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(a) HEV-LPs ( )
Ra

©
(=)

:l» [10000 —_ — Human Serum g2 _ ( 9556
10¢ P — PBS

—_ ‘n 1.2

S5 o

S £ 5.4

2 5

n

c € 3.6-

3 IS

c 3

= D 1.8- R? = 0.9984

ey, W A—— N - o 2D h-BN substrate
. 0.0 " 407 102 103 104 405 406 407
1100 1200 1300 1400 1500 1600 1700 Sensor 10" 10° 10° 10° 10° 10° 10
Raman shift cm) HEV-LPs (fg/mL)
(c) (d)
5.5

g 0.72F Bare glass substrate } @ G7 HEV detection on bare glass
> :>,‘ @ G7 HEV detection on 2D h-BN
g = 4.4+

q’ 0-54 - d:,
c T 3.3
= = R2 = 0.9929

& 0.36 S

=Saad | € 2.2

S 2 - ©
5 R< =0.8506 %

0.18} o114 2_
3 M 3 R4 = 0.9573
[ ]
eSS — 0.0 . " . . -
Sensor 10" 10> 10® 10* 10° 10° 10’ 10> 10° 10* 10°  10°

HEV-LPs (fa/mL) HEV (RNA Copies/mL)



>

log (Raman Intensity)

HEF

JA914)LADKEH

D/ AJA(ILADEH

7.5+

6.0 -

4.5 -

3.0 4

1.5+

0.0-

NoV in fecal sample

;

¢

Commercial ELISA kitﬁ

100 10° 10
[NOoV(RNA copies/mL)]

3.80
CDA
o
—i
L 3.04 X
~ =
=) S
008 & S
()]
8 >
c 5
152 8 s
o) 2
o i E
L0.76 f: N
o
L
L 0.00 n

VY OFERNE

B HEV-LPs [ Interferent virus
100 -
75 S
50
25
N 2 N Q 2 2
& Q‘Q/ Oe eO




SERSU T FILDORFEELM A E

iDL W
o e : e &
2 *
(C) RSD =5.95 % Spot-spot variation/reproducibility over ] .
\% t t

2000 - 6000 erlapped spectra of nanotags (d)
—
: 3

1 r .
\CU-/ >00 B, 4000
> s
) 1000+ ‘o
- c
O =
£ 5004 =

0
0 20 40 60 80 100 1050 1200 1350 1500 1650
Different spot Raman Shift cm)

10



EER e

HRYPARYEDREICLDBEEDR L

Intrapatricle ( )
(a) SERS hotspots region b
—_ — maleimide-CmagNPs
Nanogel =) — CmagNPs
©
'
P
=
(72]
c
; (]
/€
L \.-...u i
M‘— A“‘N
Interpatricles 1040 1170 1300 1430 1560
SERS hotspots region Raman Shift (cm™)

(ii)

B—F /)3 0DEHIGD»MH (EXHF A=785nm, E,=1
Vim) (i) ; =/ 2 JEEEEE 1 nm (ii); 10 nm (iii).

11



s A

New Technology Presentation Meetings!
/

EAPPLIED _MATERIALS i

ACS Publications

g Most Trusted. Most Cited. Most Read.

X INTERFACES

ubs.acs.org/acsami

www.acs.org

IEJAPPLIED MATERIALS

X INTERFACES

www.acsami.org Research Article

Molybdenum Trioxide Quantum Dot-Encapsulated Nanogels for
Virus Detection by Surface-Enhanced Raman Scattering on a 2D
Substrate

Ojodomo J. Achadu, Fuyuki Abe, Tian-Cheng Li, Indra Memdi Khoris, Dongkyu Lee, Jaebeom Lee,
Tetsuro Suzuki, and Enoch Y. Park*

Cite This: ACS Appl. Mater. Interfaces 2021, 13, 27836-27844 I: I Read Online

ACC ESS | [l Metrics & More | Article Recommendations | Q Supporting Information

ABSTRACT: The use of nanogels (NGs) to modulate surface-enhanced Raman
scattering (SERS) activities is introduced as an innovative strategy to address
certain critical issues with SERS-based immunoassays. This includes the chemical
deformation of SERS nanotags, as well as their nonspecific interactions and effective
“hotspots” formation. Herein, the polymeric cocoon and stimuli-responsive PH triggered
release of nanotags
properties of NGs were used to encapsulate SERS nanotags containing plasmonic
molybdenum trioxide quantum dots (MoO;-QDs). The pH-controlled release of
the encapsulated nanotags and their subsequent localization by maleimide-
functionalized magnetic nanoparticles facilitated the creation of “hotspots” regions
with catalyzed SERS activities. This approach resulted in developing a biosensing
platform for the ultrasensitive immunoassays of hepatitis E virus (HEV) or
norovirus (NoV). The immunoassays were optimized using the corresponding
virus-like particles to attain limits of detection of 6.5 and 8.2 fg/mL for HEV-LPs
and NoV-LPs, respectively. The SERS-based technique achieved a signal
enhancement factor of up to ~10° due to the combined electromagnetic and chemical mechanisms of the employed dual-SERS
substrate of MoO;-QDs/2D hexagonal boron nitride nanosheets. The highlight and validation of the developed SERS-based
immunoassays was the detection of NoV in infected patients’ fecal specimen and clinical HEV G7 subtype. Importantly, this system
can be used to maintain the stability of SERS nanotags and improve their reliability in immunoassays.

Nanogel

KEYWORDS: molybdenum trioxide quantum dots, nanogels, 2D substrate, SERS immunoassays, virus detection, SERS nanotags,
“hotspots” engineering
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