
- - ----------- - - ----- ----------
798 

A BIOSPECIFIC MEMBRANE SENSOR FOR THE DETERMINA nON 
OF SUCROSE 

Lumir MAC HOLA N and Hana KO NE(-NA 

Department of Biochemistry. 
PurkYI1l! University. 611 37 Brno 

Received December 23rd, 1981 

The paper describcs a rapid method for the biospecif'ic determination of suc rose using an oxygcn 
electrode of the Clark type or a platinum disc anode, the measuring part of which is coated by a 
thin film of invertase, mutarotase and glucose oxidase co-crosslinked by glutardialdehyde together 
with serum a lbumin. Aftcr injecting the sample into the reaction vessel the current corresponding 
to the decrease of the oxygen content or to the formation of hydrogen peroxide in the enzyme 
reaction layer is registered. The steady state electrode response is proportional to the concentration 
{)f sucrose within the range of 0·03 to 1· 5 mmol . 1- 1 and is attained during 1- 2 minutes with 
a reproducibility of 3- 4%. 

Recently much attention has been devoted to the determination of biologically im­
portant substances using biospecific sensors, in which the enzyme reaction is trans­
formed into an electric signal. No reagents are needed and a rapid analysis of tlon­
transparent mixtures is possible. In the analysis of sugars various modifications of the 
glucose electrode l

- 3 are highly appreciated, a galactose electrode is known 3
,4 and 

so is the bienzyme sensor for maltose 5
, which makes use of coupled reactions cata­

lyzed by glucoamylase and glucose oxidase. 

In this paper the construction and the properties of an amperometric membrane 
sensor is described, which detects sucrose in the following way. In its catalytic layer 
three subsequent enzyme reactions take place: first the disaccharide is cleaved by 
invertase (EC 3.2.1.26) to a mixture of ex-glucose and P-fructose, then the ex-glucose 
is transformed by mutarotase (EC 5.1.3.3) to its p-anomer, which is the true substrate 
for glucose oxidase (EC 1.1.3.4), the last enzyme in the whole sequence: 

sucrose + H 20 ~ ex-glucose + P-fructose (A) 

ex-glucose p-glucose (B) 

g lucose oxidase 
(C) 
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Behind the enzyme fi lm either the decrease of the oxygen content by the Clark oxygen 
cell at -0'7 V reduction potential is measured amperomelrically or the hydrogen per­
oxide formed is detected using the platinum disc anode at a constant H 20 2 oxida tion 
potential +0·6 V. Because of its rapidity and sensitivity the new sensor method ca n be 
successfully applied for fo ll owing tbe kinetics of formation and util iza tion of sucrose. 

EXPERIMENTAL 

Ma terial and Method s 

Glucose oxidase (Grade J/, spec ific act ivit y 733 nk a t/ mg) was obta ined from Boehringer (Mann­
heim, FRG). Invertase W-D-fructofuranosiu ase) was isola ted from brewery yeast6 a nd as a lyophili­
zed preparation it had a n ac tivity 13. 1 p ka t/ mg. Mutarotase (a ld ose- I-epimerasel was puri ficd 
from pig kidney cort ex accord ing to Lapectese and C hase 7 with sO l11e l11odi fica ti o ns8 . E nzyme 
of specific activity ] 60 nkat / mg of pro tein was pur ified frOI11 N Ht ions by dialysis and kept in 
SOpl a liquots at - 16 ·C. 

Theactivity of glucose oxidase was tested fro m the initi a l velocity of oxygen consu mption mcasur­
ed at 30°C with a Clark oxygen cell in 0,] mol. 1- I potassium phosphate buffer of pH 5'6 conta ining 
0 , ] mol. 1- 1 glucose (reaction C). The solution o f glucose was preserved by 0 '02% sodium azide 
and used 24 h after the establishment of the Illut a rota ti on equ ilibrium. The ac tivity of mutarotase 
was measured polarographically9 at 30"C fro ll1 the velocity o f a -glucose oxidati o n before a nd a ft e r 
the addition of the enzyme in the prese nce of an excess o f glucose oxida se (reaction B a nd C). 
Reaction medium of pH 7 contained 20 Il1mo l . I - I of EDTA. The in vertase activity was deter­
mined at 30°C either by a conventi o nal colorimetric method l o, o r usin g an enzyme electrode (in 
the catalytic layer of which the invertase was omitted, see furthe r) in 0,] mo l . I- I sodium phos­
phate buffer, pH 6'0, containing 0· 2 mol . 1- I sucrose. The colo rimetric procedure gave results 
about 23% lower obviously owing to the inhibition of glucose oxidase by di a nisidin e l

. 

