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Abstract

Ergosterol is the significant component of the cell wall of fungi. Its presence is regarded as evidence of fungi con-
tamination in grain and other foods. Many studies on ergosterol detection have been carried out using chemical methods,
but those methods required complicated pre-treatments and long analysis times. In this study, an amperometric
biosensor was developed for fast and precise ergosterol detection. The biosensor system used the electron transfer of
hydrogen peroxide produced from the reaction of ergosterol with cholesterol oxidase. The biosensor system consisted of
a peristatic pump, a syringe loading sample injector, an enzyme reactor, a fabricated flow-through cell containing a
working electrode, areference el ectrode and a counter electrode, and a potentiostat/recorder. The working electrode was
prepared by coating modified multi-wall carbon nanotube (MWNT) on glassy carbon electrode. The MWNT-NH,
coated glassy carbon electrode linearly responded to hydrogen peroxide in the range of 1x10°~8x10° M with a detec-
tion limit of 107 M in the basic performance test. The currents produced from the ergosterol biosensor showed the
linearity in arange from 1.0x10° M to 1.0x10°° M ergosterol.

Key words: amperometric biosensor, ergosterol, MWNT-NH,, hydrogen peroxide
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Aspergillus, Penicillium, Fusarium 42| &3#o]= 3
o] FH o nYEZA dflatoxin By, ochratoxin A, pa-
tulin, deoxynivaenol (DON), zearalenone 52| tl-$- 5
g =4E AAStel(Hwang H 5 2004) °l& AHHAT
A5 AN, AR, SEEE, AATe ol
A A Ae5E F44e Y2ZItHKim MR 2004).
ol FAvE WaAo]l wlg A8 7HEAE Aelx
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B3kl HH AEFS A8FoE HE] fsixe 4
F fal E2& A&Gsta AgshA 48 5 e 7]
%o] @ FHTHYoon MH 5 1998). T#°] AAM % 1
A=A Fgo] HAREE dRb AldARE ol Hlste] &
Fatal gF717F o HA kits Z JiEE o] Q1A
%ob AArAIZIe] e ARt AFolA H30] 2F o
BE A= WHoZE= =7 Howard mold count, di-
rect plating, dilution plate count 52 AEZ<l vy &E3s}
2 ¥ (Battilani P 5 1996, Gourama H<2} Bullerman LB
19959)# =3Folo] A tHAMEES! ergosteral,
e AL chiting S48k 318h2] 2 Ajslekd by
5°] AtHGourama H} Bullerman LB 1995b, Ryu D<}
Bullerman LB 1999, Weber N 5 2001). =gt ergosteral
o] BAYoEE Yo ® AHEEE HPLC H(Ravelet
C % 2001, de Sio F 5 2000) ¥ HPLC-MS ¥ MSH
(Lamper C 5 2000, Toh TH 5 2001) 5°] 9o WY
4 H(Morgan MRA 5 1992)% ©]-83F E4vY
a=JT olE WH T VIZIRAHY Aee
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=23 w8k plate countell &fst] 2 SRIEA] =
T80 ZI|FAEANA FEelE HEd= AR
Aol AFe E*Ol L ZINAFEEA ”H—r &3 =
% 2001, Abramson D 5 1998). w&}
Al B ATl = ’il% =%9] —‘—UX]J:}— EHE 78
gk ergosterol-= 7|3}t o= FA3l7] fiste] o<}
2 hgAe o83 A7135H] ergosterol = e
ATt

Z, ergosterol ¥+ cholesterol oxidase HF-S-ol 23l A
H.Oo= YA3 A7t Je T A AtoloA] vz}
Ao ANEE-S dodA Het, ol 28" A
ol A o= AksHanodic oxidation)Al HAEHE A F
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cholesterol oxidase

ergosterol + O, — . ergosta-4,7,22-trien-3-one +H,0;

<working electrode>

H,0, - > 2H + 0, + 26
<counter electrode>
MH +0,+46 — 2H,0
1993). webA A

o] HakE SAst] 7142 ergosterol

AT IEE Aol A= cho-
lesterol oxidase &4 IASE Tl EANSTIE AE
staom AEEZQ] HOE =R S8 + e &
=S A Z3FA AL flow injection analysis (FIA) Al 2=El-S
=9l5te] AR A&l BAo] M53lEE ergosterol
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1. Alef & 7|7

