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W FR R KRR S AR RE SR L R R S E B A
YER T M AT 3 5 i 4 45 & i, B & v i B ARG 4
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BPEL G, I Ak S 10 TG A Bl 5 T 20K T 4 B, A T 4%
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PR AR . A% G0 00 G 28 2 0T 4 R DL A 4 o0 B (51K
Y, BUBAEAR RS R =, LA R e A 4 A, G
PRSI H AR A A . R T A DR S ] A AT
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H SERS 1Y e 38 5 55 2 B0RE RN G0 05 2 B 9 7 08 PR
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55, 2 SR BT i 4R A K 26 | 1) SERS {5 5 1T
FE A TREAS R B AR B IR o AR SCEEIR T AR R B
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e ni SERS 155 . SERS i i i £ 5 i £ 40 H
5 T 7 S I E I ST N RISV ) & £ R X (VA4 S R 7.
LGS B IRBOEE R WO S R
ARk WF 9 E T A AN RDE S V450 1 = 1
SERS S , HIE SERS 35S B 49 2K A7 e} e BE 4k i ] 43
HEYE —YE | TR S HEAOR AR 1) . AR SR 4
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FIL RIEI4E I SERS 4ok bR R R

SERS nanomaterials in various dimensions and their
]

Fig. 1

applications™”

2.1 FTHEGRMHR

T YA KA B 48 M RHE 28 ) B — A4k B i R
HRAE A A R (0. 1~100 nm) N A48 K B4R, HETE
Z 3B T SERS-ICA [ SERS 44 K #4 i 2 %
AEQAR M B, FE R T 5t & @ gk iR . R EAH
G (1) S5 S A 04 RTURE 7 (RIS A S AN, SERS 1
5 AE ) 5k, (H 2 AL A AR e AR B AR BE 85 A S
ik fe s MR, & HA SRt RetE R EY
AH 25 R a1 BT A A fE D, {H L SERS B iR g 7 L
BRES . AT MR — Rl B A AR A e A Y
T 3577 A 2 o AR RS /) 2 18 (40 =B S ik (R IE
FIE RECIR 55 ) R T 5% 4 T8 10 40 K 4% B R 2R o 7= A 1Y
“HROS T RN B 5 P = fF 5 . 2016 4F , Maneeprakorn
SR 6 R A T A i B R R T ARy S
HIERTE & 40K 2 (Au NS) , W& 2(a) ii7R . Au NS %
AT AT KA SR 14 AR g 45 4, — T 1T ] LA osl A fi Ak 4t
JE &5 A B 18 A7 B0 , [R) B sk 2 21 vt EL AT AR 38 (1) Ha
Yy i s e, o] L= A s i) SERS 5 % o Bl 2(a)
FIE 7R B REEE AR =0T UL (UV-vis) W65 7] % : Au NS 7E
598 nm &b ;= A — AW, 248 RS 4 T 4-E R R
B 1 (AT P )B4 i L0 i e 8 S 2188 %2 608 nms 4 it
& 5 Au NS-ATP 85, Wi i FF IR R4 #% =
616 nm, X425 L B ATP AT B 2 & i 76 Au
NS b Meah, #F 58 & 8 B 1 I & B A% -7 45 44 1 40
KM EHE R SERS 385 JE M B, 2018 45, Jia % H
FH A7 1 TR 058 D vk A 4 R R g g Ok R
(Au@Ag NPs) , W& 2(b) i 7R , Au@Ag NPs Hb B4
RS A Au sk Ag 1 43 BCPE B G PR R AR e, R TR
4@ 2 18] (R A R E — 2B B 5 T Ry IR L 3
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PN S 25 4 5 T 3L A R T R SERS R 45, i
I v 7R R AR . fh B 2(b) TR B OR R R R
UV-vis Wz W 3% a] 1, Au NPs 7 525 nm &b — > Bl
iAW 0, T AE Au NPs £ iU — )2 Agre)a , Hk
Weig %tk ¥ %, (5 Au/DTNB@Ag/DTNB (% UV-vis
%S Au@Ag/DTNB 1 —3, RITE AgFe Wik A—
25,5 - AR (2-A HE 2R R ) (DTNB) JF A 5 1
Au@Ag NPs W i i 3% K o 2019 4F , Deng %538 i
£ Ag NPs R MR — )2 TTHLM R Z A ARk (SIO,) §l #3
Ag@SiO, Z-FE g MRE, ME 2() iR . i F7 )21
Si0, B A 27 115 R OG2% 3 B 7k, BE AT DL S 5 Ag
NPs P RE P, WA 5200 Ag NPs 7R B 1) 4k 24 14 i i
B TR ILIRIE M R 5 T Ag NPsTEAN R A= P b
AR TR . WE 2(e) Bia g UV-vis Yeitk il LLE
B R Ag NPs 78 414 nm Ab 5 350 H — AN 2 AF i i
U ;4 Ag NPs 9 4-Fi L 28 R (4-MBA) &1 5, i T
P15k 3 FURE R} 2% 1A 5 9 A8 Ak IRl B B B AT
o D380 X T E AN R R FE 5T 1Y Ag-MBA@SIO,

