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Abstract

In this study, we studied a facile method for the synthesis of stable and nearly spherical gold nanoparticles using a ty-
rosine-rich peptide, Tyr-Tyr-Gly-Tyr-Tyr (YYGYY), as both the reducing and capping agent. The peptide coated spherical
and polycrystalline gold nanoparticles with diameters from 3 to 15 nm were successfully synthesized by varying the concen-
tration of the peptide and metal precursor under UV irradiation. The nanoparticles were then characterized by transmission
electron microscopy (TEM), UV-Vis spectroscopy, scanning transmission electron microscopy-energy dispersive X-ray spectro-
scopy (STEM-EDS), Fourier transform infrared spectroscopy (FT-IR), and X-ray diffraction (XRD). Furthermore, the catalytic
activity of gold nanoparticles was confirmed by the reduction of 4-nitrophenol to 4-aminophenol, in which the catalytic re-
action rate constant was 7.3 x 107 s
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Table 1. Results of Gold Nanoparticles Synthesized from Various Compositions

Entry No. Peptide HAuCl, Shape Average size
1 2.5 mg/mL 0.5 mM Spherical 42 + 1.6 nm
2 2.5 mg/mL 2.5 mM Spherical 132 + 1.5 nm
3 2.5 mg/mL 5 mM Irregular morphology Polydisperse
4 5 mg/mL 0.5 mM Spherical 33 + 0.8 nm
5 5 mg/mL 2.5 mM Spherical 47 £ 1.6 nm
6 5 mg/mL 5 mM Spherical 145 £ 1.6 nm
The @o] SIEh1s) Aol ol elol=E B4 Lok ARSIk
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Jskalom, Agld2Kchloroauric acid, HAuCL), 4-YEZ535(4-ni-
trophenol) 12]1L AF R 2 3}0] =2}o] Z(sodium borohydride, NaBH,)
+ Sigma-Aldrich AFellA, pH 10 €% 8912 Samchun chemical At
A, FaAAEn 7 246 AR-E 18] Z(FC-200 mesh Cu)i= Ted
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23. 54 24

TAE T Uy 54 A4S flske] vlel e FabdxkEyA
(bio-transmission electron microscope, Bio-TEM, Hitachi, HT 7700),
Zpe] A Wl 7EAgA B3R 7](UV-Vis spectrophotometer, Nanodrop
2000c, Thermo Fisher Scientific), AAWAFE F3dxFa )7 (field
emission transmission electron microscope, FE-TEM, FEI company,
Titan G2 chemiSTEM Cs Probe), F2]oll W3+ 2 X 237 (fourier
transform infrared spectrometer, FT-IR, PerkinElmer, Frontier) %! X-A1
3|4 X7 ](X—Ray diffractometer, XRD, Panalytical, EMPYREAN)E
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Figure 1. Chemical structure of tyrosine-rich peptide (YYGYY) and
scheme for the one-step synthesis of gold nanoparticles using YYGYY
peptide as both the reducing and capping agent.

72

20 25 30

0 5 10
Diameter (nm)

Absorbance

400 500 600 700
Wavelenath (nm)

Figure 2. (a,c) TEM images, (b) size distribution, and (d) time-depen-
dent UV-Vis spectra of gold nanoparticles synthesized from 5 mg/ml
of peptide and 5 mM of HAuCly; under UV imradiation for 5 h.
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Figure 3-> $3¥ & thoydxke] 244& HolF1 9lrh HR-TEM
oju|AAtoll A W22 (111) Hell sld8h= 0.23 nm2| Z#}
S AA(lattice fringe)”t TEE A, A} 4 (selected area elec-
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Figure 3. (a, b) HR-TEM images, (c) SAED pattern, and (d) XRD
pattern of gold nanoparticles synthesized from 5 mg/ml of peptide and
5 mM of HAuCl; under UV imadiation for 5 h.

Figure 4. (a) Representative STEM image (HAADF) and (b-d) corre-
sponding elemental mapping image (Au, N, merging) of gold nano-
particle synthesized from 5 mg/ml of peptide and 5 mM of HAuCl,
under UV imadiation for 5 h.

el B2 Y 5 Wiz B9 d571E A8 flste]
FT-IRS AHE-8F3It) Figure 5014 Kol A", felol=g A1
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719] C-O stretching, C=C stretching, Amide I (C=O stretching vibration),
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2.5 mM (entry no.2)9} Hepo)= 5 mg/ml, HAuCly; 5 mM (entry no.6)
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Table 2. Comparison of the Catalytic Activities of Green-Synthesized AuNPs in the 4-NP Reduction Reaction

Entry No. Reducing agent Particle size (nm) 4-Nitrophenol (mM) Au cat. (equiv.) NaBH; (equiv.) Rate constant (s™)
1 Peptide YYLYY 145 + 1.6 0.33 0.1 33 73 x 107
2 Caffeic acid[19] 38.61 + 6.21 0.1 0.5 100 5.7 x 107
3 Catechin[20] 16.6 0.034 222 67 1.5 x 10°?
4 Maltose[21] 20.0 + 4.35 0.5 0.33 33 7.5 x 107
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Figure S. FT-IR spectra of pristine peptide (red) and gold nanoparticle
(black) synthesized from 5 mg/ml of peptide and 5 mM of HAuCl,
under UV imadiation for 5 h.
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Figure 6. TEM image of gold nanoparticles as a function of various
concentration of peptide and HAuCly: (a) peptide 2.5 mg/ml, HAuCl,
0.5 mM; (b) peptide 2.5 mg/ml, HAuCl4 2.5 mM; (c) peptide 2.5
mg/ml, HAuCl; 5 mM; (d) peptide 5 mg/ml HAuCl; 0.5 mM; (e)
peptide 5 mg/ml, HAuCl 2.5 mM; (f) peptide 5 mg/ml, HAuCl; 5 mM.

28 99 3 heslArt B BeolAh F ol w3
2= H]&9 242, FEF|= 2.5 mg/ml, HAuCl, 0.5 mM (entry no.1),
FHER]= 5 mg/ml, HAuCly 0.5 mM (entry no.4), EF|= 5 mg/ml,
HAuCl; 2.5 mM (entry no.5) S5=Z7AolxE Zk2zk 42 + 1.6, 33 +
08,47 £ 1.6 nm?| 2 FHUEE 2he 5 WAt G430
g, A ow A2 ko] Jete| =5 ARSE 244, FEte]= 25
mg/ml, HAuCl; 5 mM (entry no.3) s E=Z7oA = JEl| =7t &
wqle) B9l 3 Fol FRo] BAS AYs £jo] QA4S A}
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Figure 7. Catalytic reduction of 4-nitrophenol using gold nanoparticle
synthesized from 5 mg/ml of peptide and 5 mM of HAuCly; under UV
iiradiation for 5 h. (a) Reaction scheme of catalytic reduction of
4-nitrophenol to 4-aminophenol. (b,c) Time-dependent UV-Vis spectra
of reaction medium (b) in the absence of gold nanoparticles and (c)
in the presence of gold nanoparticle. (d) Plot of -In[A40nm(t)/As00nm(0)]
versus time for the catalytic reduction.
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