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Abstract — Enzymes are being used in various fields due to their unique property of substrate specificity. Enzyme-
linked immunosorbent assay(ELISA) has enabled the detection of various antigens by reporting the binding event of
antigen and antibody via enzyme-catalyzed reaction. However, the sensitivity improvement of conventional ELISA has
been limited because only one enzyme molecule is conjugated to one molecule of antibody. To overcome this limitation
and further improve the sensitivity of ELISA, there have been efforts to increase the number ratio of enzymes to anti-
body. Recently, the nanobiocatalytic approaches, with their successful enzyme stabilization, improved the performance
stability as well as sensitivity in a modified protocol of ELISA. The present paper introduces the basic principle of
ELISA, and the recent efforts to improve sensitivity and performance stability of ELISA by using the nanobiocatalytic
approaches.
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'he AU Sebe-E Fxlehs AEuEA, 540 714
AenAd2- 3FshH Sl (chemical conversion)[1], A3-&73 SHbioremediation)[2],
o] 2. Al (biosensor)[3] T 2 THSE Folel|A] o]§= 11 Q).
53] a4 527 A enzyme-linked immunosorbent assay,
ELISA)= 547} 95 stofell 589 thassl Akllzt & &= gl
FAATAGT A E4E A AFAF o =2H ) 3
A W& 540 /& Sate] AT 5 Sl HAPRHo|
ot aAAH A AU Bt 9 vlo]HAE Soldow
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Frost & Sullivan®] “Strategic Analysis of the Global In Vitro Diagnostics
Market” X174 w28, A A|A] 2|2] Ftk(in vitro diagnostics,
VD) A 2009 715 3879 @& 12 H71=E ST} o] G4
ELISAE ¥&sk= Wolslsh4] Zek(immunochemistry diagnostics)
Hope] A, AA Ae] Ak APl 7P e dokw 1A H
Qom AL 7h 2 1Rl 35.8%(1382] He)yE AH|shR= A0
E HAEICh ko 201497H] A Bt 5%E @i AR A
o] ek A R} 5039 Gelel] ek Zow distal Qlvk &
= 9 QIEe) L2 AR =R A R A S W
oI5}ela Rk Fol= ol Bt 5% o)4ke] Ao R 201490 180
o] g oide] Al R ghld Zlo® HRItHI].
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Sl Gejlo]7] wiiell ZH i (sensitivity)2] T+ Fell 1 A7 91O
w], o015 FE37] $3t Wete R she] gAY B aAE At
FAGTAAAE] FEE SR 02 P77
Q1 A7 ADE UCHA]. EAAFHAFAHAE SR
4 pH 52 Azl e g2 ¥4 (denaturation)ol] 2J3l] G4
o] A=A F3lar, o) 2 13l 4-5:2H/d (performance stability)
o] A doA& o] ok s thEe] A AEE g
et wEeltt rstEo] ghom, AsebdAd el S $st o
T uulgk Aol gl
Ht G4 FU1402 A S Qs vienlo] 2. E& |
(nanobiocatalyst, NBC) 7|&0] theFst ool A3 07 S-4-5
3903, Z1 gk ol Z=A vheHto] e FullE 7Rk m ek AR

2ol AAAFUAFAZIAL] 1R Ao FEGYS 9o AT,
23 ST A Bl B S Qe theilo] o5
-4 A o8- 273 AH(Nanobiocatalyst-Linked Immunosorbent Assay,
NBC-LISA)l| thale] Ak w4} g,

2. BAZBIHABAIHAELISA)

2-1. EAZRAMHASEIZANELISA)