Prepara tion of Enzyme Layers a nd the Method of Measurement 

The enzyme layer for the determinati on of sucrose was prepared on a polyamide network ts ilon , 
25 mesh / mm2 ) by crosslinking 6 IJI of invertase (394 n ka t) , 6 III o f mut aro tase (7' 6 nkat), 3 111 of 
glucose oxidase (0'24 mg, 176 nkat ) and 4pl of ]0% bovine serum albumin using 2111 o f2% glutardi­
aldehyde. The a ldehyde was added as the las t component , the mixture was spread o n bo th sides 
of a circular area with a diameter of 7 mm a nd dried fo r 3 hou rs a t 4°C. Enzyme membra nes were 

kept in a dry state at 4°C. 

The basic sensor used for the determin ation of sucrose by the oxygen method was the C lar k 
cell (Au-Ag/AgCI , 2M-KCI , polypropylene me m brane) connec ted to an oxi meter VD Czecho­
slovak Academy of Sciences Mod. 66 with a co mpensatin g recorder e KBT] EN (MeJ3gerii tewerk, 
Magdeburg, GDR). A gold ca thode of a diameter of 7 mm was polarized to a constant po tentia l 
of - 0'7 V. For the peroxide method a pla ti num disc a node of a diameter of 3 mm was used , 
which was polarized to + 0'6 V L'S S.C.E a nd connected to an universal polarograph OH-I05 
(Radelkis, Hungary). In both cases the recorder scale was 250 mm with a speed drive of 1 cm 
per min. On the measuring pa rt of the sensor electrode a wet enzyme membrane was stretched 
and fixed by a rubber 0 ring. The enzyme layer of the Pt anode in the direction to the solution was 
covered by cellophane (25 pm) in order to limit the stirring effect. The glass reaction vessel equip­
ped with a water jacket and a magnetic stirrer contained :1 ml of 0,] mol . ,-1 phosphate buffer 
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with 0'027% of sodium azide. The sample or the standard o f sucrose was injected by a Hamilton 
repeating dispenser. The voltametric limiting current was measured and its steady sta te value, 
ta ken here for the response of the enzyme sensor, is expressed in micro:tmperes in the case of the 
peroxide method a nd in mm of the recorder sca le or in kPa (after recalculating to p02) in the case 
of the oxygen method . 

RESULTS 

Preliminary result s with a membrane containing immobilized invertase and glucose 
oxidase only showed that for sucrose the response of the sensor is slow and cannot 
be welJ read (Fig. 1) owing to low spontaneous mutarotation of ex-glucose. Accelera­
tors of mutarotation i.e. phosphate ions or histidine did not have a substantial 
effect on the response. Only after incorporating mutarotase into the reaction layer, 
an increased sensitivity and a rapid response with a well developed plateau corres­
ponding to the steady state current value was obtained (Fig. 1). 

The composition of the three-enzyme layer was optimalized so that the effect of 
the variable amount of individual enzymes was appreciated according to the slope 
of the calibration curve measured at the pH corresponding to the average pH of 
the pH optima of respective enzymes (Fig. 2). Constant amounts of 2 III of 2% of 
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Electrode responses for subsequent additions 
of various amounts of sucrose (in Ilmols) 
into the buffer. 1 sensor with a three-enzyme 
layer, 2 mutarotase was omitted. x axis - ti­
me, y axis - the decrease of paz behind the 
membrane in kPa. 
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FIG. 2 

Optimalization of the enzyme composition 
of the sensor reaction layer, x axis - enzyme 
activity in ~lkat , y axis - slope of the 
calibration curve for the respective substrate. 
1 glucose oxidase at pH 5'6, 2 mutarotase 
(multiplied by a factor of 10) at pH 6'3, 3 in­
vertase at pH 6·0. 
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glutaraldehyde and 0·4 mg of bovine serum albumin were always uscd to form a com­
pact membrane. In the case of thc mcmbrane wi th glucose ox idase only, 180 nkat 
was a sufficient amount to reach the optimal steady state response for an equilibrium 

mixture of ct.- and ~-glucose. Two-enzyme membrane co nt aining in addi tion to the 
above mentioned amount of glucose oxidase a variable amount of mutarotase nceded 

an amount of8 nkat of the latter enzyme (determined, howevcr, lIsing a subsa tura tion 
concentlation of ct.-glucosc9

). In thc third SCI ies of measurements with a complete 
three-enzyme membrane electrode containing a val iable amoun t of invertase a n opti­
mum amount of 400 nkat of the enzyme was found using sucrose as a substra te. 

The optima\ized membrane contained a tot al of O· 72 mg of the protein, which corres­

ponds to a weight ratio of 18 : 1 with the respect to the amount of glutaraldehyde 
used. The amount of gluta raldehyde is sufficient for the rcticulation of] mg of the 
protein l' . 

The response of the enzyme sensor depcnds on the pH of the reaction medium. 
In 0·1 mol. 1-1 potassium phosphate buffcr the pH optimum is at pH 6·5 (Fig. 3). 

Compared with the arithmetic mean value of the pH optima of the three components 
of the enzyme membrane it is shifted by 0·5 pH unit towards the neutral region. 
Obviously, the acidification of the microenvironment of the anchored enzymes by 

the resulting gluconic acid must be compensa ted by a higher pH of the buffer. 

