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W E BT (Enzyme linked immunosorbent assay , ELISA )V h—Fh 85 A G e /o s, B
ArE RS EBOME  BRAEREAARBR SO0, S IZ N TR I | A DL K BT 12
BT84, SRTAT, AT 32 L 8 0 LR A BRI, (548 ELISA AR R U ELIR & . S T et [al il BiFo
B R T Z BRI FR . Hoh SO0 th T HA R U R . BRAERT B LU R o PR SO, 5
BTz, HET, 2RO 2 T ELISA  f2#F T ELISA 7E50 0T A 2= FiA= Py By 7 ks
WA R o ARSCHEMN AT BINT T BEARGORRLT . STRYOKREM & T 8 F 0O B E
ELISA R HIBRICRERAE] A0 1 ABPEDERR I . R S (L B S5 B A D R iC gAY ELISA 3R T
U FAERS A BHEAD G ELISA J7 T AR SE #E R | Jf X HON FH AT 5 & R ST TR,

RIS M s SOUKIN; B PRiA

TR S0 328 W BFF 3BT (Enzyme linked immunosorbent assay, ELISA) J& B b R s bR gs & 7 B AR 2 ik 3R
T80, AR R4S G DL BT BB B iR 10 0 R AR5 e I & AR 48 S g, S 3 B AR
RGN F) S8 3 BT 5 i o ARG ELISA G0 R L 8 07 AR A5 54 th 7 =X, an7E AR i 8 AL P 8 (Horse-
radish peroxidase, HRP)ff{k 3, 3", 5, 5'-PUH FEIK KL (3, 37, 5, 5'-Tetramethylbenzidine, TMB ) . {7 [ i
H, HRP/H,0, B AL TC ) TMB A5 (48 A=) oxTMB;  7EBRPERERR I (Alkaline phosphatase, ALP )4k
X FEA LR (p-Nitrophenyl phosphate, pNPP) ) 8 (8,52 i, ALP 4 TE ) pNPP /K fif by 5 (0 (%
HFEZR W (p-Nitrophenol , pNP) o SR, Kl RABUEEAC . JEYIFE R 2= AE 5 T 05 [ PR ] 13k 46
BT 6T H ELISA J7iE iyt —P ki . W58 S XA R0 B FH 3 5T A& 1 AN TRl el 75 2 , il an
KD, P8 ARG R SRR BB NN (55, SO T A Iy b
(1) ELISA MR £ i 1 A Y 22 505 S fEmf e, Horh 90k PR H e R AR L Pty 1 S5 L 45 S 1)
2R . RO BRI/ NG . REBRIUKRRLT . SRR S5 B T ol
JEELISA, ASCRGHLEE T AR GO UM BHERM HER AL ELISA J5 1 (BT #E & AR BT bR iC B
ANIF], G3 I RT BT AR E AN ELISA U SEmE  JFX5 5 T2 R ELISA 1Y A& SR S HTHT
ST TS,

1 ARIRIAEREENELISATS

F e ELISA R S GA BRI 43 R 36 T 2O A MUV BEARIIKRRLT . &R 9KT%E
I SiHY ELISA 555 seAh R4 AR IC AN [R], ORI 43 ALP . HRP AU B BEVE A5 10 1Y
ELISA %5 (1),

1.1 ETFRAFHNSFRELISA

AN F G0 4-H BRI | 5 AR OGRS, AW 450 . TG 206U . &

N7 R A SRR R AR R SRR 8 2 B T AR D ok . e = 9K Bl s 5 9
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K1 JETHOEIR R B ELISA HUEA R ZOUA R IR ICEE > 28 75 2
Fig.1 Tlustration of fluorescence enzyme linked immunosorbent assay (ELISA) based on different fluorescent

materials and labeled enzymes

IS, B R B A DN T OO 5 ISR 9281k, AT T ELISA™ ., Bedh, B ML N
THFOCAIE N R E S R K SR i et ] DI 31 ELISA b
1.1.1 KALP{EAFRICEBHIELISA

