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Abstract

Histamine is a kind of primary biogenic amine arising from the decarboxylation of the amino acid L-histidine. The toxi-
cology of histamine and its occurrence and formation in foods are especially emphasized in fermented foods. In this study,
the biosensor for detection of histamine with functionalized multi-walled carbon nanotubes (MWCNT) was developed. We also
searched for an appropriate insoluble substrate to immobilize the enzyme. The developed biosensor showed a detection limit
of 0.1 #M hydrogen peroxide. The enzyme reactor was prepared with diamine oxidase immobilized on insoluble carriers
including CNBr-activated sepharose 4B, calcium alginate, and controlled pore size glass beads. The coupling efficiency of
CNBr-activated sepharose 4B, calcium alginate, and controlled pore size glass beads were 48.5%, 40.3%, and 51.0%, res-
pectively. In addition, the response currents on histamine with each immobilized enzyme reactor prepared with CNBr-activated
sepharose 4B, calcium alginate, and controlled pore size glass beads were 120 nA, 110 nA, and 140 nA at 100 #M of
histamine concentration, respectively. Therefore, it is suggested that controlled pore size glass beads are the best carriers for
immobilizing diamine oxidase to detect histamine in this biosensor.
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1. A2k & 7|17
itates S8 ASS A F87] 9ske] MWCNT(C-
tube 100)= CNT Co. LTD(Incheon, Korea)oll A F+43+ 12,
glassy carbon electrode(GCE, CHI 104)= CH Instruments
(Austin, USA)ZHE T4} 2™, Ag/AgCl reference elec-
trode(K0260)+= Princeton Applied Research(Oak Ridge, USA)
oAl T3+ t}. Diamine oxidase(EC 1.4.3.6, from porcine
kidney)<} histamine, bovine serum albumin(BSA)+= Sigma(St
Louis, USA)ZFH T3t 4 13315 95l gluta-

raldehyde, CNBr-activated sepharose 4B, calcium alginate, ami-

>

nopropyl glass beads(500A, 200-400 mesh average pore size)
< Sigma2FE] I8 th A7|skeh-g-2 S45k7] 9l
2] Potentiostat/galvanostat(model 273A, EG&G, USA)E ©]&
s,

2. MWCNTZS| 7|53}

MWCNTE 7]%53}817] 918 Santhosh et a/(2006)$} Kim
et al(2010)9] *WHS F st oplgslith. MWCNT 5 g

Diamine oxidase

Glassy carbon
electrode -NHz

[Fe(CN)]3-x H20:
[Fe(CN)J4- H* o« Ox

Fig. 1. The reaction of histamine with diamine oxidase
in biosensor system.
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= 60% nitric acid 100 mL¢} &3tsto] 253} A 2jstal 65T
of| Al 24412t FAIZ1 £ polycarbonate membrane = o 2}
ST o2 Z=HFE AlHskIL 60TAA 15417 B A%
A1Z1 F thionyl chloride®} 3315t 65Tl A 24217t &
QF 2+73t - tetrahydrofuran(THF) = o8] ztel] A& ek & 2
ZAIAY. THF® poly(ethylene glycol)bis(3-aminopropyl) S
SelAR o ellM A2AIR MWONTE A7t 60T
oA 2443t Rt Rt o3, Eelste] Aax7]elA
Az

3. ItEbeA ZHE M3l ME

Glassy carbon electrode(GCE)e] el A 7|53}t
MWCNTE #AFste] 127 F-2A17] 3L Prussian blue film
& AN BSL 29 A2E ALITKKarya-
kin et al 1994, Kim et al 2010). 7]%58}eF MWCNT 200 mg
Z} dimethylformamide 5 mLE &3] 1A17F St 253+
At & SAITE A= fEollA] o] B4R T GCE &
ol FAkste] 124131 o =28tk 1719 2 mM pota-
ssium ferricyanide®} 2 mM iron chloride, 0. M potassium
chlorideZ 1 mM hydrochloric acidel| &3]3+ &H4-S 0.1~
1.0 V, scan rate 50 mVZ 303] cyclic voltammetry *] 2]+ 2
714 TS ©]-83ko] Prussian blue filme A3 131 &

