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ABSTRACT

Objectives: A study was conducted to address two major limitations of the vertical flow assay (VFA) used in point-of-care
diagnostics: low sensitivity due to visual analysis, and the inconvenience of requiring multiple steps, such as washing.

Methods: To overcome these issues, in this study, the VFA was integrated with surface-enhanced Raman scattering (SERS) for
high sensitivity and applied a one-step analysis method using a premix. The developed one-step SERS-based VFA system is
labeled by a Raman probe consisting of detection antibodies, Raman reporter (4-mercaptobenzoic acid [4-MBA]), and gold
nanoparticles, and is based on a sandwich system composed of capture antibodies and analytes. To facilitate immediate SERS
measurement, a customized cartridge was designed to eliminate the need for removal before analysis. Sensitivity was further
improved by optimizing the sample dilution buffer, concentration of the capture antibody, and size of gold nanoparticles
embedded in the Raman probe.

Results: Using only 60 pl of analyte, the system exhibited excellent linearity (R* = 0.9988) up to 10 ng/mL, with a detection limit
of 0.66 ng/mL for the C-reactive protein (CRP) antigen, outperforming traditional lateral flow and VFAs.

Conclusion: This is superior to the lateral flow assay and VFA, which use CRP antigen as a biomarker. It is emphasized that
the developed one-step SERS-based VFA system can be used as a potential point-of-care testing tool for diagnosing various
biomarkers as well as CRP
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ing, SERS)2 z|2 E'S*OI HRET Q= B0f2, 2, 2, F2 S 2
2 LI QIXI0| SAHE 21| Raman M|7|E Z|CH 10"'H) A7t
X| Z7A|71= 7120\t @, SERS= £A A|ZH0| &1, H| It~

— =

1.5 mL EE0| detection °F7<1| Raman reporter, = L=t
7+ ZSt=l Raman reporter?t SHEE mixsto BHSA|Z |1 25
ot0] Er SSHE01| Hlol| RlZet SERS A E HIAC

=z 2 aE

1. XM=

Absorption pad (17CHR, chromatography grade)=
WhatmanOilAl 20§t CH NC membrane 1 (CLW-040-
SH34)2 Advanced Microdevices Pvt. Ltd. (MDI)MIA HULCE
NC membrane 2 (PW-90)= Polywick Co., Ltd.0flA S20H5H
<Lt Gold (Il) chloride trihydrate (HAuCl,), sodium citrate
tribasic dihydrate (CsHsNa,O,), boric acid, 4-mercaptoben-
zoic acid (4-MBA), EDC (1-ethyl-3—(3-dimethylamino-
propyl)carbodiimide hydrochloride), NHS (N-hydroxysuc-
cinimide), bovine serum albumin (BSA), casein sodium salt
from bovine milk, tween 202 Sigma-AldrichOi|A] FL0H5IA
C}t. Anti-h C-reactive protein (CRP) clones 64042} 6405=
Medix Biochemica®llA FLOHSIRICE. CRP antigen2 Hytest|
A LOHSHACY.

2. VFA A A &=
1) 3D printerE 0|&¢%t XEH FIEZ|X| X|=
Autodesk fusion 360 ATEYHE
& tE|X|Q] HHt sHHE ZHYSIRCM, UNIZ 3D printer
IBEEZ ZZIEISIICE 7IEZ|X|Q] HEE 2= AOF)IM & 4= QU
ArgotdeH, 7tEZ|X|9]

