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Fig. 1 Schematic of fluorescence detection of GSH based on

Au@MnO,-OPD system
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Fig. 2 Structural characterization of Au@MnO, nanoparticles.

(a) SEM image, (b) TEM image, and (c) linear scanning electron

microscopy of UFO shaped Au@MnO, nanoparticles; (d) TEM image of Au@MnO, nanoparticles etched by 1 mmol/L. GSH

0428002-2



445 E 4H/2024 F£ 2 B/RFEZIR

3.3 ARpHEMNERR K EENZMN

ARS8 € 0. 2 mol/L i) KHLPO,-K,HPO, ¥ #
YEN R R R, %5 88 T 52 vh i W pH (XK 3 28 Ot ik
JER LA . Y pH TE 3. 6~7. 8 3 Fl NI, A [R) 22 wh i
W pH B X 26 658 BE A2 ma an 141 3 i m . mT A #1) - 24
pH<C7. 2 B, %€ 't 5 B B8 pH (B (9 35 Jin i 8 K54
pH>7.2 B, 2 St o B JF IR pdl /Dy o A 50 38 3% %
KH,PO,-K,HPO, ¥ W 1) FefE v pHIE R 7. 2,

300
T
250 - —

g
g 200 -

b.

3150 -

100

Intensity /

50

0

3 4 5 6 7 8

P03 U pH B X A 2R 42 i JEE B4 32 1R

Fig. 3 Effect of solution pH on system fluorescence intensity

3.4 OPDIREXEREHBEENZIMT

TEpH="7. 2 (IFE W b , OPD ¥k & XA 2 5 i oim i
G ] 4 BT, B OPD ¥ B (9 384, 1 2 110 9¢
o wR B S Y OR S & W o 2 OPD Wk B
0. 1 mmol/L B, ¢ %58 JI 35 8] i KAE , 4k 223 K OPD
W OBE O8Ot R BE RO OBE AR . B b, SE I B B
0.1 mmol/LAEA OPD Y Fe A e i .

350 -
}

/

W
(=3
(=)

g
Ty

[\
[
(=

200 -

Intensity /arb. units

150 -

100

0 1 2 3 4 5
OPD concentration /(10~* mol - L)
4 OPD ¥R BE X 1A 2R 5O 5 I 1) 52 1)

Fig. 4 Effect of OPD concentration on system fluorescence

intensity

3.5 GSH IR B E X4k & 5% S 58 B B 32 1

G SH 14 i A B[] %5 4R 22 9 D' ik B 1 552 W) 4t 141 5
7N, £ 0~18 min 78 [ P A3 B 5 min I 22 14 & (1) 2¢ Stk
B, e BAR FR 1) 58 5 7E 0~15 min P& i/ | Bl
J& ¥ TR, Bk £ 15 min £F S GSH 1Y &% 4 0% 1k
B[]

220 |

Intensity /arb. units
— — — [\]
= D [0'e] (=1
(=) (=) (=) (=)

*/

—
[\
[=]

8 10 12 14 16 18 20
Time /min

0 2 4 6

PS5 0.1 mmol/T. GSH YA i ] X ¥ 2% 't 5ik B2 Y 52 1)
Fig. 5 Effect of incubation time of 0.1 mmol/l. GSH on

system fluorescence intensity

3.6 fEREXT GSH BY K S M iz

J T A Au@MnO,-OPD & & Jl T GSH & & 1
W AT ATPE e B S 38 25 1, 48 T AN [R] e 2
(0. 10 nmol/L . 100 nmol/L . 500 nmol/L .1 pumol/L .
10 pmol/1L., 50 pmol/L., 0.1 mmol/L . 0.5 mmol/L .
1 mmol/L) % GSH I}, 560 nm &b 14 Z 1Y 5% it e 58 Ji7 A5
B CE6) . & 6Ca) . (b) s, b GSH ¥ & 19 I+
1, 560 nm Ab 114 5 S e 28 i R AIG , 76 58 AT T U TR
o H R 0 78 B B P B St . X 560 nm &b Y 9 iR
BESEAT LA 40, S5 A 6 (o) BT i, 26 6 i B (Y 748
A (AF) 5 GSH #& J& (1) % 20 {H (g C) 7€ 0. 01~
10 pmol/L 1 50~1000 pmol/T. ¥ Ji i [ P ¥ 5 3 )
by & PE O &R, & ME O B 4 il o AF=21.49-+
11.67lg C Fl AF=—107. 95+ 144. 03lg C, # % & %k
(R)43 510 0. 99 F10. 98, R4k 30/SArHE i+ Iy ik (H:
TS R A N 7 B R L 0 ROR 342 FURESL Y
b e 22 ), 3F Bt iz 7 X GSH g Ak i R S
0.003 pmol/L. Ptk , H3 5 2 6 5% B A% 4k AT 58 3 GSH
VB 1Y) A
3.7 FTHZE