ALP T 25 I YRR Bl . XUBRIRER AN 2 BRI Eh SF BRI AL G Wy rh O BRR JL 141, J2 ELISA rh—Fhi
FHEIRRCEE . 40 ALP AT KA ICHE A 4-F ST BB IR R A BRI L A, 7 2 AT Y 4-F IR
TR, C TR IR ALE) ELISA iR & . I6Ah, ALP b FT3RKf—26 1) B 1) Ak 2 S A iR 9
7, 0 TR ELISA . ALP K JIC 40 1) 2 SRR 4 A6 i8] 48 — 1%y , 5 2 121 (Dopamine, DA) & Az 5%
YESUN AR B Azamonardine, MRIEIZ SN FEEE , Zhao %[6%@@7#*4‘ ALP fil % 69 545 A i Azamonardine
B ELISA 73, RO WUVLES 2 1 1( Cardiac troponin 1, ¢Tnl) (E 2A) K FR A 0.04 ng/mL, HIET
4-H FEATE I ) AR U ELISA 38455 & R H BRAH 24 . [RIAELL Azamonardine B92¢ G MEEIAE 5, Zhao fffm
TP T — P AR R 2 O EEIRIE TR — 40 ALP IR BB ELISA . SR1NT, 73X PR ELISA ]
HILERR N FINS Z AL OB IEREIR — A& P BRI 2% , A2 W WY ALP B bIEY . iy i AL eI
IMLFR-2-WFRTE (Ascorbic acid 2-phosphate, AA2P) 812 FIfE ALP )™ . Zhao %L AA2P /49 ALP
FEY) , FIHBUIR LR (Ascorbic  acid, AA)BYIE #5288 —_ % (o-Phenylenediamine , OPD ) K7 , Jiit
B A R TE A OOG(E S IR AT A4 (41 2B) , FH TG DU 1L 3 v ) FR R 8511 (Alpha fetoprotein, AFP)
i MY 0.5~40 ng/mL, 4G HBR A 0.21 ng/mL. 37 WG I L TE AR 5 10 45 5 5 36 F pNPP 1Y
ELISA 3857 & AR I Z5 R M) 45 o

— BN T IO TR B TR AR P BIME T A LN T O AT R ik b
SEHETK T A B e T T TAGEE AZEE i 5 5 ELISA . Chen 25O F] ALP /K4 pNPP 72/ 1F
BERRAR , W2 Ce™ P KA EG S R IOL, TR T — RISl AFP A95EETF IS A4 ELISA (18] 2C) o Kl AFP
PR 0.2~1.0 ng/mL F1 1.0~4.0 ng/mL, ¥R 0.041 ng/mL, Rl il 54 i 9455 5 5L T pNPP
AFRIE ELISA 350 @A I 45 R — 2.

RIS PR T B RO B S A LN 1B B B R e R AR NE KB . RS T ROt
(Aggregation-induced emission, AIE)#EMEA RIFAOERE AR SR | nlVE A EEH 7 ELISA /Y
FrE IEAN, S T ORIESE IS5 SR AR 1 | B S PR S AR AR B 1, 245 S ) ELISA 2 —FhEir iy
PPk, AN Xiong 25 LI ALP SARICEESTT T —FORUE 540 H 09 H6-28% ELISA, I & AW 75
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Fig.2 (A) Schematic representation of ELISA based on the fluorogenic reaction between resorcinol and
dopamine (DA)W; (B) Schematic diagram of ELISA based on the fluorogenic reaction between ascorbic acid
(AA) and o-phenylenediamine (OPD)M; (C) Schematic illustration of ELISA based on phosphate triggered
fluorescence turn-on of the calcein-Ce3+compleX“07; (D) A dual-channel colorimetric-fluorometric ELISA based

on aggregation-induced emission (AIE) and localized surface plasmon resonance''"’