AIESIH AAE SE

2 high clear resin (Anycubic)2

Ol 2A-O0IH = 0RIAE 9| HHEAM0| 7Hsoltt= HE0| ULt AN ASS o ATt oHHO| 63201 242 ALY Y|
[f2tA SERS?H VFAS| HES Zgtet SERS 7[8t VFA= CHYGt = MZOIRUCE Eot 7IERIXIE M|7oIK| EE Hi2 SERS
A TS 9ISt =72 22 4 T 9. ZH0| Jtsol=s o of 25 gf2 ™ol JEi2 CIAIRIsH
= HF0A = VFAL| StAEE =517 Il 27HXIE 71 M5t QCt. FtEZ|X] AT0= sample inlet2t VFA result check-
ACk B, o Ii VFAQ| %7191 washing IPHO=2 QI5t Al ing, SERS detection2 {5t &2 MABIROH, 31H0l=
Xt HHZ 22 sHZSICt Washing 28 210] premix 1+ membrane 1, 2, &5 EJt Yot X0 IHEES XI?(IEH
= SOl ne—stepQE AMZt 7ksTt VFA A ARIS A1=010 ™ £ MESHACKFig. 1).
2Igt AP 7hSot=s SIRICt. Eot KAEAOZ QIeh RIZE
oF Met-o| otAIE ot IXT SERSQt ZAglot] 1BIZE=e| 2) VFA A|AEI LA
ZFEAM0| 7tsoleS St¥Ct. SERS &8 A| 7HEZ|X|ZE K| 7{oH{OF VFA A|AHIZ ?fEE’—IXI—I 3710 &H HEZJACH, NC
ot= 2Mets ol 25| 2loll three—dimensional (3D) printer membrane 1, 2, &+IHE, backing card2 MU 25 7
£ 012010 Tel"ot &Y 7IEL|Xl= ZA| SERS 50| 7t & A= 2} HESIALE NC membrane 12 3.9 x 156 mm,
SI== HMIZSIRUC. TR SERS 7[HF VFA AJAEI2 SERS = NC membrane 2= 3.9 x 25 mm 7|2 Z2t AFEoIRUCH,
F £212l nitrocellulose (NC) membranedfl M 185t 7 YHE0|Z= 3.9 x 10 mm, EIHERL YTH|0| L7 SA|0f
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(A) Sample inlet, Result checking, (B)
SERS detection

tMembrane load support

S

Fig. 1. The 3D-printed customized cartridges that allow
for immediate SERS measurements without removing
the cartridge. (A) The cartridge’s top plate features six
connection holes to the bottom plate, with a central
opening designed for sample inlet, result checking, and
SERS detection. A membrane load support section was
also incorporated to securely position the membrane. (B)
The bottom plate of the cartridge has six pillars for cou-
pling with the top plate, and a pad load support part was
manufactured to place the pad in the same position. (C) A
schematic illustrates the assembled connection between
the top and bottom plates of the cartridge. 3D, three-
dimensional; SERS, surface-enhanced Raman scattering.

Pad load support

Q= backing carde 3.9 x 31 mmZ &2} AF26IRACH Back-
ing card, 4%, YHEH0|Z2L NC membrane 25 X2
Skt F ZIE2|X| oFH E0f 7I”IELE 1 2|0l NC membrane
12 7tEZIX|Q| 7h2H|I2 YIXIMZI 7 7IEZ|X| SHE ZAIA
backing card, 4=, NC membrane 11t 2& 11HA|ZIC}
NC membrane 1T EH0N| mouse anti-human CRPE 0.5%
sucrose’} 8= phosphate buffered saline (PBS)0| 0.25,
0.5, 1 mg/mL sE2 1 ul 23 & 37THAM H=E = AFZ5K

O 18 sk 2t IFgE AM oA,

3. Raman probe M=

Raman probe MZ0| AF2E & LI &A= sodium citrate
7t gold chloride trihydrateE 2teAl7|= Turkevich YO =
SHBIRACE 50 mL AZF Z2tA 0| deionized water 24.975
mLet 10% HAuCI, 25 pLE &33t1 mixsiE F, magnetic
barE 21 hot plate §/0IA 200C2 7tE6XICE 0| 27|
AIZSHH 200 rpm 22wkt £ 1% sodium citrate 1S 242+
120, 150, 200 uL 235t 102 S BESAIZICH MEst so-
dium citrate volume2 ZX3}E Sof 2HoIUCH, = L