Multi-walled carbon nanctubes (MWNTs)= c-tube 100
(CNT CO. LTD, Incheon, Korea)& T3l ARSIt
FEEAFS(CHI 104)2 CH Instruments (U.S.A.)olA]
T3+ a1, glutaraldehyde, aminopropyl glass beads (500
A, 200-400 mesh average pore size), cholesterol oxidase
(EC 1.1.3.6), bovine serum abumin Sigma (St. Louis.
Mo. USA)ellA F43tA T Perigdtic pump (IPC-N-8)&
Ismatec Co. (Glattbrugg-Zirich, Switzerland)Z5F-E T3}
AL 71EHFo 2= AgAgC dectrode (K0260, Princeton
Applied Research, U.SA)E AME3sgoH, JUidso=
+ platinum wireg AF83F3TE Teflon tubing> Cole-
Parmer Instrument Company (Vernon Hills, Illinois, U.S.A.)
2R Pskgon, Wr)sshiee 245 98A
Potentiostat/galvanostat (model 273A, EG&G, U.SA.)E
SEEE RN

2. Ergosterol EZ2M9| =x|

Ergosterol2 chloroformo|u} hexanet 22 #7189l
it gel=e E2 v 8ol gk g3i=r) uf-¢
vl geba A3 A a484 9@ A kS IS
FA FOoHMAME ergosterol S £3AZE S U= SHE
A zsk= Aol astutt 2 Ao = Masoom M3}
Townsend A(1985)2] Aol A =™ cholesterol &
A AZHES T35t ergosterol &S A ZSHATE F,
1.0x10" M ergosterol A &84 A %317] 915t ergos-
terol 4 mg= 1 mL2 isopropanolol] ¥l wHHgE Ths
TritonX-100 0.8 mLE %3 0.1 M potassium phosphate
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buffer (PB) (pH 7.0) 1 mLE 3718 & 33 S/T=
Aol 20 mL7F HEF Stk ol &2 AE53F
2 3|43t ergoderol EFEENS A =3 Th

o &

3. Carrier % H|x

AA A 2=Elo] carier £9S egosterol FE& A|lx
Al AREEE 8o FARSHAl A ZstE AMEPATE B4
o &4 9 ARk FFE = 7 YSEE TritonX-
1002] %S carier €99 1%7} HEE A5 THShin
MCe} Kim HS 1993). =, isopropanol 25 mL, TritonX-
100 5 mLE &3 % 01 M PB (pH 7.0 10 mLE ¥
< e 3 SRTE 9ol & F97F 500 mLrt HE
£ 31 carrier842] pHE 7.00| Ut

4, SAHI27| HM|E 2 coupling efficiency &1

Kim MR} Kim MJ2003)¢ ®H< 43l choles
terol oxidase E42 TAZET E4AHFI|E AZSIY
th &, 01 M PB (pH 7.0 ©]-&3l9 25% glutaralde-
hydeE A|=3% T ©]E aminopropyl glass beads 0.25
g Edste] Ad2ollA 243F E_F wRkEktE XS
glutaraldehydeEs A A3t7] st F/RTE T A
stal oAl PBE A S & 2 mL PBol @7} 30 <
WA XA FH T Cholesterol oxidase 10 units (4.16
mg)E glass beads”} B QU= PBell H7kste] 4TolA
127 BEAIA B4 IASSIAY. 1A & A4S
Ao F20] coupling efficiencyS EQlsh=d] ]85k
o, 47 1A3H glass beads= 33 FHFE 2}
gl AlHsta oAl PBE Al Sk Al A3 glass beads
+ tubing®ll A3 01 M PB (pH 7.002 FXIg % tub-
ing®] eSS o34 Folot nippleE 9o} FAKNREY]
& Attt ARV E AR A7EA] 4T WA
Bt

849] coupling efficiency= Bradford assays ©|-8-3}
of T3} thBradford MM 1976). 3, bovine serum abu-
minS.Z iz ko] o3k HF8HS 5] Brad-
ford reagent® G213+ 3 gpectrophotometer (DU 800, Beck-
man, U.SA)E ©|&3le] 595 nmollA 33 & A=
de dlen, a4 1A} Al d& FFAES vHSAIA
THEE 43I coupling efficiencyE 73T

