ANALY$ICAL SCIENCE & TECHNOLOGY

(Journal of the Korean Society of Analytical Sciences)
Vol. 8, No. 4, 1995

Printed in the Republic of Korea

Enzyme Sensors Modified with Avidin/Biotin System-
based Protein Multilayers

Jun-ichi Anzai, Xiao-Yan Du, Tomonori Hoshi,
Yasuhiro Suzuki, Hiroki Takeshita and Tetsuo Osa

Pharmaceutical Institute, Tohoku University, Aobavama, Sendai 980-77,
Japan.
(Received Nugust 200 19935)

Abstract: Lnzyme multidayers composed of avidin and biotin-labeled
enzymes were prepared on the surface of electrode, through a strong affinity
between avidin and biotin (binding constant. ca. 1015 M-1). The enzyme
multilayers were useful for the improvement of the performance characteristics
of cnzyme sensors  The output current of the enzyme sensors depended
lincarly on the number of enzyme lavers deposited.  Thus, lactate oxidase
(1.0x) and aleohol oxidase (A IOx) were depostted after being moditied with
biotin for constructing enszyme sensors sensitive o L-actate and cthanol
respectively. Tt was also possibic to deposit o different kinds of enzymes
successively moa smgle mululayer. The glucuse oxidase (GOX) and ascorbate
ovidase (AsOx) were butlt into a mululay er structure on a Platinum electrode.
The GOX AsOx multdaver-moditied clectrode was uselul for the elimination of

ascorbic acid interference of the glucose sensor

Keywords : Enzyme mululaver. knzvme  sensor,  Avidin-biotin
complexation, Ghlicose oxidase, Lactate oxidase, Alcohol oxidase, Ascorbate

oxidase

1. Introduction
mass:67 000) found in egg-white. 1t is isolated as a

An avidin-biotin system has been widely used ma tetramer ol identical 128-restdue polypeptide chains.
vanety  elds such as alfinity chromatography[1], The most characteristic feature ol avidin 1s that cach
binding  assay (2] and immunochemical  stans] 3, suhunit contams a binding site to biotin and forms a
Midin s a highly stable glhveoprotemrn (molecular highly stable complex with biotin or us dervatives,
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Ka = 1015 M-

Avidin Biotin

tig. 1. The complexation between avidin and biotin.

1) Avidin
2} Enzyme

Lig. 20 Stepwise deposition of avidin and biotin-fabeled enzymes on

a Ptelectrode surface.

the association constant being reported to be ca. 1015
N (Fig 1), For this reason, many kinds of biotin-
or avidin-labeled reagents, including [Tuorophores,
ectins. DNA and RNA, and enzymes have been
developed and are now commercially available.

Based on the strong non-covalent binding hetween
avidim and bhiotin-labeled enzymes. several authors
have reported the preparation of catalyvucally active
enzyme favers on the surface of electrodes[ 5-8]. We
have reported that avidin can be deposited on the
clectrode surface o form  monomolecular or
mulamolecular laver. by a simple adsorpuon or
clectrodepositon[9-14]. A stepwise deposition of
avidin monolayer and enzyme monolaver was also
posstble to prerare a multifayer structure of proteins
Fhus, enzyme sensors equipped  with a glucose
oxadase (GOX) mululaver were developed and the
output current ol the sensor was controlled by
regulating the number of the GOX lavers deposited
f15-17]

The present paper reports the preparation of
cnzyme sensors modified with lactate oxidase (LOX)
and alcohol oxidase (AJOxX) multilayers. Theenzyme
multlay ers composed of GOx and acorbate oxidase
CASON) monolayers were also prepared 1o construct

the  enzvme  sensors which are tree from an

1) Avidin
2) Enzyme

X
- HN NH

CH, 3 COOH

E : Avidin,

: Enzyme

ascorbic acid interference.

2.Experimental

A commercially available avidin (Calzyme Lab.)
was used without further purification. The enzymes
(GOx, LOx, AlIOx, and AsOx) were labeled with
biotin using biotinyl-N-¢-aminocaproyvl-N-hydroxy-
succinimide  ester  according (o the  reported
procedure[ 18], The modified enzymes contain
several biotin residues in a single molecule.