G2 ghelel] et Sol ¥ g40] 7]
= o2 o]&3lo] nfole| s, Mt 5] vkt &
Ao 77 9 FslE Adshetl] AREE oA ] Yol
A} b FUS ©XIEl] SlEiM EAA TR ARA
Jl(enzyme conjugated antibody)S ©]-2-8tct,
Fig. 1= 7 Bz o2 ARgH= MEQA] A F23A
(sandwich-ELISA)®] 7 8.5 =214 0 & veh|ar Q. 1960 el
E] WAAXE £13)] o] &-F]o] & WA 3A](radioactive label)2} H]
Wak] G4 ¥A](enzyme labely= EARRA7) 714 7144814 3
1 FuRhg o R et w2 84S 7|UE 4 oS Bk o,
PAAE Houtta & 4= it o] 9} 2 S upgo & 3l
AP H AZ7 5 (radioimmunoassay, RIA)[7]& HIAIE 4= Sl &
2ATHAZIAA} A|2ES 1971'd0]] Perrlmann(8]2F Schuurs[9]
O] I350] A o= Watsigint. o] 520 A¥E RO 1976
', Oraganon Teknikaroll Xl B 7FA RS (hepatitis B surface
antigen, HBsAgys §A18 = ol A A3H OS2 Al ABS
A Ax=2 JH4 02 AlEslsh=d e glth10].
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Fig. 1. Schematic of sandwich ELISA(enzyme linked immunosorbent
assay).
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[4,12] AL} =5-E (carbon nanotubes, CNTs) 9|
of &Zed Qikall @A (alkaline phosphatase, ALPYE THe-3
(layer by layer (LBL) assembly) EIZ H &gt A& vh= S 1
el FAE FHFAFSISITHFig. 24). FA shd 185¥ 54
O] Bl &S TV 0 EH, 71ES] A2 A vlE) 3t
51,0008 o 1 AvE AU

Yu 5 [131 ko] #iks)a A (horseradish peroxidase, HRP)
9} FAE BT E Sl FAlel A TR =M AP a9t
o] njo] ewlAQl HHHE| 8 (prostate specific antigen, PSA)S
4 pg/ml®] F=7HA] ©AE 5 Sl AAE dskivh. Malhotra &
[14]2 22 A3als &-8519 AEF71-6(interleukin-6, 1L6)E
TASRE AIELE Tidetar 71E2] Al2glel vlal sl o) ZHert
SFAFE] 31 74 Z3HA (limit of detection, LOD)YE 608 o]/ W= A3}
£ 43k
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Fig. 2. Modified ELISA’ approaches based on (A) the layer-by-layer
(LBL) assembly[4] and (B) liposome immunoassay(LIA)[16].
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P xF A7 e 28-S S| Ho] Bl A (lysis)
o] F7H2| 0% g3l o= WE HARE Q18 A AL &
Bolli= AdEo] HSit
o]F 7 Bkt o] Hwang “s[16]°ll <]l s 2] 7]

HE & A A K (liposome immunoassay, LIA)TE. Fig, 2B} 2]
Y EF U] fardo] Ista s sk, BlEE 9]
e 17gsFesitt. 714 241 4-CN(4-chloronaptolys AHE-3HS.
A g EF dptel] FFato] gFargfo] shtslaaele] vke- -
JAskE o] 2l R Whg-Eo] fEEA] 9 e wm] dE
ARl gAATH S F2 AL Blwsto] AEIHAIE 64vl] 5 S
ST}, o A= A A (washlng step)elM = G473 2] W&

o] AAER] ol=th= Ay HEe-Eo] =0 7 2¥Ho| Jlssith= %
e o] &3 1 Ful 7}— i oo (protein array) ]
©9 FP=4 S woiZorh wat ok At TS g 2%
F ol 2HE Fugo] ISt E A v B wel g3l
of obdl 2)3EF WhellA el a(free enzyme)®] FEHE WL 9l
, 1733}l PRk G40 B THAE F4s) shHA AT &
o] vlE 7 4 ATk