5. MWNTS| 7|55t 2 FT-IR &X

Santhosh P 5(20068)3} Santhosh P 5(2006b)2] S
FA3ste] MWNTS] amine 7153+ AA8H4tE &, 5.0
g2l MWNTE 60% Z4H8 100 mLo} &8st 30%
B 25704 A3 vy 60~65TellA] 2443t &
¢t BAFAT IAFES 204 ¥4F F polycarbo-

a4 E2.2) 75451 7) 4] 252 7] 25 (2009)

nate membrane (0.2 pm pore size) 2. & A3 T2 7/
TE pH7F F480] HES A AlFsta A3z
oA 60TCE 1541t Bt A=x3ATE HAZEH MWNT
1.2 gell thionyl chloride 20 mLE %7}k 60~65T
A 2477 B9t BESITE o] of}ste] tetrahydrofuran
(THRE AF3 F 20T AF3dz7)elA Adx=AZ
o]Z ThA] poly(ethylene glycol)bis(3-aminopropyl) 0.14 g
< 30 mL THFo] &3jAx1 & o= 60TColAl 2443t
% FRAZI A, Bt AFAEIIA

MWNT] 7535 &<lst7] #ste] 800~2000 nmol
A FT-IR (Spectrum GX & Autolmage, Perkin-Elmer, U.SA))
= SAsA

6. XtHM=21} flow—through cell MXt & FIA AlA
2 2

2AGASE ARt flste] A ZFS] amine 7153k
MWNT (MWNT-NH,) 2} dimethylformamide (DMF)ZS &%
atef oF 243 A& Ao|FE thy o] F 10 pLE e
2= frejHol Hojmy] 2443t < Aol =z
NA AHg-SFAT.

TEZE FIA Al 2=Hloll ARgSE7] fl8te] AdHdS, Ao
(P, 712 (AgAgC)e] o124 4 A+ flow-through
cdl& AZFsAth. Flow-through cell ] vl F-3oll carrier
7t BE F UEE gxog IS YvE I tubingS
7Iom Al el M Atold] dAF 1HEE FAATI
7] f1el cell SiFEo] GE vhEo] A= ynld st
TS W A7 AS5E 719 9oy =  dAT
Faj(oF 25 mL)9| carier &Yoo) FAE T JEF cdl
9] Eol= =43

Ergosterol #43-8 FIA A|2:8]2 cholesterol oxidase &
ag7], 71EdS, APAS, S 3T flow-
through cell, peristaltic pump, sample injector, potentiostat
2 7AERT FA A2Ee =4S Fg. 100 e

m

Glassy carbon Pt wire
electrode counter electrode

Ag/AgCl
reference electrode

Cholesterol oxidase
Enzyme reactor /]

Syringe loading
Sample injector

i

carrier —
Peristaltic pump Functionalized
MWNT

=

Potentiostat
Fig. 1. Schematic diagram of the ergosterol biosensor with flow
injection anaysis system.
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th FIA A2Ee F8f F7188H whes S8kl on,
Modern 270/250 research electrochemistry software 4.30
program= ©]-83t HlolEE AUt

7. Cyclic voltammetry (CV) &3

H.0,0 F%ol wE 4ksl 339} 3 2 3E Iotst
7] {18t ARk 2912 cyclic voltammetry S poten-
tiosta s °]-&st AT WA H.0.= 0, 0.1, 05
mMe] =2 Ax3 v AgATE & F1a 7]
THAFOE AgAQC, FHHFOE pE ARgSte] 0.7~
0.5 VoA scan rate 50 mV/sZ cyclic voltammetryE &
83ttt

de

olr

8. &AXIAO| H,0, HES =X

AAFHF HO, AEFS FIst7] 18k ergosterol
2 gag w AHE3 8 ALESl] H,0, §98 1x
10°~8x10° M 5= A Z3t] FIA A2HS E3)] U
el 718keE ukg-S A3

9. Ergosterol X
Hlo] @ A 9] ergosterol A HEA A
&to] ergosterol -89-S 1x10°~10x10°
o FIA N28S 53 Yelus A7)gksts ukge =
A3k
M, Zop & gzt
1. MWNTS| 7|55} 2 FT-IR A
H AFAHE MWNTS amine functiondizations <
3 3gAIY] FAHS AT A GAl= MWNTS diksd