RERGEIHAD TP (4 )8 B F M ZL iR ) £ 7E i 40
KEEEE T GSH K /2 e, 247 7 TP 52 5, &5 4
7 o 1R & H e i A5 mmol/L 4 2 5 g
(MR AR &R A LE T (Na” (K- Mg™)
I, A T Au@MnO,-OPD % W (1 2 6 58 B, FiF i &
LR X R ZR 28 0 B 0 s ma AR /DN {8 4 28 1) o A
0.5 mmol/L GSH % W I, 285650 BE B 2 k)N, 3R 9%
R Z X GSH HAT 37 iy s B 1
3.8 LERESAET

S T WS T O 1 AE SR AR AR R b i A
fiE , 1) A B 50 £ (9 1ML P oim A G SH A o 1 [ 15 %
TR W TRk 2% v (PBS)I ], AR I e 151 8 fr 7 |, Bl
I FE i GSH W B Y 35 K, V5 W 1Y ¢ 0 34 ¥
FAR, 40 8(a) . (b) F R o 560 nm b A & B 5¢ i )&
TALAE (AF) 5 GSH ¥ B 19 X5 40 #E 0. 01~10 pmol/L

0428002-3



445 E 4H/2024 £ 2 B/REEIR

@ 5901 () 350 (c) 350
280 + 300 300 F
w 240 2 L AF=-107.95+144.031g C
g g5 = 250 R=0.98
E 200 S 200 200 F
5 160} \i . 5
> 2 15 I
% 120 g 150
T sol & 100 + 100 F
E & AF=21.49+11.67lg C
401 50 - 50 R=0.98
0r - 0t T— . 0 _’./.——"""/“‘
450 500 550 600 650 700 0 200 400 600 800 1000 2 1 0 1 9 3
Wavelength /nm Cigp/(umol - L) 1g [C /(mmol -L )]

K6 Au@MnO,-OPD A 5 % G2 i i b A R B2 GSH I A& &5 2R < (a) Au@MnO,-OPD A 28 5 AN [l ¥ BE 19 G SH R HITJ 19 586
JEHE 5 (b) S AN 19280 BUR DL K 98 6 2 B GSH YR B2 1 A8 A 2k 5 (o) 2R 5 B U 5 GSH IR EE X BUE M L 1k &
Fig. 6 Sensing results of different concentrations of GSH in buffer solution by Au@MnO,-OPD system. (a) Fluorescence spectra of
Au@MnO,-OPD system before and after reaction with different concentrations of GSH; (b) fluorescence photos under
ultraviolet light and curve of fluorescence intensity changing with GSH concentration; (c¢) linear relationship between change

value of fluorescence signal and logarithmic value of GSH concentration

Y5 R A 9 N AF=12.71+4.81lg C 1 AF=
—110.99+109. 82lg C,# K R E(R)H 0. 99 A1 0. 95,
ULIE8(c) , 4 RFR WP $2 7 vk A BAF AR C .
2 I YR I T AN [ vk BE Y GSH 51 1Y 2 O 5k B2
Xt E e [ E 8(d) ] nl LA B 2 24 GSH vk BE AR AR, 7
T 0 rh R ) v B 1) G SH 5 114 98 i B 25 S 3
Bt % GSH ¥ ¥ ik 3] 0. 5 mmol/L, 5¢ )6 5 J 25 5 3%
AN, R WYL P % JH Al 4 J5T AN T A b 3 T L H
S DALY AN ) e B GSH 5 R 1 98 s B Ok &
SRR NWEEN o 38 0 F 6 — A M3 B 5
D25 2R o T 4 05 vk i I 45 2R 5 PR S 2 % hr i Y
P FH 58 A1 B i 0 45 AT LA, iR 1 TR o R dR
V5 5 58 A W A I GE IV Th R GSH & i 07 TR A =

50
JFE—SebE, WY £ 5 0k W LR T Il GSH Y ks
K7 TAHRELHIET . Au@MnO,-OPD {& £ Xt 5 mmol/L T 4 2% 7w
Yo (A B F 42 )& 25 1) 1 0. 5 mmol/L GSH Y (a) 3t
£ HE T () 5 5 38 B Rk 1 P&t — o 7 S DR A 5L A S Al B Y
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Table 1 Detection results of GSH in serum samples

GSH concentrion / Detection concentration' /(mmols. ")
Sample B - - Recovery /%
(mmol-L.™") Ultraviolet enzyme method This method
0.58 0.574+0.01 0.5640.03 96. 55
0.92 0.91+0.06 0.90+0.05 97.83

Note: “ mean= standard deviation of three determinations.
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Fig. 8 Sensing results of different concentrations of GSH in serum samples by Au@MnO,-OPD system. (a) Fluorescence spectra of
Au@MnO,-OPD-serum system before and after the reaction with different concentrations of spiked GSH with different
concentrations (0, 10 nmol/L, 100 nmol/L., 500 nmol/1., 10 pmol/L, 50 pmol/L., 0.1 mmol/L, 0.5 mmol/L., 1 mmol/L);
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(c) linear relationship between the change value of fluorescence signal and logarithmic value of GSH concentration in serum;

