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1. Apparatus

The UV-vis absorption spectra were obtained by means of Perkin–Elmer, spectrometer (Lambda 

XLS+, USA). The morphological characterization was carried out on a field-emission scanning 

electron microscope (Hitachi FE-SEM SU8000, Japan) and atomic force microscope (Bruker AFM 

Dimension Icon, USA). The crystal structures were identified by Powder X-ray diffraction (XRD) 

patterns, which were collected using an X’Pert X-ray diffraction spectrometer (Philips, USA) using 

a CuKα X-ray source. Fourier transform infrared spectroscopy (FTIR) was performed on a Nicolet 

6700 instrument (ThermoFisher, USA). The zeta potentials of nanochannels were measured on a 

Zetasizer Nano ZS90 analyzer (Malvern, USA). The CHI660D electrochemical workstation (CH 

Instrument Co. Shanghai) was used for all electrochemical tests with two Ag/AgCl electrodes as the 

anode and cathode. 

https://sp0.baidu.com/9q9JcDHa2gU2pMbgoY3K/adrc.php?t=06KL00c00f7nAw_0My4-0Df4UfA7lgdI00000a0lfdC00000vq95ng.THLjsQMlz51DoQxFz_avSehoze30UWYdPW0vnj0Yr7tYgLKM0ZnquANWPWbknhmsnj0kuWNBP6Kd5RnYnYfkrDP7fHw7nWf1f1-jrRD4nRfsfWKaP1DzfHDL0ADqI1YhUyPGujY1nW64PWRvP101FMKzUvwGujYkP6K-5y9YIZK1rBtEILILQMwCugFVUvuGTv9-TB4WUvYEmv3EXh6EpAqVui4CIAd_5vPGujdWUBd-mMCVTvNVQyFbXBdMuy4-QgwGIAk-Qy7aTh78uadsmzdCTaYsn1DdnHb0mLFW5Hfvn1bv&tpl=tpl_11534_19968_16032&l=1514355232&attach=location%3D%26linkName%3D%25E6%25A0%2587%25E5%2587%2586%25E5%25A4%25B4%25E9%2583%25A8-%25E6%25A0%2587%25E9%25A2%2598-%25E4%25B8%25BB%25E6%25A0%2587%25E9%25A2%2598%26linkText%3D%25E8%25B5%259B%25E9%25BB%2598%25E9%25A3%259E%25E4%25B8%2596%25E5%25B0%2594%25E7%25A7%2591%25E6%258A%2580ThermoFisher%2520Scientific%2520-%26xp%3Did(%2522m3289656703_canvas%2522)%252FDIV%255B1%255D%252FDIV%255B1%255D%252FDIV%255B1%255D%252FDIV%255B1%255D%252FDIV%255B1%255D%252FH2%255B1%255D%252FA%255B1%255D%26linkType%3D%26checksum%3D9&ie=utf-8&f=8&ch=14&tn=56060048_4_pg&wd=%E7%BE%8E%E5%9B%BD%E8%B5%9B%E9%BB%98%E9%A3%9E%E4%B8%96%E5%B0%94%E5%85%AC%E5%8F%B8&oq=%E7%BE%8E%E5%9B%BD%E8%B5%9B%E9%BB%98%E9%A3%9E%E4%B8%96%E5%B0%94%E5%85%AC%E5%8F%B8&rqlang=cn&ssl_s=1&ssl_c=ssl1_16d33d830d8&h_search_ext=%7B%22count%22%3A3%2C%22list%22%3A%5B%7B%22txt%22%3A%22%5Cu8c37%5Cu6b4c%5Cu540c%5Cu610f%5Cu652f%5Cu4ed8%5Cu7f5a%5Cu6b3e%22%2C%22cid%22%3A%2246606222%22%2C%22sellv%22%3Anull%2C%22sell%22%3Afalse%7D%2C%7B%22txt%22%3A%22%5Cu82f9%5Cu679c%5Cu5e02%5Cu503c%5Cu7834%5Cu4e07%5Cu4ebf%22%2C%22cid%22%3A%2246594522%22%2C%22sellv%22%3Anull%2C%22sell%22%3Afalse%7D%2C%7B%22txt%22%3A%22%5Cu6797%5Cu5fd7%5Cu73b2%20%5Cu4e2d%5Cu79cb%5Cu665a%5Cu4f1a%22%2C%22cid%22%3A%2228673341%22%2C%22sellv%22%3Anull%2C%22sell%22%3Afalse%7D%2C%7B%22txt%22%3A%22%5Cu6b27%5Cu6d32%5Cu592e%5Cu884c%5Cu5ba3%5Cu5e03%5Cu964d%5Cu606f%22%2C%22cid%22%3A%2228673347%22%2C%22sellv%22%3Anull%2C%22sell%22%3Afalse%7D%2C%7B%22txt%22%3A%22%5Cu6885%5Cu897f%5Cu56de%5Cu5e94C%5Cu7f57%5Cu7ea6%5Cu996d%22%2C%22cid%22%3A%2228673343%22%2C%22sellv%22%3Anull%2C%22sell%22%3Afalse%7D%2C%7B%22txt%22%3A%22%5Cu6
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2. Figures
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Figure S1. UV-vis absorption spectra of (a) 10 mM Tris-HCl buffer (pH 7.4) and (b) 10 mM 