NPs, H W i & A= 218 (417~445 nm) , 11 HLF % 5
JEE R (R 14 o, R R g 0 T RS R Jn B

T AR SR R PR GNOK 0K T B A LS B s SRR
J1 R RSy BT LR IS E AR AR S A B R B
K 5% 45 M 40 K 0K 5 5 4 T A RL R & T T
SERS-ICA [k SERS 2EJiE o 2023 4F , Liu %]
B M W R AT B FhF A K A R A A = B 45k
T4 M 90 K ik (Fe,O,@Au MNPs) , Wi & 2(d) fif 7 , 78
SIS B VE TR L Pk SERS tags 7] LUK H #5 ) A
A2 R RE (i 8 AN SRR A ) i RO B L W
B EA SRR EEEN EARY R ER TS
PR S AT ARSI T B T ORE SR A B T AR T
SERS kil i) R A% . M E 2(d) Fr 7R 19 UV -vis g ik
L E H :Fe,0,-Au seeds 5 Fe,O,@Au MNPs ¢ 4574k
W 5 Fe, O 4 b ¥ & A= B B 21 %%, & U Fh 7 1 4
S ORI A B DTNB B M AT J5 40 K A1 R ) W 1A g e
Qb g K — B, R R A RS RS 4 T B R A £
52 M) 20 K A R R A 6 ) 33 K

Normalized Absorbance (a.b.)

o
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Wavelength (nm)

@

54')[! i !11')) ’ 71‘}1)
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(@)

Bl 2 BT SERS-ICA [y Z 4k SERS 99K b1 KL 35 41 d1 7 5 588 (TEM) U Je UV-vis i . (a) 4 99K 25 (b) 4 AR 7e 4 K
JHORL s (o) A% — AL RE S GN R URE ™ 5 (d) DU 48 Ak = A 4 5 1 M 4 R JRE

Fig. 2

TEM images and UV-vis spectra of 0D SERS nanomaterials applied in SERS-ICA. (a) Gold nanostars™; (b) Au@Ag

nanoparticles[‘m; (c) Ag@ SiO, nanoparticles[‘m; (d) Fe,0,@Au MNPs™

2.2 —HEMKMRE

— YE KRR A M RS ] 3N A 1A
Y i 1 RUSE R TE G0 K RUBE 9 9K B ), an 4 /B 4 oK
B4 AR e (Au NR) 9N 1) FIRS [0 45 R A~ 26 %+
AR i Wi i 0 i L AT LA S K AR L ey e R T
LGB TR IR (LSPR) MY I (E A ZE AL 20 4 XK. 55
Ah, 5B Au NPs M, Au NR U EBR B B 7 &
HL 4 3 1 45 [ 5 0 o A T EL A T A 1) SERS 1 A B
3,00 H H R A K, 2020 4, Lu 2550 ) B 1)
A KA 8 LSPR B F 785 nm #J Au NR,