A typical procedure for the preparation of enzyme
multifayer 15 as  follows; a platinum (Pty disk
clectrode (3 mm diameter) was polished with alumma
powder and sonicated in distilled water.  The It
clectrode was immersed n an avidin solution (100
ugml), o phosphate butfered-saline, and a biotin-
labeled enzyme solution (100 ugml) successively for
20-30 min cach. By this treatment. the Pt electrode
can be modified with a double-laver composed of
avidin- monolayer and  biotin-labeled  enzvme
monolayer. The same procedure was repeated
order to deposit the protein multilavers (Iig. 2). The
clectrochemical  measurements  of  the  enzyme

multilaver-modified electrodes were carried out in a
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Fig. 3 Typical responses ol the avidin LOX

multilay er-modified lactate sensors w0 1 mM L-lactate,
[L.Ox layerss monolaver (a), 5 layers (h), and
10 fayers (o).

phosphate bufter pH 7.4) at 23 "C using a Pt counter
clectrode and a AgAgCl reference electrode.  The
clectrode potential was set at 0.6 V.

3.Results and Discussion

Piguie 3 shows o typical response of the lactate
sensors modificd with a monolayer, S-layver and 10
clectrochemcal response of the

Javar T The

lactale sonsors origmates from e facr that PO
cataly zes tie oxidation reaction ot -lactate, o the
produce  pyiuvate and

preseiee o oxygen. o

v drogenperoxide (11,05) (Lig. L), the later of which

can be oxidized at the Pt electrode surface at 1.6 Vv

Ve Agl The ouput current (A of the lactate
[ @A )

L-Lactate + Oy e Pyruvate + HoO: !

sensors ncreased  with increasing the LON lavers,
suggesting (hat the LOX was accumulated successively
on the clectrode  surface  throngh  avidinbiotn
complex tion and that the botin-labeted LOK 15 sull

catalvticolly acuve i the multilayer siructure. On the
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multiay er-modified sensors.
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contrary, when native LOx bearing no biotin residue
was used 1n place of biotin-labeied LOX, Ar was small
and did not mcerease even after several treatments with
avidin and 1.Ox. This shows clearly that the repeated
deposiion of avidin and biotin-labeled LOX relies on
the speatic binding between avidin and biotin,
\nother mteresting [eature ol the lactate sensors 1s
that the response time was very fast (ca 10 see) and

rematmed  virtwally  unchanged. wrespective of  the

number of LOX lavers. These resuils suggest that (e
enzvimge lavers are so tin that they do notinfluence
stgmebeantdy the mass transter of analyvie and reaction
products of the enzymatic reactson. In this case, the
response ume of the sensors would be determimed by
the rate of the enzyvmatic reaction

Brgure 4 llusirates calibratton graphs of lactate
sensors loaded with a monolayer. S lavers and 10
lavers of  botn-labeled 1.00x. The monolaver-
moditied sensor gave a uselul calibration o [-lactate
concentration ranging from 1x10-210 [x10-5 M below
which the autput current was too small (less than 10
nA) for practical use. The lower detection limit was
extended o (15x10-¢ M by the deposition of [0 LOx

layers
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Fig. 5. Lffect of successive deposition  of biotin-

labeled AlOx layers on the output current of alcohol
SCNSOT.
Lthanol concentration: 10 mM.

Another example of the enzyme multilayer-

maodified  sensor i alcohol sensors, which were
prepared by depositing avidin AIOx multilayers on a
Pt clectrode. AlOx catalvzes the oxidatiion reaction of
cthanol o acctoaldehvde (1:q. 2). The resultant
CILCTLOH + 0y 2% CILCHO + 1,0, ()

10, can be oxidized clectrochemically on the
surface.  Figure 3 plots the output current of the
alcohol sensors to 10 mM ethanol as a function of the
number o AlOx lavers on the electrode. A clear
dependence of the Ai value on the number ol AJOx
layers was observed. The MOx muliifaver sensor can
he used for the determination of u\ - and mM level of
cthanol in solution. The long-term stability of the
The Ai
value {0 10 mN] cthanol was recorded once a day, and

aleohol seusor was examined for one month.

the sensor was stored in the working buffer at 4 °C
when not in use. Nore than 90% response of the
original Al value was maintained alter one month.

Thus.itis clearhy demonstrated that the alternate and
repeated deposition of avidin and biotin-laheled 1.0x
and  AIOX can active

eive  catalyucally enzyme

multifay crs and that the total activity of the enzyme
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Fig. 6. The response of 10-laver GOx-modified

glucose sensor to ascorbic acid.

Pt 10-layer GOx

10-layer AOx

Fig. 7. A schematic representation of an idealized
multilayer structure composed of GOX and AsOx on the
Pt electrode.

multilayers depends  directly on the number of
cnzyme layers.