(K 2D) . VR PRI IR TR T, St eSS & ALP, ALP KIFICOOGRIEY) , 7k
ANEETF K ATE 724, R 2B 0T SRR EER T, K BR A 1.4 copies/pL. 7F LB IRPIHY
JKAFE AT AR BHA SR Ag® TE 4 A K 0kE (Gold nanoparticles, AuNPs) J& R AR 20K 58 , i 1 70 46 o 1 e
YR N  A= BH Ba AR Ak LR HE BR A 868.4 copies/wL. ZE I REEASKS I | 55 v 58 6 T 2 S i
SEIALL 1% ELISA MIUERR 2R 100% , I HONTT 225 22 AR Gl LA 3 . 330 oG 1 2 2 R EE £ ] AR
ARSI (R AU ELISA T Ay 5 ARG B2 (3 14 7 o
1.1.2 AHRP{EAFRIZEERIELISA

7E ELISA w0, S8 ibR 0 B 04 5 A M) TR s R, 3 v R 0 STk, By KA 2 i AL
PR G A B 5 67 3R B 7 A9 KR RE (U G KRR | T 0 KO AR 20 A 145 ) e A T 1 28
PR BB A ) 4 AR P T R BE £ 19 HRP FRicd , 98 ELISA AR H BR H A4 4% ELISA [
ET 3.5 45 (8 3A) 1, B2 KA ELISA J& ELISA (4% UL | LA 45 10 (a7 BRI 58 508 2 25 i, 11
HRlETm, BaZ N HERIGN T, 26PN IERNY (Inner filter effect, TFE) S8 1A F8 HR KGRI
DB L 8RS, FBEE A RO IR R AR, R —Fh o WO KB, FeT9¢
I IFE , % 28—} (p-Phenylenediamine , PPD ) #{ HRP/H,0, &AL A4 7= ¥y FE 1 5 1 SL 08 BB A RO Ko R K
Pt FETHIFI, Sun 2R T —FF HRP filh & 0978 CHE KR ELISA (18 3B) I T4 AFP 46 H R
4 0.05 ng/mL %7715 REERAIN A2 1E 55 A LIS 5 20 e JE S IS ) AFP MR EE Rl 25 S 5 36T TMB
fIkRiE ELISA 187 & —2.
1.1.3 ETFTHERICEELISA

b T i FHEYFRICESE HRP F1 ALP b, HeE il Qs 25 b (L (Glucose  oxidase, GOx) , AJE 4 5P
TR BB 4K bR A 8 ELISA . Jiang 2515 LU GOx WARICHESE , {4 Si0, 120 Au@Ag #5294
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@ —CAI2S N C ‘ i i (eniizen)

A Ex: 320 nm; Em: 404 nm antibody
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Y ~— HRP-tagged secondary Ab CONVENTIONAL ELIFA ™" : HRP-conjugated streptavidin
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KM ELISA 758

Fig.3 Schematic diagram of fluorescent ELISA based on (A) horseradish peroxidase (HRP) loaded on gold

nanorods > and (B) fluorescent inner filter effect caused by Bandrowski’s base '

KEERG T )X HTS R TR (Prostate specific antigen, PSA)#E1T b (/28 60 = H A Y ELISA.
TEDERA | GOx AL FZME (Glucose, Glu) =4 Hy0,, %] Au@Ag@SiO, FAVAR)Z , BRI Ag™
Ag - POCAREHEIR , D5 SR K PR M 0.1 ng/mL. XA H (5 540 A ELISA 7EAH B AR
W EAT L N FHAE

BEE PR A 22 5 S LR BRI T HCSE BRIV . oK — 2 BAT SR PR 4 K AR o) AL

BALRCRE . AR IR AL E VRS0 3 h ELISA AR EHRAL T bkl Jiao Z51 7RI Au@Pt 4K

ARG A EE TR . L ERZEE 3 B S5 i ELISA . 3X 3 FiCar BRI T Au@Pt
YRRLF BEIRL . OPD Ak H 2,3- 2 JEW I (2,3-Diaminophenazine, oxOPD) [ Lt 145 LA S oxOPD
PEI I s5.(Carbon dots, CDs ) ZENGIETR (] 3B) o ZEDEIEARHT, Tl K HBRATKZE 0.056 pg/ml.
1.2 ETFUOLEmRMK R FHIELISA