TEM EHZ W& 3(a) iz, X 5 A48 WA A K I 5 19
LT AMNBOR D — 3, i — 20 4R T T R B R AR T
HARBE A THEYFEART 5900 T AFRKAELL
1) Au NR [ UV-vis i W& 3(b) fr o , 4 B AS [6] R
M Au NR 1) LSPR g {H i K 43 5 24 690, 740, 785,
825 nm. JH A A ¥ 19 DTNB X i% 4 # Au NR #F17
8 7 AL 3T D = A5 S g5 SR A 5] 3(e) ok, AT
DI 3, Au NR-785 1Y SERS {5 5 5 JiF J& Au NR-825
B 2.1 4%, J& Au NR-690 fil Au NR-740 1) 3 f% . Au
NR-785 X — 1 5 () SERS 7% ¥ 7l 9 [H F Au NR 1) %5
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BT URRE A RN 7 A Y e 2 T 5 T 2 IR IR 1
(SERRS) ML . Lu%§E " if 7E Au NR #2181 L 7 — )2
A LT AR PR PR3 58 DT 58 T b RE A RS 1
W se T HAR B 2 AR A R Y . {H Au NR A
CH O A AE P, SRR BRI T B AT A S SRk
B 20194, Khlebtsov 286 47 8 7 454> F iy AN 7%
90 KA R e A ) B 5 B2 bR 25 (GERTs) , TEM &
BanE 3(d) fis o 15, B st R A Sk
HAuNR SR W7 2 45 43 F W 7E Au NR 3R T,
FLAH O E—)2 45, Wi 155 GERTs. Fri
%) GERTs {5 %5 9 B vl 35 10" 4%, tbhr 2 5 o+

£ 435 £ 17 H/2023 F£ 9 B/RFFR

W B 7 4 B8 AR 2% T P bR 28 R R — R
L AL s s R I € vl B I D 8 £ el £
SERS i i AS 32 40 K ki 7 5 4 ok i B 45 (R B &2 . 2
& 3(e) i 76 Au NRALE — )2 &7 5, H 4 2 1 ik
M 830 nm ¥ # % 550 nm, £ GERTs & it ¥ & B .
2019 4F, 5K B2 75 28R FH AL 2238 Bk LIPS IR — 4 h
M SR A R AR AR B R SR AR R AN KA L A
RGN KA HR 98 K Wik (CNTs/AgNPs) & & 88, H
FH B 03U (SEM) BHg n 151 3(D e . 15845 2]
CNTs/AgNPs % % £+ 6G (R6G) ) SERS 14 4 [H 7
(EF) R 1.5X10°, BA7 450 /) SERS #4 5

(@ (b) 04 (c) 20.0k
AuNR
785
0.3 —~ 15.0k-
3
s
8 z
@ - @ -
£ 02 2 1o
£
E g
0.14 E 5.0k
o
0.0 y y y 0.0 r : :
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e
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@ GERTs

550 nm
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830 nm
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Wavelength (nm)
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P13 BT SERS-ICA [ —4E SERS 44K #1 kL1 M 8 £ AF . (2) Au NR (1 TEM EIMZ s R A AR LAY Au NR (9 (b) UV-vis i Fil
()P GERTs B9 (d) TEM EIHE K () H— AR5 5656375 (D CNTs/AgNPs # SEM &l {3
Fig. 3 Characterization of 1D SERS nanomaterials applied in SERS-ICA. (a) TEM image of Au NPs™; (b) UV-vis spectra and
(c) Raman spectra of Au NRs with different aspect ratios™; (d) TEM image and (e) normalized extinction spectra of GERTs";
(f) SEM image of CNTs/AgNPs"™

2.3 THEHKRAR

THEGOK M RL R TS MR AR 2 (R 3 HE R TR 24
Y BE A RS R TE G0 K RUBE Y B 9K b RE T A L
AL BH A . T HEGOR MR E A IR A0k B R
TR EW ARG R B i SERS i Y
T — BT E Y. 2021 4F, Barveen %R HOG B
Ji 5K Au NPs & 4 76 ik 1L 8K (TiC) —4E g0k 7 1
(TiC/Au-NPs) , i 1 £k 2% F1 6 6 AL 1 (%) By 15 4E A
R4 P8 RS> TR 255 . TiC/Au-NPs
TEM K& an & 4(a) fr s, 78 TiC M ) Au NPs 44k
18] BRI R T RGN, H Au NPs (977 7E i TiC (19 3%
T R OREL AR |, 2% 1A R B S 49 O, DA AT L 2 A B 2 (1
ST o Bl 4(b) TR R TiC/Au-NPs 1 8 & 25