One of the drawbacks of the electrochemical
enzyme sensors is the interference arising from the
direet oxidation of easily oxidizable substances such
as ascorbic acid and uric acid in biological {luid. In
order to climinate the interference, the surface of the
cnzyme sensors are often covered with an appropriate
permsclective membrane.  For example, the negatively
charged Nafion and Lastman AQ membranes have
been used (o climinate interferences from the anionic
acid[1920].

ascorbic  acid  and uric Cellulose
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membrances are also used to minimize the mterference,

duc o the size exclusion  properties| 21} An
alternative strategy for the elimination of iterference
is Lo use an which the

outer enzyme laver in

interlering substances can he  decomposed
enzymaticatly. Thus, AsOx has been used o ehminate
the ascorbic acid interference{21].(kq. 3).

. . AsOx
Ascorbic acud + 12 )y ————3

Dehydroascorbic acid + [LO  (3)

These results have prompted us o prepare enzyme
multilavers composed of GOx and AsOx layers. for
the development ol glucose sensors which are free
from ascorbic acid interlerence.

Iiguer 6 shows a typical response of the glucose
sensor modified with 10-laver GON membranes to
ascorbic acid. The sensor exhibited a high response o
ascorbic acid at 0.6 Vovs Ag A gCl (in other words, a
significant interference W glucose determmation):the
oxidation current for ascorbic acid being higher than
that for the same concentration of glucose. Thus, the
physiological level of ascorbic acid in blood (ca. 0.1
mAMy would cause a significant overlapping m the
output corrent of the sensor in glucose determination
1t should he noted here that a bare Pt electrode gave a
several times higher oxidation current than the 10-
elecrode  to the  same

laxer  GOx-modilied

concentration of ascorbic actd.  This means that the
dilfusion of ascorbic acid from solution to the surlace
ol Ptelectrode is suppressed to o considerable extent
by the ID)-layer avidin GOX multlayer. However s
clear  the  further  elimination ol ascorbic  acd
interference is still needed.

We have prepared enzyme multifayers composed ol
10 GON lavers plus outer [0 layers of AsOx on the It
clectrode (g, 7). by a stepwise deposition of avidin
and  biotin-labeled  GOX and AsOn [ this
configuration of GOx and AsOx layers, one can
oxidized  to the

cexpuct  that  ascorbic acd s

clectrochemically  inactive  form (dehy droascorbic
actd) 1 the outer AsOx laver and the concentravon of
the P

depending on the catalvtic activity of the AsOx laver

ascorbic acid  at surlace can  he lowered

Vol. 8, No. 4. 1995
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Fig. 8 Effect of ascorbic acid on the glicose

determination by glucose sensors with and without
AsOX outer layers.
() 10-layer GOx modilied sensor and (b) (10-
laver GOX plus 10-laver AOx)-muodified sensor.

On the other hand, the outer AsOx layers may have no
significant influence on the diffusion of glucose mto
the GOx layers. Thus, we can eliminate the ascorbic
acid mterference based on the GO« AsOx mululayer-
modified sensors. Figure 8 depicts the response ot the
t0-laver GOx-modified glucose sensors with and
without the outer AsOx lavers. The mtluence of the
physiological level of ascorbic acid (1.1 mAI) on the
output current of the sensors to 3 mM glucose was
recorded. The glucose sensor without AsOx lavers
showed ca. 12 uA of output current in the 5 mMl
glucose solution and the further additon of 0.1 mMl
ascorbic acid mduced 0.4 pwA of interference (Fig. 8-
a). On the contrary, as shown m Fig. 8-b, the ascorbie
acid interference was eliminated completely in the case
of the GOx AsOx-modified sensor. These results show
that the outer AsOx layers catalvzed the oxidation
reaction ol ascorbic acid to reduce the concentration

of ascorbic acid at the It electrode surlace

Conclusions

We have demonstrated that enzyme multilayers can

be prepared on an clectrode surface using avidin and



596

hiotin labeled enzymes, by a stepwise deposition. The
deposiion was performed simply by immersmg the
clectrede o the avidin and  biotm-labeled  enzyme
solutions, alternately. The avidin and enzyme layers
are connected with each other throvgh a strong non-
covalent binding between avidin and biotin.  The
ensymie foading or the number of enzyme layers can
be controlled by regulating the deposttion number,
which cnabled a stepwise and precise control of the
size ol the output current of the enszyme sensors,

[ is atso possible to construct bienzy me multilay ers
compoesed of monolayers ol GOs and AsOv - The

GON ASOY multilay er-modified  glucose  sensor s

usetul  for  the  eliminaton  of  ascorbic  acid

interference, because the wterfering ascorbic acid can
AsOx

dehydroascorbie

be  oxidized in the lavers to the

clectrochemically  mactive acid.
Thus, 1 s possible 0 determine the blood level of

glhucose withont ascorbie acid interference.
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