sodium citrate buffer (pH 7.4) solution after TiO2M-BSA samples were incubated in each 

solution for 4 h. 

Compared to the absorption spectrum of Tris-HCl buffer (Figure S1a), an obvious absorption 

peak of BSA appeared after the incubation of TiO2M-BSA in sodium citrate buffer (Figure 

S1b), suggesting the adsorbed BSA molecules were displaced by the citrate in the buffer. This 

result indicated the BSA molecules were anchored on the TiO2 surface by the bidentate 

interaction between carboxyl groups on BSA and hydroxyl groups on amorphous TiO2.
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Figure S2. I-V curves at different KCl concentrations. Scan rate: 50 mV/s.
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Figure S3. (a) UV-Vis spectra of the optimized BSA adsorption. (b) FTIR before and after 

modification of BSA. 

For FTIR spectra, the amide I and amide II bands are indicative of a predominant structural 

contribution from α-helices structure of the protein. Methanol produces three major effects on 

protein structure: i) destruction of rigid native structure, ii) induction of α-helical structure, and iii) 

dissolution of peptide or its aggregates. More α-helix of BSA thus can be exposed in a methanol 

contained solvent. It can be noticed in Figure S3b that IR peaks for the amide I (ca. 1650 cm-1) and 

amide II (ca. 1555 cm-1) presented a higher intensity for the sample that was prepared in 

methanol-water solvent than the sample prepared in the pure water.
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Figure S4. The influence of Cu2+ adsorption time on the I-V properties TiO2M-BSA.

The optimized adsorption time to form TiO2M-BSA-Cu2+ was 4 h.
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Figure S5. Zeta potentials of TiO2M, TiO2M-BSA, TiO2M-BSA-Cu2+, and TiO2M-BSA-CuS.

a b

c d



S-8

-9 -8 -7 -6 -5
0.00

0.25

0.50

0.75

1.00

I/I
0

lg C

I/I
0
 = -0.2233 lg C - 1.09501

R2 = 0.986

Figure S6. Calibration plot of I/I0 at + 1.0 V versus the logarithm of the S2- concentration.

The detection limit was estimated to be 1.0 nM by a 3 SD/L method (where SD is the standard 

deviation of the blank and L is the slope of the calibration curve).



S-9

-1.0 -0.5 0.0 0.5 1.0
-8

-4

0

4

8

C
ur

re
nt

(
A

)

Voltage (V)

 TiO
2
M-BSA-Cu2+

 pH 4   pH 9
 pH 5   pH 10
 pH 6   pH 11
 pH 7   pH 12
 pH 8

Figure S7. I-V curves of TiO2-BSA-Cu2+ before and after react with S2- in the Tris-HCl buffer with 

different pH values.
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Element Weight % Atomic %

C K 6.68 13.39

O K 39.65 59.61

S K 0.84 0.63

Ti K 51.48 25.86

Cu K 1.35 0.51

Table S1. The EDS analysis of TiO2M-BSA-CuS.
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Figure S8. I-V profiles before and after the reaction of various anions. 
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Figure S9. I-V profiles before and after the reaction of various inorganic sulfur species and 

biothiols.
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Figure S10. The influence of TiO2M incubation time on cytosensory current (S2- was released from 

56 MCF-7 cells). 
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Figure S11. (a) Calibration curves of the absorbance at 670 nm versus concentration of Na2S (Inset: 

UV-vis spectra of different concentrations of Na2S). (b) UV-vis absorption spectra of the MB 

generated by H2S from 7.1×105 cells. 

The detection limit of the MB method is estimated to be 0.81 μM by a 3 SD/L method.
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