X S (EDX) Y3k, o LA & 75 3] TiC/Au-NPs [ %
M AFATE Ti.C I AuJCE , KW Au NPs i 45 57 TiC
Gk B . 20224F, Shen ZW VR W 4 Fp FAEK A
B 4 e I AR SR IR (GO@A W) Ak |, an ] 4
(PR o AR ARG R EC A S 250, iE
AR 2w B, o] DUREE £ 0P8 )4 4> 1
ARG, DA B 5 T PSR AR B8 1 A2 BT IR AR A K
M EEHLE2MES ;GO BA K I A HLA 22 914 Al
SR K A BCME AT LY A R B R O R B E E bR
K I 4y 1 2, 7 IR 4R 4% BRI 35 GO Y fh 24 18 ok
HLH 55 4 0 A8 38 8 A% ] B2 L 58 T AU 19 SERS
G5 WE4(d) R, & E GO@Augik F i UV-
vis JEi% A7 M 556 nm 2185 2 621 nm, £ W Au e A9 H 4B
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Au NPs HA @A R . 2020 4F , Liu &5 42 H —Fh
BT 4R IS (M Xene) / — i AL 41 (MoS,) @Au NPs
B = JCAR 2 B B [A) A SERS B R, B H A By 3
AN ERAE $r 8 (XF T MoS, (1% 382 em ' #1402 em 'L
M MXene [ 611 em™") #3525 & A hy 3 o 9 47 46

(®)

¥ )
300 nm

M, 28 vk L4 O B AT 35 0.9995. MXene/MoS,@Au
NPs i) TEM E 1% 40 & 4 (e) i 7, i 2 K 0 69 A il 4%
HIEE A R TR R 2.2 nm B9 Au NPs #)4) H 2545 Hl
[if] 7 7E MXene/ MoS, K M, JE B T Kt SERS AL,
WERGR TG TR EE S

300 400 500 600 700 800
Wavelength (nm)

Fl4 R SERS-ICA (9 — 4 SERS 49 K M R M RERAE R . TiC/Au-NPs iy (a) TEM EI% K (b) EDXOGHE ™ s GO@Au 4K J
i (c) TEM % K (d)UV-vis 3" (e )MXene/MoS,@Au NPs B TEM [l 14+
Fig. 4 Characterization of 2D SERS nanomaterials applied in SERS-ICA. (a) TEM image and (b) EDX spectrum of TiC/Au-NPs™";
(¢c) TEM image and (d) UV-vis spectra of GO@Au nanosheets""’; (e) TEM of MXene/MoS,@Au NPs"”

2.4 ZHEGKAR

YR B L SR AR M RHAE 25 (8] 34N 4 B Y RS
ANFEGK RBE NI GR A RE . = e 9K AR K 202 L
YRGB B A SRR O 2 A 2 A — 4R 0 oK B R AR
B o LA RGN K A R R 40 K ] B i 45 1 = 4k SERS 3%
JE  HL A AN AU AE KT O 1) 9 4 40 oK kL 22
[, A A7 7E T 188 55 1) (8 4 K 0k =2 (8] SR, H i
© 23 (19 T SERS-TCA 14 = 4k 40 K b L 4 /b
2022 4F , Wang %" DL Z4EG KM RE GO I e T
Fhr A K fE R WA K — 2R 4 kA E
GO@Au, 38 if # A7 T A/F B K & 30 nm 19 Ag
NPs [# & £ GO@Au 41k 7 1) PELZ L, DLk 153 =
Y R SERS 4% b7 & (GO@Au/Ag) , H: TEM K%
W ES(a) BT o B 5(b) BT 7R (7 oG 2 e 5 25 5 36 W
GO@Au/AgHAK R 2 E Sk (C) A (O NES
Au Ml Ag BIAMSEA N . GO@AU/Ag 48K F 15 &
BRI S 5(e) Fn , GO@Au/Ag 4K A i) Aufil Ag
FF BB R 0.5 nmo 55 48, Fr il 15 19 GO@Au/Ag
HA R R m UM T £ () SERS“# 7, I 5 %
FEAE SR 9 SERS {57 45, JE 1 2 /5 SERS K il 19 & i
J# . Zheng %R AR B 7 4 K 7E GO@AU Y
FE 1 30 nm Au NPs, #1335 F GO 1 = 4k & 94 K