—SERERR AT BHE 2 IR SOMIGEAE T o] & AR A2 SO, A2 i EREGNK AL F- (Silicon nanoparticles,
SiNPs) @} CDs. & FiX 4L SiNPs 5, CDs 2655 I MU T A B le i rF- 55 o SiNPs 3, CDs RiARH 4
1~10 nm, HAGFHTOCIERE . SCRaE . WA IERRTRIE"S . ARG R Sk
TS LAY RS ARG . TG R BT P 2 W 45 ﬁiﬁﬁiﬁ?iﬁ—ﬂ%ﬁﬁﬁ o
1.2.1 ALP{EAFRIZEEHIELISA

X2 1 (Hydroquinone , HQ) F1XJ 2 3E K 3 (4-Aminophenol , AP) W] 5 & g i)tk b 707 & A b2
R RN HQ 5 N-[ 3-( = WV ERESL ) 8L | 2 % (IV-[ 3-(Trimethoxysilyl ) propyl Jethylenediamine,
DAMO) FIFEZE T R = AEZ T RER G Y A . SR, RIS T B 1LY HQ A5 DAMO K6, 4 it
Liu 252 SR RR L0 HQ V54 ALP FOEY) , DAMO ¥R WRAE N R BIVAT , f Sy T — R s A it & ik
REW S ELISA 7535 TR ¢ Tl 25 i MEMEERA 1~300 ng/mL, i HBRA 0.1 ng/mL, AT
K AL Y o Tnl WeEE 55T pNPP AUFRIUE ELISA 325 S 45 51—,

CDs VEAGABREF A R BRI e tEar . AR s . AR B Ag 0 A= W A 25 1 45
4522, Dong 251 LT ALP fil & CDs %8615 ST, JF R T —Fh I T4 42 W1 4% (Adamantane
AMD) 354 R ELISA 773k (K1 4B) o #EZ LT, CDs BIDEIET Jo8i MnO, 5K, ALP 7K fift AA2P 774
(1) AA B3R MnO, 20K R PR CDs M\ MnO, 44K 5 RIETRE, CDs GRS o %05 ik nys
PR} 0.035 ng/mL, A% ELISA B4 H BRAS 7 — B 4, vl ERR A IS AL & AMD (19 & i, 78
FTWE CDs 1Y ELISA Ht, CDs (Y2 # AR R 55, BIOF & 638 B9 KGR 2 1% 28 ELISA BFY
FAEE Ao
1.2.2 HRP{EAFRIZEEFIELISA

5 HQ AT AP #H Lk, PPD A9 S b i M 55 — 28 FE R IR T, PPD 5 LM% W% (Polyethyleneimine,
PEDMELL & A 2GRN . HRP/H,0, 7P H 323k H i 5L (-OH ) 23 fili & PPD Fl PEL 2Z [B] Y9G SN, A 1k
BRI ETRANAR T Lin 220K T HRP 75 09 UL B CIRAKA T (9 ELISA (] 4A) , T
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FE ¢Tnl Al SARS-CoV-2 ¥ A5 E 1, K BR43514 0.19 F10.33 ng/mL, A&l ifiL 7 H ¢Tnl A1 SARS-CoV-2
BAGGEE IS AR 55T TMB BYPRIME ELISA 1200 SR 15 A4S RAR TR

TMB, 2,2"-BKZ(-X-3- 2 A TFBEMRIK-6-fifi iR (2,2"- Azino-bis ( 3-ethylbenzothiazoline-6-sulfonic acid) ,
ABTS) 1 OPD £ HL/Nr & HRP (9°F FHIR YD, X LE IR 4 HRP/HL0, LG S e, kT
DN IFE XA Y 2 KM R , BRI, I 675 Y18 IR T AT LA SR A L R A
ELISAP? ) f5if0 | Dong 251 | Fl HRP/H,0, A4k TMB 198 L= K5t CDs , #8 T—Fh T 5E
A PIHT AMD 95K ELISA (8] 4B) K65 H R M 0.02 ng/mL,  HAESE ELISA fOG H FRIFAR T2 10 175, B
A R AP PEE,

