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Characteristics of Alcohol Biosensor System with Immobilized Catalase

Hyun Joo, Yong Hwan Kim, Suk Hun Byun and Young Je Yoo!

Department of Chemical Engineering, Seoul National University, Seoul 151-742
(Received 9 March 1995; accepted 11 September 1995)

2

A4 wEg F3hd Ao
qurstedct. Azt A E iy
A e 30-90 seconds o1 W& StEA)-S-

ot ohie} thE dmEFol Petelx HgHel Udm A4S FPusle
nof F3c} ol 71&2) NAD(H) & §Al0] g8l Folo} ah

g¥

G2 AL whel 2N E Alabstel o,
@A aystna ke dmee AAe

spabsbe el FalAbEal Ak ¥R E £330 HFE

A7 g AE g2 HE JEAS
ube3.olo] £ TFso] catalase2}e)
g3l HAse e
18 mM
dng

Breastis T2 dFE AGEL FE ol 3k AFAIANS AR 25 o ¢ g HEA AR 7] E

22 A& Aa"e gAY

A o b
+ 9lg Ao

7l =lch

Abstract—An ethanol-sensing biosensor was developed using catalase reaction. The method consists of supplying

alcohol and given concentration of hydrogen peroxide, which reacts competitively with catalase. The resulting amount
of oxygen from this reaction is analysed using a dissolved oxygen(DQO) electrode. The sensor can be also used for
alcohols other than ethanol. In the developed sensor, the measurable concentration range was about 18 mM of ethanol
and the response time was within 30-90 seconds. The proposed sensing system is simpler and better in sensing
performance compared to the systems using alcohol oxidase or alcohol dehydrogenase where NAD(H) has to be
supplied.
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Fig. 1. Schematic diagram of a developed alcohol biosensor system.
1-galvanic type dissolved oxygen electrode system, 2-poly(tetra
fluoro ethylene) membrane, Teflon, 3-poly(vinyl alcohol) mem-
brane, 4-immobilized catalase, 5-mixing chamber, 6-10 K var-
iable electrical resistance
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poly vinyl alcohol(PVA) 2}-& A=} A}-4-8}9]c}. Catalase(EC 1.11.1.
6, 2800 units/mg solid) = Sigma Chemical Co.2%-E] +3]}%t}.
1-unit¥= 25C, pH 7.02} sodium phosphate buffer(Na,HPO,-NaH-
PO,, 100 mM)ell 4] 1pmole®] #HAtslra g 1% Fabel E3llsh=
ko g Aojsle] ag-slgir). Alx9] A 24| catalase d i B4
b2 ¢)38led 0.5 mLY sodium phosphate buffer(pH 7.0, 100
mM)d 94717 HEE fel gl Heor 7FER $X F,
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No., 1820 047)2] Ewef Y3 Fo FHAA nAsteiai) oF
5417t A AFHz7) BaF Ao} o] DO HFo] Tef-
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den)7} =& slg)on, o5 AR Ao BE YA X (stor-
age activity)+ 347t A3-¥ vl A3} 4 (free enzyme) Hr}lkE
oF 20% o] 4 ¥ VA EE Bolch npel e Al o] Al Fret
Z37)F2] 742 Fig 1o vebt ok
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Fig. 2. Reciprocal plot for catalase reaction with ethanol for various
level of hydrogen peroxide.
(1) 20 mM H:0,, (2) 40 mM H;0..
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Fig. 3. Effect of ethanol concentration on hydrogen peroxide reaction
rate in the catalase reaction.
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23 ks 39 shgl e F-aol A FotE o8] B ATl
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ol 4 ellgbe rx7} 25 mM(a-point FE71H) olstz}h =wl c}4]
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Table 1. Comparison of reaction characteristics between catalase and hydrogen peroxide in the presence of alcohols and inhibitors

Hydrogen peroxide Ethanol Methanol
No [mM] [mM]
T 188 16
2 18.8 1.6 31
3 18.8 1.6
4 18.8 1.6
5 18.8 1.6
6 18.8 1.6

_Butyl alcohol
(mM]

Acetic acid Acetaldehyde Maximum
[mM] [{mM] ~ [mM] rate changes*
. control
+12.5%
13 +425%
2.2 - 6.7%
22 +55.8%
0.1 0.1 - 023%