Fatol 223 AT Z0E, o HHL FH MWNT

o] Asisl HA} o) ToIRIL F, Unel @ $u3)

o] BSHHOR ASFOTH -COOHS| Ak T
571

SAZSZHA MWNT-COCIE Al =4 o] A
MWNT 3579 712547] Atolol|A] oin|= Ajs
=3b7] 918l AxE DAl vl e @Al A= MWNT-
COCI3} poly(ethylene glycol)bis(3-aminopropyl)S HH8-A|
owx HEHOF amine 7153+ MWNT (MWNT-NH,)
& AU

MWNTe] o}q1717} =919 21 ER1st7] {8t FT-
IRZ 43 A3E Fig. 29 YEIRITE (8= MWNT,
(b= 7I2547]|2 /1d"E MWNTO|1, (o)« o1&
o] =¥ MWNTEA (b)ollAE= 1,383 cm™ollA 7125
21719] C-O stretching vibrationoll 2]gF 3] =7} YEta,
(©)°lA= 1,103 cm*oll 4] o}ql7]e] A ZQl C-N stretch-
ing vibrationol] 9|3+ 3 =7} YRt ol 7iEE MWNT
o % EAS H713F Kim KS(2006)8] A7 Aol
ARRE AREA B AT A3 MWNT 75717}
Z =909 Zs g1 5 ATk

2. 24 1H-310| st coupling efficiency
Cholesterol oxidaseS- glass beadsoll 12834171 & coupl-

ing efficiencyE =743+ 23 99%2] coupling efficiency =

YR 547} glass beadsoll 2 1A= A0l 1= AT

3. Cyclic voltammetry X
Cyclic voltammetry= R% F7|318H&E2] 4kst 29

’
A

w7 1383

1800 1600 1400

1200 1000 800

wavenumber(cn™)

Fig. 2. FT-IR spectra of () MWNT, (b) MWNT-COOH and (¢) MWNT-NH..
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Fig. 3. Cyclic voltanmogram of modified glassy carbon electrode.

(a) absence of H,O. (b) presence of 0.1 mM H;O, (c) presence of 0.5 mM H,O»
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A o] HHR Eotes B ARHFE ATt £
Aol A Axg 2FH=2] cydic voltammetryS =78
A= Fig. 33 2t} Cydlic voltammogramoll Al & 4=
U5o] Y == -0006 V, A3 ¥=E= 0132 VE U
EPtom, Hy0:0 §57F HoHETE H00 4hst A%
£ Uede &5 AF/Y e Sk gds v
Blle &5 A7 Z7le Faste B AgolA Alx
3k H=o] H0,0 s55 SAsh=t A3 AS &<l
< = AApTH

12

4, HAMIO| H,0. HES

ek Zo]l MWNT-NH;
A=) HO, AE5S 54 A7 Fg. 49 2o 1x
10°~8x10° M H,O, &< 200 uL FUste] A7e] W
312 =43 Ax} AgFaAe] AAAS?) 7} 0.9472
e F Wslgte] 4ds] £ AFIAE HAFY
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Fig. 4. Cdibration curve of current according to the concentration of hydrogen peroxide.
Conditions : carrier, ergosterol solvent (pH 7.0); H2O, injection volume, 200 pL ; flow rate, 1.5 mL/min; initia potentid, -0.2
V; working electrode, modified glassy carbon electrode; reference electrode, Ag/AQCI eectrode; counter electrode, platinum
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Fig. 5. Cdibration curve of current according to the concentration of ergosterol by the ergosterol biosensor.
Conditions : carrier, ergosterol solvent (pH 7.0); injection volume, 200 uL; flow rate, 1.0 mL/min; initia potentia, -0.2 V;
working electrode, modified glassy carbon electrode; reference electrode, Ag/AgCl electrode; counter electrode, platinum

5. MIA2| ergosterol AES
Ergogterol-2> F30]2] F8 AZ
o7t LAHALS S olF AT 4 Y= F83 A
FEAZ o] gdch webr 2 Al e ergosterol o] A
[

1%
ox,
M
o
ull

>
e
2

3L
i=]

—/‘\_
LAAME NIstA o AAE o]8dte] HA| oF F&
o] ergosterol &Aool thet AFEHES 43t Fg. 59 2
o

o ANE Atk A AT} 1.0x10°~1.0x10° M| @&
ergosterol F=ol A% ergosterolol] thek ARFWESS AS
F Ao, AFASTE 09612 F& AFAAZ Ye
Uitk weka & oalo] e AlAzE 10° M £E] W B
9 agogerol S HEY F A= BeE 7T = A
o8 Ueht 2Fe] F3o] 2R E<2l3} ergosterol
S 98] AHE & e Aol I