A s . B
- o
A e *0.0
tlFE
L oA Y H,0, s &
IIRP-,\M%%"X o \ o v ’
=/ 5 »
Abl §5 “’;f 15
C:;.‘\ntigt-n = -

OD value

Fluorescence

\wr’ Racac e o .
Capture Ab \iisé 3 3 S 3 &

P4 (A)SET HRP i 2 B A PRSEIRAORRE T ELISA R ZEIE 25 (B)IET TMB AL 4 T3
B (CDs) 9 TFE ({97 908 ELISA /R 2>

Fig4 Schematic diagram of ELISA based on (A) HRP-triggered in situ generated fluorescent carbon
nanoparticles[m and (B) carbon dots (CDs) fluorescent IFE caused by TMB oxidation >’

0.0
001 0.1 1 10 100

1.2.3 ETHEMRIZEBAELISA

TERE 5T, AuNPs Al AL AL Glu 7242 H,0,, R IX A AT GOx 1E PEAY AuNPs ATAE M FRic
fiti. ULAL, AuNPs Al @A 7E 2 FLFN/ER R L 3 AR AR AR g 2 1w, ARG B e B A5, i — 2042 H
PRI B REUE . Zhan 2528 FH A GOx I HER AuNPs M BHRICEEF CDs BIFEEI K -TFR i 2
Fa gt 7 —F T g b i s IR F ARG I (4 ELISA J7¥E . 7E1% ELISA h | CDs [0ZOGH Jobl Fe™ K
TEAFL Si0, DRI I F1 7% AuNPs, (EFIZ MR GOx T, M5 FiE 4 EASIIHTIR, HLA Glu MY
IKAEP A2 Ha0,, Hy0, KA CDs N5, 25 LIRS A 0.1~80 ng/mL, K3 HiFR K 74.5 pg/mL,
BB VHEB I 2 it i A8 LT rh s B B A ok B, LA VR A s R I R AL
1.3 ETRAEEMKZENELISA

& BANKFEH LA EILE 2B R FAR, REFE 1~10 nm S FIN . BT RS0, 28
YUK EA DO R ST L SeteE R . Wt R R L IREE DL AR WA A A AR R 8T
BT ARG . AR I RIS P W40 2. 4B ARFE A S A2 M N M L O ot 1 15
SH) ELISA 24 T3l BETIOCABAUKIER ELISA By T Ea RS . BHAS RN IOt
& B AR FIR FH B AR 7 ) 5 804 8 AR RSO R K 5K
1.3.1 ALP{EAFRICHES

P A X 4 JaB AN K A ) B A BB A5 o R Cu®* 5 M s e =2 ) 1 2 R0 7 AR At AA (38
JEAEHT, Qing A0 St 48 T M iR s R B EH 2K 5% (Copper nanoclusters, CuNCs) o 52 2|%¢
CuNCs & I BRI &, Sun 2551 R R T —FhE T ALP filh & 19 A7 4 5% CuNCs 19 ELISA (18] 5A),
FFRMAN 1eGo FEIZITIEH, ALP Kff AA2P A5 AA IR Cu™ , 7E R MRS REAEAE T, % CuNCs
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P i, 2T RSN TeG IR IS BN 5~200 ng/mL, #:HFR J 5 ng/mL, Ak, LA DNA AR ml
TR A I CuNCs B ELISARY . SR TR AR 99t CuNCs Y ELISA HAT RS THGH . ks
FRFHEAE AT SRR R3S, 7RG PRIZ W A A ) B2 24k vb B B R R W T .