B 2 % d

3. LI.eH|O|2F0] (NBC)

3-1. LIcHIO| 20 (NBC) Rl

oPA A TR AT E FEHOR A F B g
S7P7IE WUE O\3le] 7120 ALAPUAER A Vi
]7:1;} ggxqg FAE ]%—18_ NE ZEO Iua Ao

o] 4FZRl l“f’ﬁ% HOHH% Z:LEEE‘{
(performance stability)= %23t @ 40|t} Ao} A3te aihe
H g e tﬂ@r(i': 2L pH-J A shel] ”4'\3]' D}H”/T:l ‘7‘17]' 3
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2 AP oM aAdd A SIS AT e ARE Y
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3t g AAHAAA] *3%“—1‘1 A g4

9 kst ARl ek 2 5 Slek

Nanofiber

Free enzyme

Covalent attached enzyme
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Az 540 PHS WHOR ZANT 5 9 therlol e
Zll (nanobiocatalyst, NBC) 2] © 4] LG 4737 | (nanoscale
enzyme reactor, NER)[17-19] ¥ & 2~F ¥ (enzyme coating, coatings,
ECs)[20-22 D) 71%o] EETh GAago] HgslE tholo]
& EAATHAFAAHS 6 o el WA -3l (protein
dlgestlon) [21], ¥l L ALA[3] 2 Hlo] 9 AT HA|[23] 52 Tkt
okl 7L A S8 7Fsde BelFaL Sl

E =S

32. LIS AHERT|(NER) 2 EATEN(EC)

820 TS FIAIA 4 Sl vhenlo] 25l (nanobiocatalyst,
NBC) ] 024 L g 487 ] (nanoscale enzyme reactors,
NER)?} 478 (enzyme coatings, ECs)°ll thall 7F&+38] s B 114}
s,

At © 2 Al e BAS a4 vgsle ol gshs A9, a4
9] W= Fto] ol 2ol girt.
of|x] wkA] 1os= 1S WA S 4= Q7] wiell 1L PgAdo] A
ol#]= ©do] Sltk. Lee 5171 40 nm 7719] 7827133 13
nm 719 Ad7]Fo] A Ay EEES sk, s
At Sl AR 7t dds ARl ER G4} A vhex]
3 3= | -Q1-0] 1S (ship-in-a-bottle) F2]2] LG ank-g7]
S ESIGITHFig. 3A). S AR E4Q] 7] R ER 2] (alpha-
chymotrypsin, CT)S] UG ARS7|E FAeo 2, a4 IX|H
< g4t wke 2 AR ofF sull A% SUMAFHoH, &
Bt /o] A FA1E T sle A AUTHI8). S A
b s vl B SRS AR SO 24 WHE ARgo] 75t
L g ANRE71E TESIITH19].

A3y BAsHe theA ety 2 heglde) FeE ol
$31= Aol BT heBAe O] FH TS THATL

]7]i’>‘1 ahoh e 5315 =Rl SR Kim 5
[2012 Fig. 3B} 20] polystyrene?} poly(styrene-co-maleic anhydride)
718E] YA floll 7IREHALS Tt el F14 L
2 B ko 7|REHAS T dTA R S 24 G4} TR
FEZ 13lE= AT WS TSIt a479S 789
el il vhge] 71RERAE A 5 QlofA] YAl

9 FAY w0 B TN 5 UG Wk ofet s 1)
7t Asks Eajia] G 2] o AS 7N o 9= o] Qi o]

23k A2 A AollA Kim 5 = 21 "fjé (trypsin, TR)J &

Crosslinking between
enzyme molecules

Enzyme coating

Nanofiber

Fig. 3. Nanobiocatalysts: (A) nanoscale enzyme reactors(NER), and (B) enzyme coatings(ECs).
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Fig. 5. Schematic diagrams of (A) NER-LISA using mesoporous silica|S| [Biosens. Bioelectron. 25 (2009) 906-912, Copyright© 2010 Elsevier B.V.,
All rights reserved], and (B) NER-LISA using mesoporous carbon[6] [Analyst 134 (2009) 926-932, Copyright © The Royal Society of
Chemistry 2010, All rights reserved].
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