AA7EA ergosterol AlAlell thal] FFH A7 AL
o] B AT AAE ergosterol FrAFE-ZE Q1 cholesterol Al
Aol gk A7-ARe} vlus) B, HAF $H20E cho-
lesterol ] 52 =43 Shi QC2 Peng TZ(2005)2] <
Tol| A& 4.6x10°~1.0x10° M cholesterol " $]el A cho-
lesterol @] A#AZ0] 7Fsstdtta Barskelal, gold A
= o)l AH cholesterol oxidaseE F2A1A #1&3F chole-
sterol oxidase modified gold eectrodeE AH83t] chole-
gerol HAES AAIS Para A 5(2007)] ATolA= chro-
noamperometryoll 4] 2.1x10° Mol ©]|27]1742] A FHA)
E e HAE3AE 6.0x10° MOZA B AFHo|
A1 AZFgE ergosterol A A 2E1 Y] HE3HAI9F FAFSHA

t}. T3} cholesterol oxidase-chitosan/hemoglobin-chitosan -
2 fFHaad5E Aste o]l A cholesterol A&
o o]&3 Zhao C5(2008)2] ¢FollAE= 1.0x10°~6.0x
10* M9] cholesterol A&o] 7Feslgion, AEIAE
95x10° M2 E A7 AAe] AFAA S} HEIAL
F 9 53 Ao =2 YepRdt}h 12U cholesterol oxidase,
cholesterol esterase 2 horseradish peroxidasee] 3714 &
425 3 yzTe) A 1gstste] ST ~A viol e
AAME AZFsle cholesterolS 574§ Sdinas E 5(2006)
o] Ao A 1.2x10°~1.0x10° M cholesterol @] 5 =o]]
A AFBAE Uedon AEIE 119x10° M2
A B AT AAET 52 HAEsS UEUTH

skH B AlX 9] ergosterol HETHAIE FA| ergosterol

A A LREF o2 ARRSkaL e HPLC W3 vl as)
B, g&aslx] e A8 solid phase extraction $F 3
HPLCZ ergosterol= 413+ Srzednicki G 5(2004)%] X
T A= ergosterol &) AZEFA7} 6x10° Mo, At}
B =S Fr1et7] Y8l ergosterol i3-S HPLC
=43 Kadaka C 5(2005)2] ATolA % ergosterol
HAEIA7E 01~1.8 mgL2A £ AFoA 7jadt Al
Aol HAEHo] 7]Z9] egosterol E2A1WH< HPLCH
Hl3)| @2 ¢fe Ao & JEit
Ergosterol #4& dutxo g HPLCE Haf B4
™ ergosterol S-S A% vlo] A= FAZEA] AN
A 7] o9 B AF7F o' AFY +F
A= ergosterol A 7S 23]
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fré&stA 282 ¢ d& AR AZHET o AT
A& ergosterol AlA o] 7|8kskA] A gl AlA Al 2~H]
T4, BHEA 1A4sPE g9, s A5 AR, A%
3k ergosterol 7] A=, ergosterol AHFA HAE SOl F
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2Hlo] HA g WellEd FFY 24, AFARSY 4

S0l Fas|oloF & Zlo|tk
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<
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2 AFolxe AFY #3830 279 A= AHEE
ol Hlo] A E APt MWNT-
A28k, cholesterol oxidase®] 1
g lx“G}oﬂl Hlo] @ AlA 9] 7]
31814 ergosterol AEHAE “0}%15} FT-IRS 53
MWNT 71%5717F 2 =UERLS #9139 a1, chole
sterol oxidase &4 3143} A couplmg efficiency= 99%
oltt. A& MWNT-NH, %E]EMX%JA HzOz ﬁoﬂoﬂ
g =8 AFE 248 23 1x10°~8x10° M &
oA 3 MFAAE Uiy A= 10 M
ojtt. B Aol A2 ergosterol **WE Old‘lﬂoﬂ
ergosterol ol g+ HHS-& =43 A7} 1.0x10°~1.0x10°
Mol FxoA F& AFAE Uil IXEE ego-
sterol & AFE 7 U= FOE gRlEo] 2Fo FFo]
e gelet=t F&3kA AHEE 7 US AR B
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