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Introduction

* The superoxide anion (O, ") is a reactive oxygen species (ROS),
and also a precursor to produce other ROS such as hydrogen
peroxide (H,O,) and the hydroxyl radical ("OH).

It is of great Importance to sensitively monitor in
situ O, released from cells for health screening, disease
diagnosis and pathological study.

 Electrochemical O, = sensors mainly rely on specific enzymes
such as superoxide dismutase and Cytochrome c, but the sensors
often suffer from poor reproducibility, short shelf time and high
expense.

* Why porous electrode?

« Large surface area = high sensitivity

* Inner pore surface can be modified to improve surface
adsorptions or trapping of specific target molecules



Schematic illustration of the formation of Mn4;(PO,),—DNA/CNFs.
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D and E) Mn4(PO,),—DNA/CNFs, (F)

and (G) the element area profiles of C, Mn, O and
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TEM images of (A) CNFs and (B,
—DNA,

HRTEM of Mn;(PO,),
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XPS analysis of (A) variation of the composition of functionalized CNFs, (B) wide scan
survey spectra of DNA/CNFs, (C) wide scan survey spectra of Mny(PO,),—DNA/CNFs,
(D) N 1s spectra in DNA/CNFs and Mn4(PO,),~DNA/CNFs showing three peaks for
amine group (398.4 eV) and nonconjugated N sp 3 (399.64 and 400.7 eV) belonging to
the cytosine-base oligomer., (E) P 2p spectra in DNA/CNFs and Mn4(PO,),—DNA/CNFs,
and (F) Mn 2p spectra in Mny(PO,),—DNA/CNFs.



100

1500r
A CNF B e BT o :
200 - 00 4 7774 BET surface area 1289.89
. CNF;—m < 12004 L Mesopore ratio | 116622 k80 ~
& 7 03 71 =
o~ (“F.m e 69.52 ".q‘: i l 1\::_'
‘sp 150+ - E 612 : | e300 =
- PR — (‘N}, S b 2 ¢ | { '{‘_ 90 2
£ - g 900 S bud | LoD S
= ~—e— CNF = : > -
S 100 e v 1 : | 4 £
. - 1 L B T76 37 | =]
- CNF g 67637 | |}
.: oo ‘E 6004 I { i 40 %
= A = 2.32500.85 i A
S \ Z | P4 | 5 =
S04 Y = | | | '
4 SN \ 2 3004 | A | , 20
gy, Aa. | A ;
"\‘-A-m 4130580 Bl |
0+ R i - N | , :
v , , ™ prrrTTTTTTYTTYYYTY " " 0 o N - i ] 1 1}
1 2 4 8 16 32 64 128 256 600 700 800 900 1000 1100
Pore Width (nm) Pyrolysis temperature (C)
12 12
‘ ' i Ma (PO ) - DNA/CNF, D
104——h: Mnl\( P'l)*]_‘- I)N;\r’(.‘.\'FI" Q
8 1—g: Mn (PO,),- DNA/CNF 10 4 /
- f: Mn (PO,) - DNA/CNF - Q
= 4 ) ] -
2 64 e Mn(PO,),- DNA/CNF, | S
£ {1 d:Mn(PO,)-DNA/CNF E
£ 44 ¢: Mn (PO,) - DNA =
s 1 ’ .
G ] b:M(rO), © s q/o
a: CNFs / o
0 g—
- [} 4- q
.nz-
02 00 02 04 06 08 1.0 d e f g h i

Potential (V)

(A) The pore size distribution curves of CNFs, (B) the BET surface areas and the mesopore
ratio of CNFs, (C) CVs with a substrate background obtained with different material modified
GCEs toward 1 pmol L™t O, "~ in PBS solution. (Curve a) CNFs, (curve b) Mny(PO,),, (curve
c) Mng(PO,),—DNA, (curve d) Mn4(PO,),~DNA/CNFg,,, (curve e) Mny(PO,),—DNA/CNF,
(curve f) Mny(PO,),—DNA/CNFgq,, (curve g) Mn,y(PO,),—DNA/CNFg4y,, (curve h) Mng(PO,),—
DNA/CNF 49, (curve i) Mng(PO,),—DNA/CNF,;4,, and (D) relationship of the peak currents
of Mn;(PO,),—DNA on different CNF modified GCEs according to (C).
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The biomimetic enzyme catalytic process.
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(A and C) Chronoamperometric response of the Mn4(PO,),~DNA/CNF/GCE sensor in
response to the continuous addition of 5 nmol L™, 10 nmol L™* and 57.5 nmol L™t O,
respectively, at an applied potential of 0.72 V versus Hg/Hg,Cl, in 0.01 mol L™t PBS, (B)

response time of the Mn4(PO,),~DNA/CNF/GCE sensor towards O, ", and (D) the linear
plot of response versus O, ~
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(A and B) Selective performance and histogram profile of the Mny(PO,),—
DNA/CNF/GCE sensor. The responses obtained on the addition of 57.5 nmol
Lt O, ~ and Na*, NO;~, K*, CI-, dopamine (DA), ascorbic acid (AA), and uric
acid (UA) up to 10 ymol L™t as well as 1 pmol L™ of H,0.,.
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Scheme showing one path for
different amounts of zymosan-
triggered O, ~ production from cells
and timely capture of O, ~ by the
Mn;(PO,),~DNA/CNF/GCE sensor.
The microscopy images of (A) A375
cells and (B) HaCaT cells with a
density of 1 x 10° cells per mL.
Real-time monitoring of
O, ~ released from (C) A375 cells
and (D) HaCaT cells stimulated by
different amounts of zymosan:
(curve a) 0.2 mg mL™! zymosan;
(curve b) 0.1 mg mL™! zymosan;
(curve ¢) 0.1 mg mL™1 zymosan and
SOD 300 U mL™%; and (curve d)
without cells, (E) one pathway for
zymosan-triggered O, ~ released
from human cells and captured
timely by the sensing platform, and
(F) reproducibility of the sensor
when detecting O, ~ released from
living cells.



Current response of O, ™ released from cells under
Injection of drugs

Cell lines m Current [uA]

A375 O.2_r1ng 0.97
mL Zymosan

0.1 mg 0.47
-1
mL Zymosan
HaCaT 0.2_|1ng 0.31
mL Zymosan
0.1 mg 0.15

mL Zymosan



Conclusion

« This work tailors the pore size distribution to fabricate a
highly sensitive and selective Mn4(PO,),—DNA/CNF-based
biomimetic enzyme sensor.

* The real-time detection of O, ~ released from living cells is
shown.

« A high mesopore ratio in the pore structure plays a critical
role in the enhancement of sensitivity and selectivity.

 This highly sensitive and selective O, ~ biomimetic enzyme
sensor has a great potential in diagnosis and life science
research applications