*the values were measured after 20 seconds
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Fig. 4. The effect of alcohol substrates and inhibitor on the catalase
reaction.
(1) 1.6 mM ethanol, (2) 1.6 mM ethanol+ 1.3 mM butyl alcohol,
(3) 1.6 mM ethanol+2.2 mM acetic acid.
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ol -goll 2 B sty HaHQl szt S e oF (+)12%
Hzutol F7hE ] kot e, e 43g Hr) Al ofvkE
FEo oF 0.8u] Aol E Bk HA HAsles: ARSTE
el (+)425%9) 3715 Borh oleid e F 43 7
kel A& o E vhEE Aol 7113t Ao vebytd], Fig. 49
o]el gt & 7}r} A vhebt Qlth Fig 49] (1) pAbskpie ¥E25
WA A7, 1.6 mMe o|gt-go] uhg o] o] HoF o 7
3lpae] 429455 Jeld Lineweaver-Burk £4] Z3}o|t}
289 ()L (1) Fd3 whs-4 24 Sof 1.3 mM2| ¥4
@22 A Hrrekel-s e i 27 28428 7
grold, (3)-2 catalased) ¥4 AMaAzH {r]Ake) A2F oo}
27] 9)5te] 22 mMe] oM EAS Hbe A+E ehd Aelth
aYel A RBo] FEo] oeb2 fAR e i go] FAf
Lol] Feldhz 7S catalaser °| ¥ £F9 4F L 2L 7|E
24 <48t w2 FPFE FAF F Aok o) o AFE
Hrtol| wWE mAbstp4e) AR A4S HAl(apparent) § Michaelis-
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NAD#} f-AHgF d €8 & BojEct
ol 7}t e AAE FHste] & o), catalase A& FS FFY
2RI} A9 ASve 7L 714 Qs g8 $79 ¢
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Fig. 5. Linearity of ethanol concentration with output voltage of DO
electrode.
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DR J3g FEEHA & FEHS ool ool && ¢ 4
Usdet zE{vh Jubdql mhE o AYef] 3 8-4] %—\':3}5:- o] 5 o4
EAb} ofH Ecte] 3] =9 Hy FE& olghE gl v]ste] 0.01-
0.05u) HxZ He ko] Easm[14], o] E FXol A= catalase

Ao} ubg7) ol d g T2 @gol S ko] A=
(Table 19] 611 A& A 3x). aeba 22 Age ofe) 4k
Fo| Ealsk= AA Hax ol 24 o849 5 gL Aoy 4}
g3

-l..

4-3. HIEtE of|SHE MirMel BYH 24

A o] 71FH 9 (reference voltage) ) §7& $)5lo] ko
2 FUEE FAastra] g Fig 2004 waial v} zhe) A4
&4 A @A 20mME AHA FA 471N o b ES
0.625 mMeoll A 50 mM7E2] HEt Al A zF Lol tfsio] WAIE AL
28 DO HFE 3l 2w Hohg A EdsE
20 mMe] FHatslea 57| Ao ofste] Helvieb{voltmeter) 9]
3F 359 wAAste] HL 100mV7l HEE A3 g 23l

Table 2. Characteristics of the developed alcohol sensor

Ethanol Avg. measured Calculated Respoﬁ;g
concentration voltage voltage* time
[mM] [mV]+ SD. [mV] [second]
1.56 94+ 1.3 92.21 30
375 82+28 83.32 30
7.50 72+ 05 68.06 38
16.1 33+ 05 33.08 90

*[voltage, mV]=98.57+(—)4.0679 X [EtOH, mM]

S AHEE ogg Fwvl 18mM o)ste 4
DOHF % °J°l ’*4%“" ol FAF Bel™ 1 A= Op-amplifier At
(mV)=—4.068x[EtOH, mM]+98570]c}. a3t A3kA5(R?)
= 2F 096724 vlwA A3 g A& F Uk ot A&
7V FXx Fig 29} 39 Aol doz! o) ubg F80)
Fag olekE FE(f 5mM)Holy vwd 2 42 18 mM
Hx 2 vepyted], ol AHEE PVA 2H(membrane) Abo] ¢} ¥
Zpolell 7]alxl Aoz Yzhe)wl[15], Joos} Yool16] B2l Al&lel
M= A2 PVAREE shabshea 5 odicks 71" Sl disto] 2t
B FmalelE Hels Alew ;‘?—J‘El" oick zejut =t 9%—‘%0*1
18mM o]te] elgkgol F9) Aoliz FH=|o] vhe: £&4kn
EA7)e) AIEL il B2 EE5Y AN y_oiu} zﬂ £33
Ao A2 ikl A7kl g 54 52 Table 20 vhepo}
ek lgbEe] FEe oF 15181 mME W3 A7 H3S 4
dgatglon, 4 FEE A whEALE of 4.75 4o} o] u
Fig. 5¢} Table 2ol A= -Er g ouFel AR AlMe dYFLR
FEe ey 20 mMol hslod A &8sl calibration
gee 7Ho, Aabgl vlele Al gebal e 30-90% YR
A FFE HoT 3;m5]oit} dutE e g B ool apaH
galvanic ge]e] DO =9 4% 0, £§Ml 015‘; A 7be] oF
30 A=® el °'L[ﬂ 7 zhg) A dstl detbx
Aded 22 F27F TmM ojste] A E °—, 30 40 He7}
285H, 15mM o4 He= DH?«NE 902 AT} Lo
AFE NeEEY A MY SHEET mH R e s
dlgb&ol Hrkd AT AAg vle] el M 433 wE
54% e Aoz depsdd olel 32e Wl Fig 39 ubg
EEH Aol A of 7 o] uhgol Foishz 3pabslpae] o)
ﬂl‘*% ii"-] —’57}4} glstel HY Fojhe] BN
&3
o,

.