CuNCs ZOEARTRRE 255 KA ARR ARG TR AR AL ELISA . AHXS T CuNCs, S 90K %
(Gold nanoclusters, AuNCs ) FIERZHKHE (Silver nanoclusters, AgNCs) B9 G(E 5 MEasE , il | FH AuNCs/
AgNCs BZEEAE S EIE K AL ELISA il 9% IFE, ALP AUBEIE =4 pNP BEASSE K AuNCs %G
FET R 7EAESE ELISA A ML b I AuNCs 15 815 S48 EE, /T IF & ALP fill & 0 K BI85
ELSIA ([ 5B) , F A Bk 5 AL A 534 4 R0 314 0.047 1 0.089 ng/mL. Ak, 5 Tl
THER AgNCs FECHIMG | Zhu %5 P HRGE T —Fa 25540 ELISA , F TR0 i — W w4 R 1
548 ELISA F&AIK T 29 5 1%,

52 Cu? + (‘
A /;Z_Sipo ;/“}q B ? ‘H\’ ‘%

G-

o
g %
bl

IFE quenching

e \ P s
. PNPP &
poly T-CuNPs

> target analyte (antigen)
A

YL - E&EB
: & { BRD-BSA )
\/ 9 ﬁg: - .

mAb  ALP-Ab  AuNCs  Quenched AuNCs

5 (A)SETFRRIERRRRRG (ALP) il B SRR AL CuNCs 19 ELISA 7R BRI s (B) 56 X SRR
(pNPP) K il 4) S5 AuNCs DN JERLRE (IFE) YR K K ELISA 71 7

Fig.5 Schematic representation of ELISA based on (A) alkaline phosphatase (ALP)-triggered synthesis of
fluorescent copper nanoclusters (CuNCS)DI] and (B) AuNCs fluorescent inner filter effect (IFE) caused by
4-nitrophenyl phosphate (pNPP) hydrolysateBﬂ

AN, B TR AuNCs FOZE 615 A R -JT 8 ELISA . Li 2559 F ) AuNCs F1 CoOOH 44K -
FEE T —Fh ALP fil 2 AOPE K -FF 5 78 ELISA , T A dumbk . 710735, AuNCs 578 75 CoOOH 44K
AR K E A ML, T30 AuNC IZE0R B I 2R AR, ALP JKf# AA2P 74 AA, AA AT LIS
CoOOH 44K F, K5 AuNCs %0 %7 XTIk HRBRR ) P B0 il e BE (1Cs0) (60 1.3 ng/mL, RBLEE LUA%
4t ELISA & 60 £ Al ARk, 07K 38 RORFNSES b (it s i) 25 5 5 SR s 1 25 5 — 2K
TERAIZ 5 3 B A S BRRE i itk bk A VB RS . Chen 2557 SiNPs . AuNCs PLK MnO, 44K A, FF &
T ALP fiil 2 B EE T 80K S R GE Y LR 58 ELISA, JHTHI 1-250 . SiNPs (95615 S ES 1

55, AuNCs T8 MnO, 8K . 7 ALP f71E T, AAP ATHAE N AA |, AA PHZI MnO, DIVKE AuNCs
2. S5 ELISA M EL 1% ELISA J5 i) RAUEHEE T 220 %, FRIBUSEAS 0 0 i 235 SR A s R Al
k-SRI 25 AR

1.3.2 HRP{EARIZEBHIELISA

Liu %:m%?ﬁi\%ﬁx&é}%?m*fﬁ(Cold—silver bimetallic nanoclusters, Au-Ag NCs) 2 EHEKIF R T
— b HRP fil & (9 TG F K AR B5 M5 ( Zearalenone , ZEN) [ %R ELISA . $if& FARICH) HRP 75i%
o E M R ATRVER B L RZOG(E 55 ZEN W Rk . HRP/H,0, %4k OPD ZE A% oxOPD , Y
7 580 nm Kb A= 970 | T ELAE K Au-Ag NCs 7 690 nm A8, %77 A6 HBR A 0.017 ng/mL,  HA%
4t ELISA F¥IK2Y 6.6 1.