Atz gtget = 4CO| 2200 ALE5IRA. Glass tubeli 2=

roh

F = LE=2IXF 1 mLe} boric acid (pH 8.3)2 &35t &gfet
| Raman reporter®! 4-MBAS 2 LI QIAtet A 20|14 308
SO HIZAZICE B2 E 2 L XIeF 4-MBAZ 156 mL §&2
ol 4 E1 3 L-A0 S2EX| 42 1Eo| 4-MBAE A
AHst7| flhl 102 S Eel F2lott JEMS Mgt = boric
acid 1 mLE 2F8IRUCH M glass tubelll 4 E2 £ EDC2}
NHSE 25t 20| 202 St BIEAIZI 2, mouse anti-
human CRP &tX|S borate bufferil 5/A45t0] A20] 602 S
oF BESAIZICE 1.6 mL {EO| 71 =, HIS0|X 32
o, 2 LRt OFYSHE @{sH MIZ=8t Raman probe &
1% BSAZ coatingott] 3027 &20{A BISAIZICH 2 L
Kol B1Z5HX| 22 Al=S2 MZHoH | 9{oi 14,000 rpmOilA 1
2 SOt 2IME2|61 1, borate@t 1% BSA E8IioZ A=l
75t MZHsts g 33| BHESIRIC M &2 & &
0] = Raman probe SRAIE 20x2 &&0610 4T Est
0 ArBSIRACHFig. 2A).

4n

0%
Ral
ol

I

ol

18

o i

m o o

o
Iml

4. Instruments

= LI QXL 949] yltraviolet visible (UV)-vis AMEHS
Thermo Fisher Scientific?| Multiskan go &H|Z SIS
O, dynamic light scattering (DLS)2| hydrodynamic diam-
eter (nm)2} %polydispersity index (%PDI)= Wyatt tech—
nology®| DynaPro Nanostarg At&o6t0{ SNotRACt, HAHt
3 % SERSE =dol7| floll FHE Raman &A1 NS 200
(Nanoscope Systems Inc.)2 AF25SICE. 2|0|Xf IHE, |0]X
N7 |(IH), == AlZHat 201K AT AAR2 2#2F 785.1 nm, 20
mW, 1s, 20 um= AFESIRILE MES x, v, z ME AHOX[0
£11, #0[XM= SERS ZEE ZUiatst| {loh 71T B0 =H
SEQIC}. Z7HA £ NS-Raman ID ver. 5.0 2T EY0{E Af
SO A 7| LHOIA 5742 Raman AHE#ES X612
AHEZS J|&=M BHM Raman AHEHO| &2 band/t

MAE SE= HIO[E 240 ASEU

2 oo o

2 1

1. SERS 7|2 VFA A|AH! 22|

SERS 718F VFA A|ARIS] £Q QA= 6F cartridge,
backing card, double—sided tape, absorption pad, double-
sided tape, NC membrane 2, NC membrane 1, &8 car-
tridge0|0{ OFHRE A= A0 AT AAEZ antigenat

antibody At0]2] HHELZS 0|&0IACE. NC membrane 104
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SERS analysis
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800 1300 1800
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|” CRP antibody % BSA

Fig. 2. The fabrication process of the Raman probe and the overall process of one-step SERS-based VFA. (A) A schematic
illustrates the fabrication process of the Raman probe. Following the adsorption of 4-MBA onto the produced AuNPs,
the unreacted 4-MBA is centrifuged, washed, and subsequently reacted sequentially with the EDC/NHS and CRP anti-
bodies. BSA is then applied to the AuUNPs’ surface to stabilize them, and the unreacted material is extracted by centrifu-
gation, three washings, and 20x concentration. (B) The schematic depicts the overall process of one-step SERS-based
VFA. CRP antigen is mixed with the Raman probe in a 1.5 mL tube to allow a reaction. This mixture is then dispensed
onto a sensing membrane with pre-immobilized antibodies, triggering an immunoreaction. After the immune reac-
tion, the SERS spectrum is measured using a Raman laser for SERS analysis. SERS, surface-enhanced Raman scattering;
VFA, vertical flow assay; 4-MBA, 4-mercaptobenzoic acid; AuNPs, gold nanoparticles; EDC, 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide hydrochloride; NHS, N-hydroxysuccinimide; CRP, C-reactive protein; BSA, bovine serum albumin.