60r--r----~---.----_r----TO 

40 

5'5 pH 
75 

FIG. 3 

pH Profile of the sucrose sensor in 0·1 mmol . 
. 1- 1 potassium phosphate buffer at 30°C. 
x axis - final pH of the reaction medium, 
y axis - slope of the calibration curve. 
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FIG. 4 

Calibration curve for sucrose measured 
by the hydrogen peroxide method (1) and 
by the oxygen method (2). x axis - con­
centration of sucrose in mmol . ) - 1. y axis -
steady state electrode response in JlA (H20 2 
measurement) and in p02' respectively. 
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The dependence of the steady state sensor response on the variable sucrose con­
centration in potassium phosphate buffer, pH 6,5, was studied with respect to the 
linearity of the calibration curve. Using the oxygen method a linear dependence in 
a concentration range 0·03 to 1·5 mmol . I- 1 (Fig.' 4) was found. The lower limit is 
given by the sensitivity of the respective type of the Clark cell and the upper limit 
corresponds to the diffusion current of oxygen decreased virtually to the residual cur­
rent value of the oxygen cell. The correlation coefficient in a series of 15 calibration 
curves had an average value of 0·998 and the variation coefficient for repeated addi-

TABLB I 

Stability of the three-enzyme sensor layer. Steady state response of the sucrose sensor was mea­
sured by the oxygen method at 30' e and pH 6' 5 and is expressed by the slope of the calibration 
curve (ll.p0 2 in kPa/ llmol of sucrose). 

Period of 
storage 

days 
slope 

4·7 
15 4'6 
22 3·8 
36 3·1 
50 3·0 

kPa Ol 

17 

Membrane in a buffer at Dry membrane at 

20De 
reI. ~,~ 

100 
98 
81 
66 
64 

4°e 200 e 4°e 
_._-- ---

slope 

4·8 
4·6 
4'5 
4·3 
3·7 

reI. % slope reI. % slope reI. % 

100 4'0 100 5·3 100 
96 3·7 92 4·9 92 
94 3·7 92 4·6 87 
90 3-6 90 4'7 89 
77 3-6 90 4·6 87 

FIG . 5 

Sensitivity of the sucrose sensor for various 
saccharides. x axis - saccharide concentra­
tion in mmol . 1- 1 , y axis - steady state 
electrode response in p0 2' 1 rafinose, 2 mal­
tose, 3 sucrose, 4 glucose, 0' 1 mol. 1- 1 

!----'-..L---.....L.--A--L------r!O·4 potassium phosphate buffer, pH 6'5, 30°e. 
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tions of the sucrose starting with 0·6 11111 01 was ± 4%. Using t he peroxide method 
linearity was obtained up to the concentration of 0·33 mmol. ) - 1 on ly (Fig. 4) 
with a variation coefficient for a series of sucrose samples ± 3%. 

The saccharide-type substances as lactose, L-sorbose, o-fructose, D-galactose, 
D-ribose, D-arabinose, D-xylose, o-manitol, volemit ol and glucosamine gave no 
response. None of these substances decreased the response of the sensor for sucrose. 
Compared with sucrose, only glucose (145~u) , rafinose (35%) and maltose ( Fig. 5) 
gave positive responses . The latter sligar di splayed a non-linear concentration dcpen­
dence due to the inhibition of glucose oxidase. The inhibiti on is reversible , in a new 
medium without maltose the sensor recovers it s original scnsi ti vity to sucrose. The 
interference of maltose is probably connected with the presence of traces of gluco­
amylase in the enzymes used. On the o ther hand the sensitivity of the sensor to rafinose 
is due to inherent properties of the yeast invertase . H owever, thi s trisaccharide usua lly 
does not occur in any substantial amount in biological material. The effect of glucose 
present in the sample in addition to sucrose can be largely eliminated if thetotal res­
ponse is corrected for the value measured under the sa me conditions by a sensor in 
the active layer of which invertase was omitted. 

The operational durability of the three-enzyme electrode was followed in the 
course of one week, during which tbe se nsor was in use a total of 16 hours and 270 
additions of 0'15 mol . 1- 1 of a sucrose standard were measured. The sensor was 
kept overnight in a buffer, pH 6'5, at 4°C. After thi s peri od the slope of the ca libration 

curve was 2% lower. 

The long-term stability was controlled by a periodical measurement of the response 
with the oxygen method using four optimali zed layers kept separatedly from the 
electrochemical sensor at two temperatures in a 0'1 mmol . I - I phosphate buffer, 
pH 6'5, and in a dry state (after the measurement of the response the layer was desicca­
ted again). From the results shown in Table J it follows that it is suitable to keep the 
layer dry. After 50 days the slope of the calibration curve was only about 10% lower 
and the time neccessary for attaining a steady response wa s moderately prolonged 
(90% of its value within 1 min). The membranes kept in the buffer desintegrated in the 
course of time possibly owing to bacterial degradation. 
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