£
2
1
i
X

s

TaetAl £ oot Al wreel &
%EHVF ﬂl%%i’%—"% Hh-g-oll Eafslr] wfgog AAS9). 1

2} o9} 22 St s obAg W Ast a4y} o] £ A4 (40

= o) Mrkes et okat g ARStAAE AREshs Al (2-58) el
ulato] o ¢ wh2 SHAZHE BE o 4 Aded(l 7] o)k #
Absb A 7)Aol o & catalase & 42 “"F‘ 4Hg-H ghg-of] 7]]15}h
FakstpankS o] &3he Al el Aol % o] A7 whE 3 ‘d%‘*é"l

g e} U116 Wb B g Faod A zte dR e 2L
vloj 2 A A= 4 3174e) NAD7E R 753 o3& &5 §}£[_’;:-

NAD(H) 2§33}, 723 FAHo2 J& 713 EolAzt §7)4
ol o] okt tHE T 714l UFE ABSLE AV} AEE 7| EY AEg
Al~ele) bS8 a4 4 olgioh wheba] Al 2HE catalase & 4
AFA o R 3l YT E vfe]l ol 7]E9] k3L wpole
Mg Al 7 ol PSS Al sk

HWAHAK KONGHAK Vol. 34, No. 1, February, 1996



5.d £

oflgbe A5 f3te] kst daE dah
g 2 o#Al catalase & 01%#%'4 Ax 8] 8 dele Loﬂ
g3t atstas & 71EE A HRAIA B e Ak

3

_Q.Alqll—_

55 £240 DO 438 Fod 24 UL ol 4hach
g Adol AHEHE catalased] WEEEEHY BAE Fojol

Fatshriet ofvbE 71 whgo R Al eAdg
d I A o] Foig

ANE Addsiich A48 EiE AR} dwe ez $d

B el sl 718 W3S ARG Soled, oh ko)

d57h o9 A vhebdeh AAE o ulo] L4 E o

4 H917h 48R PVASHS] ko 7] 21slo] 18 mM AE A

B4 Rselela, $RAITE 30002 o WE 4% AP E

HoFgch

AE3em,

A
N

H

4 At
¥ A7 AUsel %&%ﬂE}ZHM%J AEFHAFAE, 1

d1 ARe £obE oA, U, WEA, YRBA FA=R
e}

1. Aizawa, M.: Analytica Chimica Acta, 250, 249(1991).
2. Turner, A.P.F., Karube, 1. and Wilson, G.S.: “Biosensors”,

aistast M34A H1E 1996 2%

-8 HaE

10.

11.
. Dalziel, K.: Acta Chem. Scand., 11, 1706(1957).
13.
14.

15.

. Walsh, C.

Fo3

Oxford Science Publishers, Oxford(1987).

. Wingvist, F., Danielsson, B., Lundstrom, 1. and Mosbach, K.:

Appl. Biochem. Biotechnol, 7, 135(1982).

. Yabuki, S., Shinohara, H. and Aizawa, M.: /. Chem. Soc. Chem.

Commun., 1, 945(1989).

. Ishizuka, T. and Kobatake, E., Ikariyama, Y. and Aizawa, M.:

“Technical Digest 10th Sensor Symposium”, 73(1991).

. Belghith, H., Romette, J. and Thomas, D.: Biotechnol. Bioeng,

30, 1001(1991).

. Guilbault, G. G. and Lubrano, G.].: Anal. Chim. Acta, 69, 189

(1974b).
“Enzymatic Reaction Mechanims”, Freeman and
Company, San Francisco(1979).

. Schonbaum, G.R. and Chance, B.: “The Enzymes, 3rd. ed.”,

eds. Boyer, P., Academic Press, New York, 13, 363(1976).
Chance, B. and Maehly, A. C.: “Methods in Enzymology”, eds.
Colowick, S. P. and Kaplan, N. O., Academic Press, New York,
2, 764(1963).

Fromm, H.]J.: Biochim. Biophys. Acta, 81, 413(1964).

Rudolph, F. B. and Fromm, H. J.: Biochemistry, 9, 4660(1970).
Kim, J. H.: “Effects of By-Products in Ethanol Fermentation
and Optimization of Ethanol Production Process”, Ph.D. The-
sis, Seoul National University(1993).

Brannon, M. L. and Peppas, N.A.: | Memb. Sci, 32, 125
(1987).

. Joo, H. and Yoo, Y.]J.: Biotechnol. Techniques, 5, 453(1991).



