMB B H,0,
By zh 12550

Table 1 Kinetic parameters of TMB or H,0, by Co-DM
and different simulated peroxidase materials
Ko/ Vinax/
AL (mmol/L) (<10 mol's/L) 33 gk
TMB H,0, TMB H,0,

C-confined CoO,NPs” 0.710 54.65 36.80 21.70  [33]
CoNCN” 0.530 — 32.40 — [34]
Co30; GNs” 0.120 245.00 3320  28.50 [35]
Fe;O4 4 KA T 0.098 154.00 3.44 9.78 [36]
HRP” 0434 370 1000  8.71 [36]
Co-DM 0.012 0.042  0.77 1.08 £
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2.2.5 L-Cys #9240

Fi2 IR 1.3.5 55280 7%, X L-Cys #E47 7 B
9 ATIARHEE L-Cys (0.1~15.0 pmol/L ) & %
(R 28 - 1] LIRS |

M 9 al s, B L-Cys MRS AN, 1K R7E
652 nm ARG RE R FEAR, ZAERIROEREE S L-Cys
WE R MEEXR, LERIBATRERY 4=
0.043¢+0.015 ( R*=0.998 ), K354 0.1~15.0 pmol/L,
LOD 4 0.35 umol/L,

0.7
0.6 -

0.1 pmol/L

15.0 pmol/L

. 0.5
=

%50 600 65I0 760 750
B /am
B9 MMAARRWE L-Cys ik R UV-Vis WO

Fig. 9 UV-Vis absorption spectra of the systems after
adding L-Cys with different concentrations
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