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ol ~E&}A (acetylcholine esterase) = B-ZHEATIOIA(B-galactosidase) e 22 ©] a5 FHuitg-

o] Axtz dwAS Yelgy o} e Hxog A" = Qe Vo] 7+ gAhnit teksltl. oS Sof, 34tk

FJEALE AET Aoe Fatseie EA oA w8 714 (chromogenic substrate) 24 WH QL Aol
] )=

AztE = 9l= "HEWEA U (tetramethylbenzidene, TMB), tjo}w:=¥lx ¢ (diaminobezidene, DAB), ABTS
(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) &1l 4-FE2&-1-}ZE(4-chloro-1-naphthol,
4CIN) & 288 & 9o APE A& 49 BCIP(5-bromo—4-chloro-3-indolyl phosphate p-toluidine
salt)/NBT(nitro-blue tetrazolium chloride) & AF&E 4 duh. Z4zte] 7|d& HA wkgxe] th27] o

7}
woll mlej Al e BM5d B avxdE agste] Add VdE A = dn.

AEAAAS Y3 & o Wyor ~EMEoM|U(streptavidin) @ H] Q¥ (biotin) 7Fe] At E o] &
T Jon, d¥HoR ~EHREMHUS BXIA Y TFAI|AL HLHSE G428 THANA AEIT. 2EHE
ofu|dd} HIO® WhZe dukxow E9-3hA whg3 vluste] 3tgo] Fovu®w A2 gAE AMESE Wl
Hg 2esHasts 45 F Ae FHo] Jdov F7 5SS =Ydler st Fio] vk, E4A2E 74
Al olelgh AR ] WEtE 24 Al a9t BAEEY SAsIesE, SAFE WY, 24 28 ARE
agla AAA 5 7FAd we Aded 4= 9l

HAANS 543 ol AlM o Azt Al MRS Y &4 Fufhge] gito =z o AW 3 Hujnkg
7 2 RS o] 8§ X o YA vEAARoEN =& FERoE9 AW ofAMHOIEE & T
ok A7l 25 FE2o|E9 AW ofAH O EE v HA UlFel =Ystd 7Eol] == o] Jetow gl
HA ol 54 ¢ AW A =Y BHEH i E E4o] Fresithe FHE ATt TAE A
Ao G405 o]&F B9 sdstA whabE g o S4E ¢ vk

ol3t, AAHE Fst] & YHE U AAs Adatua gt ol AAde 224 2 IS B A
o8 AWsly] 93 Ao, & e gA e mep B odwo]l WHTt olF AAldel o AR FeErvhe
AL FhANA S A2E 7Hz Aol QlojA A E Aol

2 Al o 1

e FAe ZlElFe SAE Agtas 2 Saase 53}A A

g3 "HAS ZguFel "HAE Atstas @ wAdgho] EFAE A, FAHeR & 29 e oF
4 A7t YA 5 mgel AR &F 52 FFIA SAUA
(glucose oxidase, GOx)I} AR I}Ak3}E A (horseradish peroxidase, HRP)E thdl ®]&(GOx:HRP = 10:0,
7:3, 5:5, 3:7, 0:10)22 2 ml(10 mg/m1)E Yol 1A1ZF B9 200 rpme 2 WHIAATE, I 5 YA E T3
FEEA e ZAE AASL, i dF&doR AHEY. 1 FH EFAE * 2
€100 mM tris buffer(pl 7.6))E ©]&3] 30% &< 200 rpmoll A MHIA]AZE &
&3] AojFth. BE Ayt d 54143 BAES 4ToA Haste b3y

B shEs 2 waEse] B3AE Axskar).
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=

U § A88-7] ¥hl (nanoscale enzyme reactors, NERs)dl| whel &&-th3A Ag sl = B34 A=

T 49} e E ddo)| w2 §4 IAF M ATS 0] &3 g Au-27] WH (nanoscale enzyme reactors,
-0 AgIE JAF EEAE AT, FAHeR = 29 F2 thaAd AEgt 4R 5 mg
100 mM phosphate buffer((pH 7.0))ell %9 Z#|2~e|E ZA|thA|(cholesterol oxidase) &

o QUi ¢k

A2 ml(10 mg/m)E ¥l 1AZE 5 200 rpme 2 WRIAIFATH. 1 FH YARYE B3 FFEA &2 5aE
AABIL, 0.1 v/veel ZFEF gddstol= &AS 1 mlS H7HEt 2 9 7fad A F83 uke-S 93}
o] gollA lf\lﬂ <2t 200 rpmell Al WA AT T QA4 dF g N oz AFHST. 1 A E3dAE EFete
SAS Ex 58N(100 mM tris buffer(pH 7.6))E o] &3 30% 59F 200 rpmell Al nHHA]ASE F thA] 2
24 %oﬁé o]-g3te] AojF RE At B 2043 BAELS 4TA 1%6}0% 'EA-TEA
A7t G FFAQN vdas —8— 1(NERS)E Z%uokaiﬂ