1.3.3 HEBEARCE

N T AR A RO SRR T AR IS T, Li 25 FHIREG . LA CaHPO, , il i Al
(5 A AR I A TR T — R 2R AL I T iE— 204 3 T F At HRORR 179 35 4 B ELISA . 7Ei%07
P DRI T K A DR 2 72 NHy, NHy 20 P 40 Kok A2 B G CaNCs, 2T IS T bk Hmp 4G , H:
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1Cso 24 0.72 ng/mL, HUAZ S ELISA F#{IK T 30 1%

Wang 25 ““FI ] AuNCs BUZEICVE R A5 5 R R BB E N ARICEE, TR & T — Rl T 2 i 5 7 R
Bl(Aflatoxin B1, AFB1)J[A[#E5a R ELISA . 7EAG PR BAAERT , 202 7E AuNCs 1Y LAF 2 /K il
RIRAIRE , NI RO B AR, AESe 4 OV B NS 2 MR B Rl ¥ hs AFB1 38 inmiaisb , 5 tnm
JEFEE H AR AFBL BEIITTHESE . 1% ELISA #5300 AFB1 fOZREE B4 0.01~30 ng/mL, ¥ HBR 4 3.2 pg/mL.
FIHRENEAE AFB1 ELISA 3557 & , PPl T3% ELISA IUERATE , & BUX PR ELISA 25 R —5, XFha gl
ELISA HAASEE ML . RIS A Fa S o3 (B4 248
1.4 ET3RHEEFSMELISA

HF 4 (Quantum dots, QDs)J&—FPHA FEHRSCHURRE R K B2 53 AYE FE 5 4 1~20 nm. 4
TR GRDOCANINGF, QDs A w7305 . SEmIBOEs . rIRE M A 20 ML B bt e
PEAEO0 S, B2 R T2 I . A B AN BES P I W45R . QDs F TR ELISA il 3 56 T
FROREmE : BEOL ™ W5 S50 AE I QDs FIEAR 4% K QDs I
1.4.1 ALP{EAFRIZEEAIELISA

TERET QDs BIFOCABENMTITIET , QDs LW WABMITEDIR L M T PR . R,
QDs SHUAMRER R 44, IF 455 FEEUARK Z30G M. FIH QDs 5 7 28 i B AL S 2551l
DU EE ELISA , T84 T HiiA 5 QDs FOfHI¢, Malashikhina 25 FH CdS QDs (507 A4 i, Mg T —
Fit ALP fish % 19 ELISA , TR IHT AR 035 F 8 A HTAR. ALP 7K f# pNPP A= sUTCHLBERR £ , JCHL IR $hi
1t Cd* 5 STE T RYM EAE R kAR I A AR A CdS QDs. 3% ELISA AU PR 9 0.4 ng/mL, 3T pNPP
(IFRIE ELISA S5 &0 RS T 6.5 5 X ALP filt &1 QDs A RIS IE A ELISA B4t
TR R
1.4.2 HTEB/EARICERNELISA

DA MIREE =Pyl H,0, BEREHE K —LE QDs 19256, AT R QDs 2155 MM K H#3E T QDs HYJE
K ELISA, 11 Chen 45 I DA THAEILHY CulnSy/ZnS QDs, I8 T —Fl AL JFA S 1945 K ELISA
FH TG B IR 2% 96 BRAE A= WA i) taw 25 11 o 7EIZO7 VA B AR AL DI REfL QDs R DA KA il
TR, 51 QDs IZEEHEK o 12 ELISA J7 K tau 2 F1AIZEMETE RN 10 pmol/L~200 nmol/L, 4 H R
9.3 pmol/Lo 1ZMF5E N tau 25 A PRE AT T RE T 8ri&te .