i (GO@Au/Au) , H: TEM E % a0 & 5(d) ff s, $1 &
ik K 5 (e) fif s . 5 GO@Au/Ag 44K F 48 1,
GO@Au/Au k2= et , A5 kA E b,
i3t A, GO@Au-Au Xt it %5 4> F DTNB 9 EF &
3.54 > 10°, SERS A9 3 5 P it & 5% . 2020 4F |, Singh
SRR AT B K FAES A = 4 MoS, 4 K 48 (3D-
MoS,) , Lk MoS, 44Kk |k At , 76 AN [R] 5 W st (| AT
PLARAS H AT A ) 2 1 AL AY 3D-MoS, 48 K A6 . [ b i
6] 4 16 h B} 175 19 3D-MoS, 44 K 16 (1) TEM &% 4n %]
SO IS, 91K 0 HE B 72 B 5, T R T 55835 4 1 48
KAE . 3D-MoS, 44 K {6 7] &k 2 38 5 b = )5 110
SERS {5 %5, 1 H. H: % 1 FLUnT 3 (4 55 % £ H: 5 Y8
L5

3 SERS-ICA AR a4 #6107 FH

AR, SERS-TCA $ A RUH: 55 R, = 5 55 Fn ]
ERGI AR, B TME RS A HEE
S 0@ GE ARSI S H AR B I P A . SERS-
ICA YK I I F2 32 2243~ 4 A3 4« SERS tags B il
G AUA I A e ARk b a R SR ROy Mt AL
SERS 15 S W RERM . WE 6(a) iR, B, £
Kb R A B AT R AR RS (S S A BB R T (R
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Fig. 5 Characterization of 3D SERS nanomaterials applied in SERS-ICA. (a) TEM image, (b) elemental mapping image, and

(c) simulation model of GO@Au/Ag""; (d) TEM image and (e) Raman spectra of GO@Au/Au nanosheets"”; () TEM iamge of

3D-MoS, nanoflowers

HBESERS %), 45 A& Fr 7 0 U0 ook Can b 4k iE
B 155 ) 345 SERS tags. #f bkl 149 SERS tags ii%
A 4t A B b O 48 A R AR AR AR B X R A B R R
mn A ONC IR (IS U A o 48 28 TR 0 28 ) AT I i 8t 2
B AR AR IS MR b, &8 VI s B3R AS v F Pl e
Kl () SERS-ICA A& . W& 6 (b) BT , 4 4 i %%
TR 0 e AR A5 R RE S AR T RO B AN 1 B9
T 1A A B, AR P AR A I (target, 1L-6 I
PCT) 5454 8 | ) SERS tags & /& 5 5 M i 4 3k iz
NI Y target-tags IER W . L RIEE Y4k sE
i) BT AS Bl , 224 90 20 A6 0 £ e G 0 2 Ak 91500 40 7 0 A
PR S5 PR H bR A DU, 0% e s G W 1 A
RS 2 Ak A o b 1 G T A 1) e R R v T O R 1
RGP L | 25 5 ER I 28 I i SERS tags it
%, MR, FE A& B AR AN 2 T8 B
target-tags e BEE A Y, AL HL , SERS tags A& B
FERE I 2 b o A BB AE S IR A £
SERS {5 5 #E47 R 4 , AR 4i N [R) vik B B b K 0 42 %) 7
) SERS 5 J& 22 il b 1 LA i 26, DT AT RAX 55 A oK
MR E A I 1 A A R AT v R A
3.1 EREES SR

PR R Y (1895 B G T T 90517 9 9 D 38 S 11 R
i FH B, 20154F , Zhang %% T — R 2 1k

[46]

