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Supplementary material
1.1 Materials

All chemicals including gold (lIl) chloride trihydrate (HAuCl, 3H,0, 299.9%), sodium
citrate (C¢Hs0,Na3, 98%), NaCl (Sodium chloride, 99.5%), KOH ( Potassium hydroxide,
99.99%), CaCl, (Calcium chloride anhydrous, 96%), MgCl, ( Magnesium chloride, 99%),
L-Tryptophan (Ci;H1,N,0,, 99%), L-Cysteine (C3H;NO,S, 98%), L-Proline(CsHgNO,,
99%), L-Leucine(CgH13NO,, 99%), L-Tyrosine(CgHq11NO3, 99%), D-Leucine(CgH13NO,,
99%), aminoethylpiperazine (AEP), propane cyclic lactone (1,3-PS), D-
Proline(CsHgNO,,99%), DL-homocysteine(CgH1gN,04S;,, 95%), D-Tyrosine (CgH;1NOs,
98%), D-Cysteine(C3H7NO,S, 98%), Ethanol anhydrous (99.5%), acetone, acetonitrile,
Glutathione(CyoH17N306S, 99%), D-Tryptophan (C11H12N,0,, 98%), 3-
Hydroxytyraminehydrochloride (CgH11NO,-HCl, 98%) were purchased from Aladdin
Chemical Reagent Co. Ltd. (Shanghai, China). All other reagents were at least analytical
reagent grade and performed without further purification. Ultrapure water (resistivity
up to 18.2 MQ) was used throughout the experiment.
1.2 Apparatus

Spectrum behaviors study. Optical behaviors and sensing tests based on Cu-APM
biosensor were confirmed using an ultraviolet visible spectrometer (UV-2600i,
Shimadzu), SERS spectroscopy (ATR8300AF, Aoputiancheng, China), and Fourier
transform infrared spectroscopy (FTIR, Nicolet iS50 FTIR spectrometer, USA). SERS
measurements were performed with an ATR8300AF autofocus micro-Raman

spectrometer with an integration time of 6000 ms, laser power of 50 mW, excitation

S2



wavelength of 785 nm and 20x objective. These tests were repeated for three times
with each sample.

Morphology characterizations. The morphology of the Cu-APM biosensor was
characterized by transmission electron microscopes (TEM, Tecnai-G2-F20 (FEI, USA)),
scanning electron microscope (SEM, Hitachi-4800 (Japan)). The composition of the
obtained NPs is directly analyzed by high-angle annular dark field scanning
transmission electron microscopy (STEM) imaging.

Surface property. The zeta potentials of the as-prepared nanoparticles were
evaluated by using dynamic light scattering (DLS) analyzer (Malvern Nano ZS90, UK),
and the average value was tested with three times. X-ray photoelectron spectroscopy
(VG, America) was performed to study the elemental composition, elemental state

and structure of the as prepared metal-assisted core-shell plasma nanoparticle.
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Supplementary results

effect
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Figure S1. (a) DA and AEPPS reaction concentration ration(n=3) (b) DA and AEPPS reaction
concentration volume ration(n=3) (c) DA and AEPPS volume(n=3) (d) DA and AEPPS reaction time
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Figure S2. (a) SEM images of the Au NPs (b) TEM images of the Au NPs, (c) The size of Au NPs.
(d)HRTEM images of the Au@DA-AEPPS NPs. (e) The SAED of Au@DA-AEPPS NPs. (f) The size of
Au@DA-AEPPS NPs by the DLS studies. (g) HRTEM images of the Cu-APM. (h) The SAED of Cu-APM.
(f) The size of Cu-APM by the DLS studies.
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Table S1. The elements analyzed by XPS and EDS.