4 Al o 4

471 X9 34 Aty A8 54

g7 AAe 3ol A AlFEE g ankgrle] 24 A A (triton-X 100)0] =91 FH~HZo Abg) ukg
S o] g3l SAHHUTY. & 55 40T 200 rpm E¥HEZA free (0x, ADS-COx 2 NER-COx¢] A4S Ho
T ZF AES 40T 200 rpm wRbERZCA Byt Al AjZte] ZF AlEe] dR-E AF S S SA
ATk, free COxo] 7% 4AIZF who]l 7] o] 509 wAA] Zsh= &4& B ADSO] A F-ol% 15417k
whol] %7] &4de] 50% olatz "ol HAwk, NER-COxe] ¢ 6047+ o]Fol= Z7] &A o 7042 %ﬂé}‘ﬁﬂr o]
£ T 2 e mavt gXE vTAd Aegte] hgAel wig- SujE AS 1 4 v

2 Al o9 5

5240-03A4 A7t YA EFAE ol 8T A wE FHZHE HE

T 19 2EHE o83ty Fel2ElE 1.5 mg/mlol gt Ajgte] mE shAho] ®sE AHIUHE 6 FE).
NER-COx(#) 9] 739 50 mg/ml thad del7ke] $28 4 pls a4 Foo =xsgla felan($)e 45 7
U/mle] S 28E SAUAE 1 pl X3t AFxA . 7[AAE 9o 50 mM 3-(4-F2EZ ) =23 4F
AF h=8- N (MOPS buffer pH 5.0)¢l <1 20 mMe] N,N-B]2(4-F3e)-3 5-t]v e opd &-t] 2 A]-3-4 (MADB)

20 mMe] 4-o}m|:=CtE] T - (AAP), 20 U/ml AR J/P‘Fﬁ}gi(horseradlsh peroxidase, HRP)E dj=o] =33

5 60 ColA 15% A=A F FAstaa st FHZHES F718ved 5% 1-m9-2 JE2]=3} PBSol &3

B ANSAA BlA E(Thesit) 2%°] FLEZ H F 100 plE AEFso) 2980, 2 5 A& Akl u}

g JuFRle ARZlS Hof tﬂﬁ}g g iiﬂ Exd A gaE FAs I Fx3 O}iiﬂr. MADB+=
3

O
N 4B AT B sEel me WA

Ack. el $849 ARl e B 299 0

b x
o

QL'
2

oo fU
T
o4
N

2 Al o 6
EA-TEY A 94 HEAE o8 BIEA
)

T 19 2EfA Xy gL mE 349

mg/ml thed A7t FER 4 plE 24 990 =xsigla d954S 9l

KU/ml o] %522 SAITAl 1 pl RXste] AxAZ 71494 = 9o 20 ml MADB, AAPE F743tazt s X
EE PBS pHl 7.0 kg8l sEHEE 59 ¥ 100 pls BEHEC 2Pk 329 Algte] At § HHE
lo] ARlE #of WstE w3 3 H "yt Exd Aol g SAS Al ojeh ZE WAoo
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Yrge wxd wg AE SH3te] = 8he] WEHRld wE ¥Xxde HA F4M(calibration curve)E %
o=
4 Al o 7

UxFAu87] W4 (nanoscale enzyme reactors, NERs)O| W&} &4 co-immobilization-tb3A A7t U=
EEA A=

= 48} e B odbgo] wE Y- g4uke-7] W (nanoscale enzyme reactors, NERs)oll w2} &9 FAo| A&