AeoA 12413 o] Azt
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Diamine oxidase= U 37F4] WH & o] §3le] 14315
THJi & Kim 2011). W14 CNBr-activated sepharose 4BE ©|
L3l B4E 13 3)eltE =, glass filtero]l CNBr-activated
sepharose 4B 0.2 g= Y2 ¥ | mM HCl 1 LE A8-314
CNBr-activated sepharose 4BE A1413] swellingA] 7] A] Al
2319t} Diamine oxidase 15 units$} 1 mL coupling buffer
(pH 8.5)5 A-&ollA 143t St S £ 4TA 12413
WHAIZ . EA7F 1% 3FE beadsE 0.1 M Tris-HCI(pH 8.0)
2 AA sk, o 2EA] & beadsE 0.1 M Tris-HCI buffere}
st 2417 B FAAF T o1& 0.1 M acetate buffer
(pH 4.0)%} 0.1 M Tris-HCI buffer(pH 8.0)& A%}

I3} calcium alginate S ©]-838l] E4AF 1IN &,
4% calcium alginate solution 0.5 mLol diamine oxidase 15
unitsE H7Fste] 1087F E3e = 1091 ARtk ol &
0.2 M CaCl, solution 35 mLell &7 Hojree] AQH T
™ beadsE CaCl, 8ol A 303t A A A a4
beadsE glass filter2 o]F3le] SFHFE A3 T ARA|
ZAt}. ©]& 0.25% poly-L-lysine solution(pH 7.0) 20 mLel] 2
o] 1023t F-A713L S/HTFE Tl AlHste] d2A 7T
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3t aminopropyl glass beadsE ©]&3le] 45 uAs}t
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© 2 5% glutaraldehydeE |23+ T} aminopropyl glass beads
0.5 gt Egate] FLoA 12413t B¢t wakslit) o=
FTHTE o] ¥ AlFsta PBSE AlA g & 5 mL PBSe]l
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£ glass beadsol] F7}5ke] 4TCollA 24417 F<t wHtaPHA
Hke-A171 T2 PBS(pH 7.0)2 iz ¥ A2}t
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A 4T ¥ B3
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1. opitstea £HEE A=2| Cyclovoltammetry
Prussian bluei= potassium iron(Ill)hexacyanoferrate( 1)<
FIEEA A Polth o8 Akl 213ke] Prussian blue
© sk TelE Fxlote B EA LA artificial
peroxidase 2 £ A 3L 1 tH(Karyakin et al 1994, Moscone et
al 2001). Prussian blue flime H3le] o]5S {7 a5
glassy carbon, graphite, gold electrode 52} &2 13 ZFof
SRS W A5 Aes FIAHTL BaEJATHLI
et al 2003, Mattos et al 2003, Ricci et al 2003). W2 £
A ol &= histamine™} diamine oxidase?] WH-S S3 A4
e s s ERH o R S flste] AT
A7NAEE7} =& MWCNTS AF8-3193 3, o37]l Prussian
blue filmS 43 AL&sATh AE 2GA=e] A7]sist
A< ZRls7] flste] GCE A=3 GCE®l MWCNT-NH,
F-2+ek 2=, GCESl MWCNT-NH, 9} Prussian blueg -
gk A=9] cyclic voltammogram &7 1 thFig. 2). ]
%2 GCE()& 718849l W= 719 Uehfi~]
H, MWCNT-NH,¢} Prussian blue 2% GCE(c)=
3V 2 lA] cathodic peakE HEA 1, 0.3 V& 0.2 VoA
5+ 709l anodic peakE YERNRAT}E ©]= Prussian blue’}
Prussain green . 22| AR Y0t ol 2} Prussain white=
o] gdnkgo] 7}9 A o 2 e redox peak”} FElo] LhEL
P A 2 2(Moscone et al 2001, Ricci et al 2003), ©|& g+ 4
= MWCNTS} Prussian blue2] =4 Al IHiksl2o U3
=2 A71A Eul @445 B9 Zhai ef al(2009)2] A Az}
o} AL TE MWCNT-NH, ¥+& -3¢+ GCE= oFF- *&]
BFA] GCEET} AF #He=e A Yepton, Pru-

oro =
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3}E MWCNT$} Prussian blue 252 2HJ A=l =913 7
G AgAFe] kst add tigk e Sk = Ale
gled = Uk
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Fig. 2. Cyclic voltammograms of the working electrodes

with different coating materials at injection of 0.1 mM hy-
drogen peroxide.
(a) bare GCE, (b) GCE with MWCNT-NH,, (c¢) GCE with
MWCNT-NH, and Prussian blue. Experimental conditions: applied
potential range, —0.7~0.8 V; background electrolyte, 0.1 M pho-
sphate buffer solution(pH 7.0); injection volume, 200 xL; scan
rate, 20 mVs .