MR Au NPs ¢ 5% SERS #4541, I I F 4 3% J2 46
KIAFHE O157:H7, anl& 7(a) fr s o %5 R A2 2
10k Au NPs BURR AL 48 09 i 1k 4, X K #F 1 O157:
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I N S T VAN S T Wi = R e I A Sl
(MGITC)fE & SERS tags. SERS tags B n] Lk i3 W
FRGH I e - 7 B0 €572 Ak ) 20 5 M A A o A R )
BE i8] DL 2 4 B R I £ 1 9 SERS 15 5 98 B Ok 5
AP E RN A0 B R % TR R I R () e (AT
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HIJR AR B L 0 9 B9 PG 307 17 RN o 9 28 A B 19 LOD 43
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R RS R I E 7 () BT R . LA SO, B, F
FAFpF A K fe R w4 il — 2 & 5%, I B4 U2 hir
254 F DTNB, % U RE AL ki 1 — Jr 1 o] DL fIt o
5% 1) SERS 155, 79 — Jr T v] LA L 2 19 5 i i 3t
W46 1R B AL A5, T4 = B sl AR e T . i
W77 2 AT 78 15 min P 58 B KB #F 5 O157: H7 [ K
M, LOD ik & 50 CFU/mL, i H.7 A KK 205 R
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Fig. 6

Schematic of SERS-ICA for the detection of IL-6 and PCT"". (a) Preparation of SERS tags and assemblely of strips;

(b) detection principle of SERS-ICA in the presence and absent of IL-6 and PCT
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Fig. 7 Schematic of SERS-ICA for bacteria detection. (a) Detection of Escherichia coli O157: H7 via SERS probe based on
hierarchical flowerlike Au NPs™; (b) detection of Yersinia pestis, Francisella tularensis, and Bacillus anthracis via SERS probe

based on colloidal Au NPs"; (¢) detection of Escherichia coli O157: H7 via SERS probe based on SiO,@Au NPs™,

(d) detection of Szaphylococcus aureus, Escherichia coli O157: H7, and Salmonella typhimurium via SERS probe based on

GO@Au nanosheets"!!
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VERE . 1516 4 B0 BRIE 40 K b % AR T it — 4t IR
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PR L AAAE R S i — B B3 T SERS 5 5 .
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Fig. 8 Schematic of SERS-ICA for virus detection. (a) Dual-mode SERS-ICA for simultaneous detection of HIN1 and SARS-CoV-2
virus"; (b) detection of HINT virus and adenoviruses via magnetic SERS tags based on Fe,0,@Ag"™; (c) detection of

fumonisin B1, aflatoxin B1, and zearalenone via 3D nanosheets tags based on GO@AU™: (d) detection of six mycotoxing via
multiplex SERS-ICA strips"”
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B REEERSN ., BRI microRNA-21 W IF A%t T
P & & DNA 5, Horh — A 38 i 6 i -4 40 5 /R
I TE Au@Ag NPs |, &4 2] & J¢ DNA 54 ) —
s B AR B & TR R e 45 F B SE I Au@Ag NPs i
TSGR EE R E MRS YRy h&a
AR microRNA-21 B, K& Je 25 1) i, A2 W) 2% 9l B o2
ok, H o2 fil & CHA 9% 8K I B, K 3% #: 78 Au@Ag
NPs AR BGE R AHAEYR SHEEME
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254, IR T HIV-1 39 8UEE DNA (dsDNA) 9 =5 R
BRI, an & 9 (o) i o il &5 A R LY SERS
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Fig. 9 Schematic of SERS-ICA for the detection of nucleic acids. (a) SERS-ICA for the detection of HIV-1 based on MGITC-Au
NPs"™; (b) SERS-based lateral flow microarray for the detection of respiratory tract infections™; (c) CRISPR-Casl2a-based
SERS-ICA for the detection of HIV-1""
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Research Progress on SERS Immunochromatographic Assay Technology
Based on Novel Nanomaterials

Liu Zhenzhen, Liu Xiaoxian, Sun Yansong", Xiao Rui’
Beijing Institute of Microbiology and Epidemiology, Academy of Military Medicine, PLA Academy of Military
Sciences, Beijing 100071, China

Abstract

Significance  Developing an early rapid and highly sensitive diagnostic technology is of great significance to the
prevention and treatment of diseases. However, current detection methods require tedious steps, long analytical time,
high cost, advanced instruments, and skillful personnel, even with high sensitivity and specificity.
Immunochromatographic assay (ICA) is currently recognized as the most promising method for point of care testing
(POCT) due to its portability, simple operation, low cost, and short detection time. However, traditional ICA is judged
by the visual detection results produced by colloidal gold nanoparticles, and can merely achieve qualitative and semi-
quantitative detection. To overcome the disadvantages of low sensitivity and non-quantitative detection, researchers apply
PCR, fluorescent probes, and surface-enhanced Raman scattering (SERS) to immunochromatographic systems, greatly
improving the sensitivity and quantitative detection properties of ICA. SERS is an excellent analytical method with high
sensitivity, against photobleaching, narrow bandwidth, and multi-channel detection.