= CRP antigen0il £0|&2l mouse anti-h CRP IgG7} 0|2
load=|0f RACH & HIHZ 1.5 mL tubedf] 20x2 5&E Raman
probe 2 uL& 25 & BMEZ 60 ul2t 22 St mixsto] 24
E20| &= CRP antigens Raman probedi| Z&H=l detec-
tion antibody2} FSA|71 Raman probe 2817t A EICt 1
= mixE Raman probe SHIS 7HE2|X| AT sample inlet
E20| 23350t ZFELX] AT membrane load supportOf|
9Olal Raman probe =&fA| 20| 7} K= SA|0f capture an-
tibody®2t Raman probe Z&HA|7t B1SSIACE 0[BFESE Raman
probe 2= NC membrane 25 £ E4I=EZ 0|55
C} B2 2tF S capture antibody?} 0|2 loadE substrate ¢
£ SERS ZX5I2UCH(Fig. 2B). CRP antigenit Zgl6HX| 942

Injection

41 ~'Ag-Ab complex
liquid confinement ———p ™

NC membrane 1

NC membrane 2

Fig. 3. The fabricated SERS-based vertical flow assay sys-
tem. The cartridge lower plate, backing card, double-sided

Raman probe= NC membrane 22 0|Est H 712 SE2 &

3 E+IER 015 ACHFig. 3).

2. SERS signal?| E& 1t ZuEAM B

BMEZI9| SERS signal2 Raman shift 1,076 cm '} 1,586
cm "0l Raman reporter2 A2 01 4-MBAS| 0] oIk
= LEHGCH O 5 O &2 intensityZt LIEHE 1,076 cm'

tape, absorption pad, double-sided tape, NC membrane
2, NC membrane 1, and cartridge upper plate are layered
from the bottom. The cartridge top plate traps the liquid
when the pre-reacted analyte and Raman probe are dis-
pensed into the injection section, causing an antigen-anti-
body reaction on NC membrane 1. The unreacted Raman
probe polymers pass through NC membrane 1 and move
to NC membrane 2 along the horizontal flow and are then
absorbed by the absorbent pad. SERS, surface-enhanced
Raman scattering; NC, nitrocellulose.

328

BSL 2024;30(4):325-334



One-step Vertical Flow Immunoassay for Onsite Diagnosis

BSL

OlMQ] peakE 7|ECE HUE 2AGIICE. UATE HWaH|
Qo ATHHQI 2421 Raman intensity CHA! signal to noise ratio
(SNR)Z XHEHSIHLCE SNRE Raman intensity noise CHH| £
=29 Raman intensityO|Ct. Raman intensity noise= &4
2219] CRP antigen &7t 0 T 1,076 cm '0flA412] Raman
intensityE LIEIUD, 24222 Raman intensity= 1,076
cm "0 EMZEE9| Raman intensityS LIEFHCE VFA AJAE
9| SNR valueZt EE58 2HE7t S7I6HH, 2M9| Xt

?I5Hl SNR value/t =2 Z215 A=

3. SERS 7|Yl VFA AJAHE! XA =[X3}
HIZret VFA system 5= Z|H2tol7| flshA CRP antigen
dilution buffer, capture antibody &, & LI=QAte| 37| A

O
g HrSS 2GR 215at delo] Mds =feloh| ¢

1) Sample dilution buffer Z|Xs}

Sample dilution buffer= &H1} StH|Q| HIE0(A
Mot ZAEH FYES RAloh= Ol %8 dgs
5| sample dilution buffer®f] &=l HHEIEO| 29}
2} SERS intensityLt SNRO| E2H& 4= QI7| M2
ol= H0| Lottt Buffertf| THefZI0] HLEHE|X| O
(a)f casein (b), BSA (c)7F &l 25 H|WoI0 Z|Xztch
SLCt. (a) buffer= 0.1% tween 20 + PBS, (b) buffer= 0.5%
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Rarman intensty {1076 cm faw)

L

i

o w n m o
CRP antigen concentration {ng/mL)