He= F 84 co-immobilizationdt &EA-UhEA A7 dA EBIAE A x99, FAFoE w29 e
o34 AEgh A 5 mgell <labed $45-8-91(100 mM phosphate buffer((pH 7.0))ell <9 ZFF3~ SAITHA
(glucose oxidase, GOx)I} ARG I}Aks}E A (horseradish peroxidase, HRP)E th3dl ®]&(GOx:HRP = 10:0,
7:3, 5:5, 3:7, 0:10) 22 10 mg/ml, 2 mlE Yol 1A1ZF FoF 200 rpme 2 WHAAT. 2 §H YAEIE =3
F&EA e Z4AE AAS, 0.1 V/v%«l E—rE]r‘j" g&ustel= gos 1 mls HA7bsth. 1 5 7P ERHA
o] SR WS skl AeolA 1/\]2& oF 200 rpmoll A WERAIAFE F Q1aked gFgdow AHsnh. 1
T E3AE xgele £98 Efa 4E89(100 mM tris buffer(pH 7.6))E o]&3 30% 52F 200 rpmoll A
WHIAAE & oA A g ds 01 ste] Aot RE ﬂﬂﬂ Ed 54343 EFEL 4ToA
B33t} co-immobilizationdt &-thaAd A7t YAF B3A9 U g 292 7] (NERs-GOx&HRP) & A 2= 35}3ich.
4 4 o 8

YUrgA837] W (nanoscale enzyme reactors, NERs)o] @& &4 co-immobilization-th&A A7t YA+

B3 33 o83 EF5A

A7) A 7oA co—immobilization 3 gA-th3A A 9 B84 2 pl (50 mg/ml)S W BEH el zZHzt
maste] A7 F 50 mMe] AAP, MADBE XEFE 10 mMe] X=TES e § 183 v&S Aok, =
9av= 1 F°] 7} Alse] oA whgS Hlulgh Ao R SRS SATRA| 9} 741}‘3 J%“ﬂﬁi b 3:7¢] v &R
agshet g anksy] Ao AE7E 7B e dANkeS Hola uh. & 9b EavF nAHE At o
A7V mEE e StAaE ASkete] e E el 1oR GOx:HRP7E 3:7% 4 <>1 A3} 3 A5t 453
E2S AT 5 AT

L 10ae= 7] e GOx:HRP7F 3:7% A% LELANETE o] &3] XEY FE9 A7lel| ulE A A
S5 gl ARzlo]al, E 10be ol& ?ﬂﬁ‘ro}@ gz el Aot

2 Al o 9

Yo AA FWA &A co-immobilization-thaAl A7t YA E¢A 53 o83 3=

71 AAlel 13 AAjef] 7oA whEFE WA g avkgr] WS F3lco-immobilization ¥ & A-thEAd
Ag7F A E3HA 10 p1(50 mg/ml) 2 F2l€ GOx<}h HR o] %% 10 ul(GOx: 1 U/ml, HRP: 1 U/mD)<S #=
goloz o]Fojzl A FHe] A7t =¥xste] A i/\]{l 50 mMe] AAP, MADBE ¥3Hst 10 mMe] ¥EFS Z¢
T F 3 s sk FEE 549 Ag &9 55 wek A7 WAt deke f1 A4 9
AZ7F A e @& WM ADSU NER Alme] - EAAE AAdEe] Aerh ¥ e s SR 9l

WY o] &Y
® ool Fe vlolo AN APAA, FasABAN, JARBAN, DALABA
A, AAEARD AGAA, FUAA E B ulol o AT A
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k1
N2

1
(g
~

Sample pad Substrate pad Enzyme immobilized porous material

Membrane

O Enzyme molecule

= ADS = Free GOx & HRP

10:0 73 55 37 010
(GOx - HRP)
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=83
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5 15 -
= 10 -
x
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10:0 173 5:5

: : 37 0:10
Enzyme concentration ratio (GOX:HRP)

1
g
HN

Covalent attachment Cross-linking between
enzyme molecules
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Cholesterol 0 076 15

& 8 & 8

b
=]

Pixel Intensity

S A

0.5 1 15 2 25 3 3.5
Concentration of Cholesterol (mg/ml)

=

Glucose 25 5 1 0.4 0 <k mi
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Pixel intensity
88 88 8

0 5 10 15 20 25 30
Concentration of Glucose (mM)

NER

z

(=]
L

37 010
(GOx - HRP)

ENER I
7:3 55 37

10:0 0:10
Enzyme concentration ratio (GOX:HRP)
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=102

« 2 min

= 3 min

= 4 min

= 5 mim

Glucose 20 15 10 5 25 0 EHglm
E=9I10b
a0
*2 min X
80 W3 min
70 A4 min 4 &
<& min
g @ :
§ = ‘ )
fé- 40 4 w
= 20 -
a - *
e +
10 * : *
o ¥
Concentration of glucose (mM)
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