Lu % fdi ] H,0, 155 QDs BIFOEHEK 38 T —F0H TAR IR B % B1(Fumonisin B1, FB1)
TR ELISA. 24 FB1AZAERT, FB1 SHATE RIS S, S8 FB1 Aric it AL S & B0, AN e
fift Hy0,, 15 2 QDs BARANEK . %I LB R R 0.33 ng/mL, HE L ELISA FEAK T 15 £%. %bF
TR P SO (33 -5 A e — AP UESE 7% ELISA KA T 521 . 1% ELISA 7EHGH . RO L
oI TR B R T T AT — PN T T, O B i R A e R T 2% . R H,0, BEIEIR K
QDs ZECHIFHE | Al i Sr 2R DI IR ELISA | T I U 3 0 AW Ab p-gLekag (i 47 4
AN BEET GOx 437 Glu 7742 Hy0,, GOx WA VE AR TH9 EE L T H,0, BUSH QDs 1Y ELISA T
Fri] AMD R B TR R A4S BARIXSEIETUEE QDs (9 ELISA B L ap kg (02, h T
PERBCRAWR, IR f5 58 M. WA, QDs ST A ESRE T, M A SR A BB A R Z M

2 ZRSRE

BEE B BOR BN | ELISA BORMA TR, P B SO LA R IR O e 2 T ELISA
FORWIRT:, HFZ W e ELISA I h A% TSR] o ARSI AR FIRR TR P A & Rl
PRICHEAIANTE, TEAA R TR T APV T BEBRAUKRRLT | @ QKA 7 R O RHE Y
ELISA . 4 —FoOURHIRAT AR 5 B0, AT 6 BEEE XA R W 75 5 F e A, AN ) A 22
YErH R R

S XL AR FIARIC I A ELISA BUTATERETR B T 006, 398 VF 2 [ B 75 i TR
AT, RZEEHGE AT ZOL R B9 ELISA 755 B e SC e B B , B i AR v RN FH kAT 220
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o M1 1k 2% 551 %

Biti 5 2 K ARG & R AIARIC B AR G HEE | A ke 25 H 30 B 30 2 S A K b k) DL K Bl bR ic oA, s Al
ELISA fRa L R b AL i B8 e JEhtt o [RI , JETFB Rl o IR 2R 59 ELISA Y & Jreth 2 e S i G
T ARSI HESh ELISA BiRA T4k . B REILAME #5208 e | (i H ELAT o T R A0 1 FH A3t o
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Recent Advances on Fluorescence-based Enzyme Linked
Immunosorbent Assay

LIU Guo-Yong', SHI Yu', SUN Jian™, MU Jing"
YInstitute of Precision Medicine, Peking University Shenzhen Hospital, Shenzhen Peking University-The Hong
Kong University of Science and Technology Medical Center, Shenzhen 518036, China)
*(State Key Laboratory of Electroanalytical Chemisiry, Changchun Institute of Applied Chemistry, Chinese
Academy of Sciences, Changchun 130022, China)

Abstract Due to advantages in high-throughput, easy reading, simple operation and low cost, enzyme linked
immunosorbent assay (ELISA) plays an important role in environmental monitoring, food safety testing and medical
diagnosis. However, the insufficient chromogenic part of ELISA results in high detection limit, which limits the
further application of ELISA in analysis and detection. To overcome this issue, the conventional ELISA has been
improved by many methods. Among them, the fluorometric method has attracted widespread attention given its high
sensitivity, simple operation, and fast response. Recently, a variety of fluorescent materials have been developed to
construct different types of ELISA, which promotes the application of ELISA in analytical chemistry and
biomedical detection. In this paper, the ELISA constructed by fluorescent materials such as organic small
molecules, silicon/carbon nanoparticles, metal nanoclusters, and quantum dots was introduced in detail.
Additionally, different enzymes in ELISA, including alkaline phosphatase, horseradish peroxidase and other
enzyme as labeling enzymes, were systematically reviewed. Furthermore, the prospects of ELISA based on different
fluorescent materials were also discussed.
Keywords Enzyme linked immunosorbent assay; Fluorescent detection; Enzyme; Review
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