=

1w

casein + 0.1% tween 20 + PBS, (c) buffer= 0.5% BSA +
0.1% tween 20 + PBSE AZ AL} 2t bufferE H|wW6H | ¢
5l CRP antigen?l == 0, 10 ng/mLE S6IHOH, ZAut=
4-MBAS] EXIXOI peak?! 1,076 cm '0lA{2] Raman inten-—
sity= LIEHNQICE. THEIAO| T X| 242 (a) ZA0IM back-
ground”t 71 HU1, (b) CRP antigen 02t 10 ng/
mLOIA Raman intensity2] Xt0|7} AUCHFig. 4A). Antigen
dilution buffer0il T2 SNR2 CHHEO0| S| 22 (a) buf-
ferOilM 2.72 71 =2 LIERA2H, (b)2t (o) bufferOiii= 2424
1, 1.52 22 SNR2 EXICKFig. 4B). 0|1F 240f|A= HHE4ZI0]|

ISHE|X| 242 sample buffer?! (a) buffers M5t

xHO

By -

2) Capture antibody S&= X5}

Capture antibody ==0 M2} 02| 28tel 2422 £ CRP
antigen2t Raman probe?| BtS0| 22 4= 7| WE0] cap—
ture antibody =& 0.25, 0.5, 1 mg/mLZ H|wsto] X3} A
&2 FISGIALE Raman shift 1,076 cm™'0lA2] Raman in-
tensitye= 18 =& 0.25 mg/mLet 0.5 mg/mLOIN QA
LIERGCE. 2FH 1 mg/mLOIA= CRP antigen 02+ 10 ng/mL
0lA2] Raman intensity atel Xt0|7t 3 LIEFHCHFig. 5A).
SNR2 0.25 mg/mLOIA 2.1, 0.5 mg/mLAIM 1.9, 1 mg/mL
OlM 4.72 1 mg/mLOIM 7P =2 2ke LIEMICHFg. 5B). 0|

BEM2 THEE 1 mg/mL ZHOZ TISHGHACT

{o

Signal to noise ratio
]

ol

1% Parewrn A= P8 OLS% casmin=1% 059 (5A-11%

taeen 20+ PBS tweon 204FES
Antigen dilution buffer

Fig. 4. Optimization of sample dilution buffer. (A) To optimize the sample dilution buffer, the SERS results were graphed
through repeated measurements, considering the presence and type of protein. (a) consists of 0.1% Tween 20 + PBS, (b) con-
sists of 0.5% casein + 0.1% tween 20 + PBS, and (c) consists of 0.5% BSA + 0.1% Tween 20 + PBS. An error bar is used to rep-
resent the standard deviation following repeated measurements. (B) The graph displays the SNR according to each antigen
dilution buffer. The SNR values in the developed system were 2.7 for 0.1% Tween 20 + PBS, 1 for 0.5% casein + 0.1% Tween 20
+ PBS, and 1.5 for 0.5% BSA + 0.1% Tween 20 + PBS. The highest value was observed in the protein-free 0.1% Tween 20 + PBS
buffer. This suggests that proteins interfere with the antigen-antibody reaction. SERS, surface-enhanced Raman scattering;
PBS, phosphate buffered saline; BSA, bovine serum albumin; SNR, signal to noise ratio; CRP, C-reactive protein.
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(A) Capture antibody concentration (B)
10000 = 0.25 mg/ml 0.5 mg/mlL 1 mg/mL 5 =
3 4
= 8000 - £ 47
'TE E i
o @
= 6000 < .g 34
2] g
]
E 4000 - % 2 4
£ 2 ]
§ 2000« @14
£ ] 4
= o 0
0 10 0.25 mg/mlL 05 mg/mL 1 mig'mlL

CRP antigen concentration (ng/ml) Capture antibody concentration

Fig. 5. Optimization of capture antibody concentration. (A) This is a graph showing the Raman intensity at 1,076 cm™
repeatedly measured when all conditions are the same and the capture antibody concentration is 0.25, 0.5, and 1 mg/
mL. (B) The ratio of CRP antigen 10 ng/mL (signal) to CRP antigen 0 (noise) was 2.1, 1.9, and 4.7 at 0.25, 0.5, and 1 mg/
mL of capture antibody concentration, respectively. The best results were obtained when the SNR was at its maximum
at 1 mg/mL of capture antibody concentration. CRP, C-reactive protein; SNR, signal to noise ratio.