Element
Cu Au C N 0]
Amount
XPS 6.28% 9.17% 50.29% 13.92% 20.34%
EDS 6.13% 8.34%  49.56% 15.78%  20.19%
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Figure S3. Zeta potentials of Au NPs, Au@DA-AEPPS NPs, Cu-APM(n=3).
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Figure S4. (a) Raman spectral behaviors of the L/D-Cys with Au@DA-AEPPS NPs. (b) Comparison of
Raman intensity of L/D-Cys with Au@DA-AEPPS NPs.
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Figure S5. Comparison of Raman intensity of L/D-Cys with Cu-APM.
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Figure S6. The CV responses of bare Cu-APM, Cu-APM+D-Cys, Cu-APM+D-Cys in electrolyte.
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Figure S7. (a) Au@DA-AEPPS volume(n=3) (b) Cu?* concentration(n=3) (c) Cu?* volume (d) Cys

volume(n=3) (e) reaction temperature(n=3) (f) reaction time, (g) pH, effect on Raman spectral

signal(n=3).
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Figure S8. The SERS response of 479-cmto 10 uM of Cu?*and 1 mM others (n=3).
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Figure S9. (a) SERS spectra of the system at different concentrations of D-Cys (103-10° M). (b)

Calibration plots based on the Raman intensity of 479 cm™ with Cp.cys(n=3).
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Table S2. The performance of cysteine chiral enantiomers detected by biosensors with or

without Cu?* was compared.

Materials Line Range LOD
(L-Cys/D-Cys) (L-Cys/D-Cys)
Au@DA-AEPPS 101-107M/- 78.4 nM/-
103-10° M
Cu-APM 0.77 pM/0.82 pM
! 103-10° M pM/0.82 p
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Figure $10. The SERS response of 479cmto 10 uM of D-Cys and 1 mM others(n=3).
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Figure S11. The SERS response of 479cm-1 to 10 uM of D-Cys and 1 mM others(n
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Figure S12. (a) SERS response of 479 cm to 1mM of D-Cys with ten times. (b) C-normal
probability plot for 10 different D-Cys.
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Table S3. The performance of the Cu-APM biosensor for cysteine chiral enantiomer detection was
compared with other detection methods.

Line Range LOD
Materials Method Reference
(L-Cys/D-Cys) (L-Cys/D-Cys)
Asn-CDs+Co?* Fluorescent 1.82-625 uM /— 0.61 uM/— 1
0.50-100 mM
GSH-AUNCs Fluorescent 0.36 uM/0.36 uM 2
0.50-100 uM
20.0-100 pM 12.5uM /12.5
Ag@mSiO, cD 3
20.0-100 uM um
0.01-5.00 pM
Fe;0,@PDA/Cu,0 ECL 83 pM/— 4
0.01-500 uM
Ag-Au-ME ECL 0.01-1.8uM/— 8.7 nM/— 5
10 nM-100 uM
RH/LH-S3/Ag SERS — 6
10 nM-100 pM
1 nM-1 mM
Cu-APM SERS 0.77 pM/0.82 pM This Work
1 nM-1 mM
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Table S4. Determination results of D-Cys in food samples (n = 3).

Proposed Method HPLC Method
Added .
Sample (uM) Detected Recovery  RSD Detected Recovery  RSD P
(uM) % (%) (uM) %) (%)
0 1.87+0.22 — — 1.76+0.15 — —
Black
5.00 6.72+0.42 97 6.3 6.94+0.23 103.6 3.3
garlic
10.00  11.55¢0.13 96.8 11 11.3240.16 95.6 1.4
0 1.74+0.25 - - 1.66+0.19 - -
Vinegar 5.00 6.81+0.41 1014 6.0 6.23+0.27 91.4 43
10.00 12.38+0.33 106.4 2.7 11.8740.22 102.1 1.9
0.93
0 1.64+0.27 — — 1.75+0.21 - -
Beer 5.00 6.78+0.14 102.8 21 6.43+0.18 93.6 2.8
10.00  11.39+0.63 97.5 5.5 11.28+0.14 95.3 1.2
0 1.21+0.16 — - 1.15+0.26 - -
Chess 5.00 6.05+0.23 96.8 3.8 6.31+0.13 103.2 2.1
10.00  11.38%0.27 101.7 2.4 10.88+0.17 97.3 1.6

*The figured means of a t-test statistical analysis between two methods P>0.05, indicate no
significant difference.
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