(d) comparison of fluorescence intensity caused by different concentrations of GSH in PBS solution and serum
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Oxidase-Like Au@MnO, Particle Etching Triggered by Glutathione for

Fluorescence Detection of Glutathione
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'Puyang Vocational and Technical College, Puyang Institute of Technology of Henan University, Puyang 457000,
Henan, China;
*Department of Clinical Laboratory, Chinese Medicine Hospital of Puyang, Puyang 457000, Henan, China

Abstract
Objective Glutathione (GSH) is the most abundant and important biological thiol antioxidant in living cells. It is not only

able to directly scavenge free radicals but also is an important component of the glutathione peroxidase system to resist
oxidative damage caused by free radicals and reactive oxygen species. Abnormal cellular GSH levels are considered an
important biomarker for human health and are associated with the progression of various diseases, such as liver injury,
aging, cancer, cystic fibrosis, and neurodegenerative diseases. Therefore, there is an urgent need to develop a simple
method to detect GSH concentration. At present, the main detection methods for GSH include colorimetry, mass
spectrometry, chromatography, magnetic resonance imaging, Raman spectroscopy, and electrochemical methods, which
have been employed to determine glutathione in biological systems. However, some of the above methods have drawbacks
such as low sensitivity, slow speed, poor selectivity, complex process, and expensive experimental equipment.

Therefore, a fast, highly sensitive, and specific GSH sensor should be developed.

Methods

sodium citrate reacts with chloroauric acid to generate AuNPs, and then the KMnO, solution reacts with polyamine

We adopt a two-step method to synthesize UFO-shaped oxidase-like Au@MnO, nanoparticles (NPs). Firstly,

hydrochloride solution to form MnO, wrapped on the surface of the AuNPs. Then, TEM, SEM, and linear scanning are
adopted to characterize the prepared Au@MnO,nanomaterials. Next, we optimize the reaction parameters of the sensor,
such as pH value, OPD concentration, and incubation time of GSH. For GSH sensing, Au@MnO, catalyzes the reaction
of o-phenylenediamine (OPD) with oxygen to produce 2, 3-diaminophenazine (DAP) with fluorescence. The etching of
GSH to MnO, results in weakened catalytic ability of the Au@MnO, nanoparticles after the addition of GSH, and therefore

the fluorescence intensity of DAP exhibits an obvious decrease and realizes the fluorescence sensitive detection of GSH.

Results and Discussions In the optimal experimental conditions, the fluorescence peak intensity changes of the system
solution at 560 nm are investigated when different concentrations of GSH are added (Fig. 6). As shown in Figs. 6(a) and
6(b), as the concentration of GSH increases, the fluorescence peak at 560 nm gradually decreases. The solution color
changes from orange to yellow and then to colorless under ultraviolet light. The fluorescence intensity at 560 nm is fitted
and analyzed, as shown in Fig. 6 (c), and a good linear relationship between the fluorescence intensity change at 560 nm
and the logarithm of GSH concentration (0. 01-10 pmol/L. and 50-1000 pmol/L) is acquired with the low detection limit of
0.003 pmol/L.

To investigate the influence of the nanoprobe on GSH detection in the presence of other interfering substances (metal ions

Therefore, quantitative detection of GSH concentration can be achieved based on fluorescence changes.

and amino acids), we conduct interference experiments. The results are shown in Fig. 7. When 5 mmol/L. amino acids

(tyrosine, lysine, and glutamic acid) and ions (Na™, K™, and Mg"") are added to the system, compared to the fluorescence
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intensity of Au@MnO,-OPD, the added amino acids have little effect on the fluorescence intensity of the system.
However, when 0. 5 mmol/L GSH is further added to the solution, the fluorescence intensity significantly decreases. This
indicates that the system has good selectivity for GSH. To study the detection performance of this method in actual
biological systems, we employ this sensor to detect GSH in serum. As shown in Fig. 8, the splendid linear relationship
between the fluorescence intensity change at 560 nm and the logarithm of GSH concentration (0. 01-10 pmol/L and 50—
1000 umol/L) is obtained. Additionally, for the test results of the same serum sample, our method is compared with the
medical ultraviolet enzyme method as a reference standard. As shown in Table 1, this method has high consistency with
ultraviolet enzyme method in determining GSH content in serum. This method can be utilized for GSH detection in serum

and has great application prospects in clinical diagnosis.

Conclusions We propose a simple and rapid method for preparing UFO-shaped oxidase-like Au@MnO, nanoparticles.
Based on the oxidase catalytic performance of this material, a fast, simple, and highly sensitive method for fluorescence
detection of GSH is designed, which can detect GSH at concentrations of 0. 01-10 pmol/L and 50—1000 umol/L. with a
detection limit of 0. 003 pmol/1L.. This analytical method has high selectivity, high sensitivity, simple operation, and short

detection time, with broad application prospects in GSH detection.

Key words fluorescence; Au@MnO, nanoparticles; oxidase-like; glutathione
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