SERS-ICA is the research on cutting-edge technologies and has become a research hotspot in related fields recently,
which combines the advantages of SERS including high throughput and sensitivity, and ICA featuring simpleness and rapid
speed. SERS immuno-tags prepared by nanomaterials are employed to replace the traditional colloidal gold nanoparticles
and can provide SERS signals for quantitative detection. SERS immuno-tags are mainly composed of three parts
containing noble metal nanomaterials (e. g., gold, silver), Raman report molecules, and specific recognition elements
(e. g., antibodies, aptamer, nucleic acids). Notably, Raman report molecules are adopted to provide the characteristic
Raman signals, and their SERS signal intensities will be greatly enhanced while approaching the rough surface of the noble
metal nanomaterials. Additionally, the specific recognition elements are applied to specifically recognize and capture the
targets from the sample solutions. Quantitative detection of SERS-ICA is achieved by collecting and analyzing the SERS
signals on the test line of the strips produced by the intercepted SERS immuno-tags.

Progress High-performance SERS tags play a key role in SERS-ICA detection. Many studies concentrate on developing
the nanomaterials with high density "hot spots", and improving the SERS signals by constructing multi-dimensional and
high-density "hot spots" on the SERS substrates. To improve the detection sensitivity, in recent years, researchers have
synthesized the SERS substrates with strong SERS enhanced performances by designing and optimizing the particle sizes,
morphology and structures of the nanomaterials (Figs. 2-5). Raman report molecules and antibodies are successively
conjugated on the SERS substrates to prepare functionalized SERS immuno-tags. The as-prepared SERS immuno-tags
can specifically capture the target antigen to form the immunocomplex of tags-antigen and migrate on the ICA strips by
capillary action towards the absorbent pad. In addition, the detection antibodies precoated on the test line of the ICA strips
can specifically identify the target antigen and capture the immunocomplex of tags-antigen. Therefore, visual band and
SERS signals can be found on the test line due to the formation of antibody-antigen-antibody sandwich composite
structure. Then, the SERS signals on the test line are collected by the Raman detector, and the calibration curves of the
SERS signal intensities and the corresponding concentrations of target antigen are plotted for quantitative analysis of the
unknown target concentration in the sample. For improving the detection efficiency of SERS-ICA, researchers have set up
multiple testing lines or testing dots on one ICA strip (Figs. 6-10). Meanwhile, based on the characteristic Raman
fingerprint spectra, different Raman report molecules with uncrossed characteristic Raman shifts are modified on the SERS
substrates to distinguish different targets on the same sites and this feature is applied to SERS-ICA (Figs. 8-9).
Moreover, the as-reported integrated multi-channel immunochromatography reaction column greatly improves the
multiplexing and automation detection properties of SERS-ICA (Fig. 10).

Conclusions and Prospects We briefly introduce the basic principles of SERS and ICA and summarize several different
SERS substrates for SERS-ICA and the application of SERS-ICA in different detection fields. It is of significance for
increasing the detection sensitivity of SERS-ICA to improve the antigen-capture ability of the SERS tags and SERS
enhanced properties of the SERS substrates. Finally, the future development trend of SERS-ICA detection technology is
prospected.

Key words surface-enhanced Raman scattering; immunochromatographic assay; point of care testing; multiplex detection

1712003-14



	1　引        言
	2　应用于SERS-ICA的SERS基底材料
	2.1　零维纳米材料
	2.2　一维纳米材料
	2.3　二维纳米材料
	2.4　三维纳米材料

	3　SERS-ICA技术的检测应用
	3.1　在病原菌中的检测应用
	3.2　在病毒检测中的应用
	3.3　在毒素检测中的应用
	3.4　在核酸检测中的应用
	3.5　在蛋白检测中的应用

	4　展        望

