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Experimental Section

Determination of luminescence QY. The luminescence QYs of LYZ-stabilized
Aug and Au,s clusters were determined using quinine sulfate (QY = 0.54 in 0.1 M
H,S0,) and BSA-stabilized AuNCs (QY = 0.06) as reference standards. Absorbance
was adjusted to 0.01-0.05 (intervals of 0.01), and QYs were calculated according

to the following equation:

Herein, Q is the quantum yield of the sample, Qr is the quantum yield of the
reference, m and mg are the slopes of the integrated fluorescence intensity versus
absorbance plots for the sample and reference, respectively, and n and np are the

refractive indices of the solvents (with water at room temperature taken as 1.333).

S-2



pH 3.0,

5. 37°C,12h
8 r_ —
HAucCl, LYS-stabilized
Aug clusters
(B)
pH 11.0,
5. 37'Cy12h

+ o Ié_‘" '_ —

LYS-stabilized
Au,; clusters

Figure S1. Schematic illustration associated with the preparation of (A) Lys-
stabilized Aug clusters and (B) Lys-stabilized Au,s clusters. Both reactions were

conducted at 37 °C in the dark and purified by dialysis (MWCO 1000 Da).

S-3



(A) (B)

120000
——LYZ-Au25
20
B 100000 |
@ 5
§ 1.5F s 80000 |}
2 1.0 2 60000}
2" @
2 § 40000 |
< o5} £
20000
0.0} ol
250 300 350 400 450 500 550 600 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)
(C) (D)
600000 -
500000 |
= y=6000000x+114020  __.m
400000 R?=0.9904 T
£ 300000} -
© 200000}
£
y=521056x+6813.4
100000 } o
0 e -
001 0.02 0.03 0.04 005 0.6 0.07
Absorbance
(E)

40

SR

41/% =
6 24 32 40

Size (nm)
Figure S2. Optical and morphological characterization of LYZ-stabilized Aug
clusters. (A) UV-vis absorption spectra of native LYZ (red) and LYZ-stabilized Aug
clusters (black). (B) Photographs of LYZ-stabilized Aug clusters under daylight
(left) and UV illumination (right) and their emission spectrum. (C) Plot of
integrated emission intensity as a function of absorbance for the reference quinine
sulfate (black) and the LYZ-stabilized Aug clusters (red). The slopes of the linear
fits were used to calculate the QY. (D, E) TEM images and particle size distribution
of Aug clusters (1.4 + 0.5 nm, n = 100). The inset shows lattice fringes consistent

with the Au(111) plane.
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Figure S3. Optical and morphological characterization of LYZ-stabilized Au,s
clusters. (A) UV-vis absorption spectra of native LYZ (red) and LYZ-stabilized
Au,s clusters (black). (B) Photographs of LYZ-stabilized Au,s clusters under
daylight (left) and UV illumination (right) and their emission spectrum. (C) Plot of
integrated emission intensity as a function of absorbance for the reference BSA-
stabilized Au,s clusters (black) and the LYZ-stabilized Au,s clusters (red). The
slopes of the linear fits were used to calculate the QY. (D, E) TEM images and
particle size distribution of Au,s clusters (1.5 £ 0.4 nm, n = 100). The inset shows
lattice fringes consistent with the Au(111) plane.
S-5



(C) (D)
18 1.5
o 161 :
2 14] \ @
- T
£ 12] 8 40
© N o 1.
Q. 10- 5
‘S I}
2 8 Qa
S 6 NR < o5
a b6 3 5
E ] AR
=3 R 3
z , NN k
NARR
0 0.0 . .
1.5 2.0 2.5 3.0 3.5 4.0 4.5 50 55 400 500 600 700
Size (hm) Wavelength (nm)

Figure S4. TEM characterization and optical signature of LYZ-stabilized AuNPs
(~3.2 nm) clusters. (A, B) TEM images of AuNPs at different magnification. (C)
Particle size distribution (3.2 + 0.5 nm, n = 100) of LYZ-stabilized AuNPs (D) UV-

vis absorption spectrum of LYZ-stabilized AuNPs.

S-6



1.0
| ABDA Only

0.8} 10
20
30
40
50
60 min

0.6

0.4

Absorbance

0.2

0.0F
300 320 340 360 380 400 420 440

Wavelength (nm)

Figure S5. Time-dependent absorption spectra of ABDA-only solution under

violet LED (400-420 nm).
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Figure S6. UV-vis absorption spectra of lysozyme-stabilized (A) Aug and (B) Au,s
clusters. The main panel displays the full absorption profiles of both clusters,
while the inset shows an enlarged view of the low-wavelength region to highlight

the characteristic absorption features of Aug and Augs.
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Figure S7. Optical features of BSA- and ovalbumin-stabilized Aug clusters. (A) UV-
vis absorption spectra of native BSA (red) and BSA-stabilized Aug clusters (black).
(B) Photographs of BSA-stabilized Aug clusters under daylight (left) and UV
illumination (right) and their emission spectrum. (C) UV-vis absorption spectra of
native ovalbumin (red) and ovalbumin-stabilized Aug clusters (black). (D)
Photographs of ovalbumin-stabilized Aug clusters under daylight (left) and UV
illumination (right) and their emission spectrum. (E, F) Plot of the absorbance
versus integrated emission intensity for (E) BSA-stabilized Aug clusters (red) and
reference quinine sulfate (black) and (F) ovalbumin-stabilized Aug clusters and