124
(A) (B)
104 35 * Diameter(nm)| L 70
30 613 I 60
° 0.8 - 26
2 25 | FS0 o
206 47 £
5 %67 520 19 36 (40 E
2 & 17 £
0.4 159 rs0 g
* 1% sod.cit 120 pL 10 4 - 20 g
0.2 » 1% sod.cit 150 pL 5 10
1% sod.cit 200 pL
0.0 0 0
480 530 580 120 pL 1,50 uL 200 pL
Wavelength(nm) Sod.cit volume
( ) D),
~ 140004 61 nm 47 nm 36 nm
5 o
= 12000 - k=
3 g
G
e 10000 841
o i o
= 8000 -4 c |
F 1 9
E 6000 = >
g . £27
S 4000 o
s ] ?
E 2000
-3 -
0 _-_-_ —am R 0
0 0 10 0 61 nm 47 nm 36 nm
CRP antigen concentration (ng/mlL) AuNP diameter

Fig. 6. Optimization of AuNP size. (A) This graph shows the UV-vis spectrum of AuNPs synthesized according to the sodium
citrate volume. All three AuNPs showed a result of about 1 OD, and the maximum absorption wavelength decreased as the
sodium citrate volume increased. (B) The difference in DLS of the synthesized AuNPs according to the sodium citrate volume
is shown in a graph. The %PDI of AuNPs containing 120, 150, and 200 uL of sodium citrate volumes, were 19, 26, and 17, re-
spectively, indicating that they were synthesized as generally homogeneous particles. The diameter (hnm) was 61, 47, and 36,
respectively, indicating that the diameter (hm) decreased as the sodium citrate volume increased. (C) This graph compares
the Raman intensity at 1,076 cm™' through SERS measurement after immunoreaction using a Raman probe made with the
synthesized 61, 47, and 36 nm AuNPs. (D) This graph illustrates how the size of the AuNP affects the SNR. The SNR was 5.6 for
61 nm AuNP, 1.7 for 47 nm AuNP, and 1.2 for 36 nm AuNP. AuNPs, gold nanoparticles; UV, ultraviolet visible; OD, optical densi-
ty; DLS, dynamic light scattering; SERS, surface-enhanced Raman scattering; SNR, signal to noise ratio; CRP, C-reactive protein.

3) 2 LI Xt 37| 2|5} £ ZXolCt. UV-vis AHEZ AN} 1% sodium citrate 120,
1% sodium citrate2| 2L|0f| 2t MESH = L QIXtel & 150, 200 uL2 MZEE 2 LHe@Ats 242E 538, 530, 526 nm
S E4it 37| 3 21 BIIE fIo UV-vis AHEZ DLS oA Z|CHEIHERS LIEIHL, 1 OD (optical density) a4 Lt
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EHMACHFig. 6A). DLSE 33| 58 = Q= BMSIRCH, 4. #5E AAHCS 2A4 H5 It

%PDI= 22+ 18.9%, 26.3%, 17.4%, diameter (nm)= 22t 1) Standard curve 8™

61.3,47.1, 36.3 nm=z LIEFRLTE. %PDI 240] 20% 0|2 i A4 SERS 7|8 VFA AAE] 24 X|X3lE Sofl 215X 2= 110t
Zo CHEMOIN, MAE 2 LHe-QXk=E HMXOZ ARIGH AR A|AEIS 03] 5E9| CRP antigen22 M2 2445104 standard
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Fig. 7. Quantitative evaluation of the established SERS-based vertical flow assay using the sandwich system. (A) Due to
an increase in the immunological response, the Raman intensity at 1,076 cm™ and 1,586 cm™ increased as the concen-
tration of CRP antigen increased. (B) A graph shows the average value of Raman intensity at 1,076 c¢m™', which increases
in proportion to the CRP antigen concentration through repeated measurements. (C) It is a graph linearly represent-
ing Raman intensity at 1,076 cm™ from CRP 0 to 100 ng/mL to make a standard curve. The linearity was confirmed as
R’ = 0.9025 up to CRP 100 ng/mL and R’ = 0.9988 up to 10 ng/mL. SERS, surface-enhanced Raman scattering; CRP, C-
reactive protein.
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2) ZEEI(LOD)2t FHTHA(LOQ) Bt
JHeE SERS 7|2 VFA A|AEIOIA Q] CRP antigenl| 241
Hel= 10 ng/mLK| 7ksotH 24 7ts6t 24 sEQ1 LOD
(I|m|t of detection)= 3.3 x STD (standard deviation)/slope
A0f T2t 2F 0.66 ng/mLE HMEIRACH E5H HFEA0| 7HsSH
ZA 5221 LOQ (limit of quantification)= 10 x STD/slope
A0f| M2t 2 ng/mLE HMEQICH O, MEEM THLSE A|ARIS S
off  7ts%h Hel= 2-10 ng/mLOIO, 24 71s8t 24 S&
= 0.66 ng/mLZ AMEE|UCY.
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DYoo= CIXRIE|N 7HER|XIE M|AHSHK| 221k ZA| SERS &
0| 7tSOt=E MIEE(RACE AARS| IZEES =0(7] o A