9] peakE ZSASIT) Fig 3L Ibslei =3
714 Fxo wet Yehle 184 A/ g BT
3 ek ek Btksked g9 o] wrel S A FALel o
AL Fig. 49 2ol YERLTh 0.1~1,000 #Me] #4F
srd &S AR FRlEt 28 AR/E SH S 2,

T= 7l vlEstel 2 AR Sreke] R79) ghel 0.993

—_L.
Ao

—

il ofo

it

ETE AAAE Hle] LA ARl =9
£ J
=

AR ozn BHe) Hey

B
ox,
11X
9>~
2
x
o J
o
ez
O

375
s

4 275 - Ji

{=

£ 1

5 i

- i

3 17 *‘
1 fl‘x

T R e —
500 1000 1500 2000 2500

Timia(s)

Fig. 3. Typical type of response currents measured with
the working electrode according to the addition of hydrogen
peroxide.
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Fig. 4. Calibration curve for hydrogen peroxide measured
with the working electrode prepared with MWCNT-NH, and
Prussian blue.

Experimental condition: applied potential, 0.1 V; flow rate, 2.0
mL/min; background electrolyte, 0.1 M phosphate buffer solution
(pH 7.0).

o =4 4 Sk g BAELC de9A Q1A] we-& 3t
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A 2 (Shirashi et al 1993, Kim et al 2007) =43} v}
nAol A% 71X 3 YTk Bang ef al 1989, Ji & Kim 2011,
Won et al 2005). CNBr-activated sepharose 4B= =

FRAo g Agfste] AETH G4S FAAA FEZ &
27zl A3t XA 2 BE T David et al 1974).
3L, controlled pore size glass beads® W7g0] £ AL
o] golat] EAaGstE g HAE A5 o] ¥ ™ (Bhu-
shan et al 2008, Gomez et al 2006), amino group= 7}l con-
trolled pore size glass beads= glutaraldehyde FA}9} o]l 2

BE = FAE 7w dINA ATH S Ao ax kAl
540-FA ATAE A FoH(Yilmaz et al 2011, Ji &
Kim 2011).

Z} Aol diamine oxidase(0.72 unit/mg protein)E WH5-A]
71 % Bradford @& B4-& E3lo] coupling efficiency S
=73t A3} CNBr-activated sepharose 4B+ 48.5%, calcium
alginate:= 40.3%2] coupling efficiencyS X911, controlled
pore size glass beads®ll E4E FFHATAIZ AL 51%2
coupling efficiencyE WEF©] diamine oxidase] A|A|AH|=
A 7P =2 ARY S YEPAtKTable 1). webA] diamine
oxidaseE 1g3}sl7] $13t 584 EAZ controlled pore
size glass beads7} 7P A3t Aoz Hojx ot A Al
Eg}/] Hh-g- 7§ Al AF AL I g E oo stRR
45k histamine®l| T3k

4. Histamineol| CHSE M7 ZET

CNBr-activated sepharose 4B, calcium alginate, controlled
pore size glass beads 2] FAd EAE v slste] A2 gk
FAREST]E o] 8-31e] histamine T8l gt HF
SE=E5 =459 thFig. 5). 100 #M hitamineS TU} S u
78 A= CNBr-activated sepharose 4B, calcium alginate,
controlled pore size glass beadsll th3ll Z+Z} 120 nA, 110 nA,
140 nA=Z YERY controlled pore size glass beadsol] 117 3}A]
2 70l 71 e AF F4EE Yehigsh 2 5100
#M FE9] histamine &ollA R*GHe BE A4 0.9
o]ge] =& AFWAE E3lev, 1 FollA controlled pore

Table 1. Coupling efficiency of diamine oxidase for di-
fferent carriers

Carrier Coupling efficiency (%)
CNBr-activated sepharose 4B 48.5
Calcium alginate 403
Controlled pore size glass beads 51.0
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(c) Controlled pore size glass beads

Fig. 5. Calibration curve for histamine by the biosensor
system using enzyme reactors with different carriers.
Experimental condition: applied potential, —0.1 V; flow rate, 2.0
mL/min; background electrolyte, 0.1 M phosphate buffer solution
(pH 7.0).
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