reference quinine sulfate (black)
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Figure S8. Optical features of BSA- and ovalbumin-stabilized Au,s clusters. (A)
UV-vis absorption spectra of native BSA (red) and BSA-stabilized Au,s clusters
(black). (B) Photographs of BSA-stabilized Au,s clusters under daylight (left) and
UV illumination (right) and their emission spectrum. (C) UV-vis absorption
spectra of native ovalbumin (red) and ovalbumin-stabilized Au,s clusters (black).
(D) Photographs of ovalbumin-stabilized Au,s clusters under daylight (left) and
UV illumination (right) and their emission spectrum. (E) Plot of the absorbance
versus integrated emission intensity for reference BSA-stabilized Au,s clusters

(black) and ovalbumin-stabilized Au,s clusters (red).
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Figure S9. TEM images (left) and particle size distribution (right) of (A) BSA-
stabilized Aug clusters, (B) ovalbumin-stabilized Aug clusters, (C) BSA-stabilized
Au;s clusters, and (D) ovalbumin-stabilized Au,s clusters. (A-D) The inset shows

lattice fringes consistent with the Au(111) plane.
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Table S1. Properties and Literature of Aug clusters

Capping Ligands Excitation | Emission | XPS How Determined to be Aug Clusters Ref.
(nm) (nm) Au(0):Au(l)
Pepsin 330 480 Only Au(0) detected | MALDI-TOF MS; spherical Jellium model 1
Lysozyme Type VI 380 455 Only Au(0) detected | MALDI-TOF MS; spherical Jellium model 2
Dodecylamine & 360 436 Not available MALDI-TOF MS; optical spectroscopy 3
DMAET?
PAMAM Dendrimers 387 458 Not available Spherical Jellium model; literature comparison | *
(G40H)
PAMAM Dendrimers 390 460 Not available Spherical Jellium model; 5
(G4NH;)
DNase 1 395 460 Not available Literature comparison 6
Polyethylenimine 353 445 Only Au(0) detected | ESI Mass Spectrometry; similarity to PAMAM- 7
encapsulated Aug
Bovine Serum 370 450 Only Au(0) detected | Spherical Jellium model; literature comparison | &
Albumin
Human Hemoglobin 365 450 Do not specify an Literature comparison ?
exact numerical
ratio
Peptide 1 & 3-MPAP 360 455 95:5 MALDI-TOF MS ; spherical Jellium model 10
MPT63 proteins 385 445 81:19 MALDI-TOF MS; spherical Jellium model =
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Gly20Cys/Gly40Cys
Mutants¢

literature comparison

Lysozyme 370 454 Not detected Spherical Jellium model; optical spectroscopy; This work
literature comparison

Ovalbumin 370 415 Not detected Spherical Jellium model; optical spectroscopy; This work
literature comparison

Bovine serum albumin | 370 429 Not detected Spherical Jellium model; optical spectroscopy; This work

a2-(dimethylamino) ethanethiol; P3-mercaptopropionic acid; °A version of the protein where the glycine residues at position 20 and 40

have been replaced with cysteine.
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Table S2. Properties and Literature of Auys clusters

Capping Ligands Excitation | Emission | XPS How Determined to be Aug Clusters Ref.
(nm) (nm) Au(0):Au(l)
Pepsin 360 670 Only Au(0) detected | MALDI-TOF MS; spherical Jellium model 1
Lysozyme Type VI 380 635 Only Au(0) detected | MALDI-TOF MS; spherical Jellium model 2
glutathione (GSH) and | - - Only Au(0) detected | UV-vis and ESI-MS 12
3-mercaptopropionic
acid (MPA)
Bovine serum albumin | 370; 530 685 Au(0) only Spherical Jellium model; literature 8
(BSA) comparison MALDI-TOF MS; XPS
measurements
BSA 470 640 Au(0) and Au(I) MALDI-TOF MS; XPS measurements; 13
literature comparison
Native bovine 445 650 Only Au(0) detected | MALDI-TOF-MS; XPS measurements 14
lactoferrin
Captopril (Capt) 514 670 ESI-MS; MALDI-MS 15
DNase 1 460 640 Not available Literature comparison 6
Sodium 3- 488 670 Au(0) and Au(I) ESI-TOF-MS 16
(triphenylphosphonio

)propane-1-thiolate
bromide

GSH, N-acetyl-1-

Not detected

ESI MS; literature comparison

17
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cysteine (AcCys),
Capt), and 4-mercapto
benzoic acid

Lysozyme 370 680-700 | Not detected Optical spectroscopy; literature comparison | This work
Ovalbumin 370 680-700 | Not detected Optical spectroscopy; literature comparison | This work
BSA 370 680-700 | Not detected Optical spectroscopy; literature comparison | This work
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