HIHZ XSS sample dilution bufferQ| =X3tE Soff CHEiA
E L

RP antigenZ} capture antibody2| Bt X{H

__
_|>|O

FRAUCH D THEACEH E5| casein micelles

o

13t ME0 membranes S8t sample flowE &
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=
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O capture antibody2t ZgotX| 222 Raman probeE0|
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HT0IA TR E AARIO| HOFLE FHME Q=X 24157 | 25
CH2 A|AEIT} H|WEIACKTable 1) '™ 1K No. 1-4 A|AH
2 CRP antigenS 7|HtQ2 5t LFA 2 VFA SIAI0|CH LFA Al
HEE 2 LIRS label2 A0 104 24 1--0| X
EIC} VFA BA S HE R = LI QIAIE label= AFEoA|RE
MO = washingS Zefet SIS 24E0| HLOICH EF LFA

VFA AIAEIS] sample volume 50-80 pL, LODE= 1.5-91

NI ) oto rlo

Table 1. Comparison of analytical performance with other systems using CRP antigen as an analyte

Ref.

System feature

LOD (ng/mL)

Sample Assay R? Range
volume time (ng/mL)

Assay step

Analyte

Assay label

Type of
nanoparticle

No.

Assay type

1.5 Pressed region an

(after enhancement)

N/A

N/A

60l 52 min

One step

1 Gold nanoparticle Colorimetric CRP

Lateral flow assay

(12)

N/A

0.1-160 91

N/A 3min  0.9896

One step

Fluorescence CRP
(Nile-red)

2 Polystyrene
Vertical flow assay 3 Gold nanoparticle Colorimetric CRP

nanoparticle

(4)

0.01-10 10 N/A
Pressed region

0.9973

Multi step 50-60 uL 1-2 min

Multi step 80 uL

(13)

N/A 0.005-5

15 min

4 Gold nanoparticle Colorimetric CRP

(after enhancement)
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ng/mLZ LIEFSTE JHetE AJAEIS sample volume 60 pl,
LODE 0.66 ng/mL, R* = 0.9988=2 O JiM= A= =Lt
No. 562 SERS 7|dt Ef VFA A|AERIOICH 2 AT0AM= 502
O[LHOIl =A10] 7}sotX|2E THE A|ARSO ol RIZE=7t =L,
JHEE AARI] MEF 0|2 0t CRP= @3
olojet X HO|H, g4 +X| o= dedidets oeot= o
ANECH S, oot FxEol= <1 ng/mlL (N2AF), 1-3 pg/
mL (BZLIE), 23 pg/mL (ZAZ)0ICH . 0= THLE AAH
9| LOD (0.66 ng/mL)2} H|WHS I 2t 22 £X|E S=S
OFF S&0| DIZGIC) M2tA CHE HI0|Q OHH2| HE0= &8
|5t A A|AEIOZ SH2E RIHA JHsA
f. 2 A0 CHEXIX| 22 & 7HX| 7H4E0]
T HX, HHMES AFEet AT TIEX] PIRUCE
0|E Yot =& HF0IM= ME 1007H 0|4E2 MEotH L=
AAEIO| U0 ME &= HAZ L0 &= UEE THMAIZ |0}
A0

| O|FOXIX| UL, =5 A

oo o

SIS HB I EE HIO|R0HES BNSHZ
5104, AIARIO| OIS #I9|S L5 0|5 B ASIIX} BHY,
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