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A sensor method has been wo rked out for the determination of spermine and spermidine in con­
centrations 0,02 - 0·5 mmoll - 1 . The method is based on amperometric measurement of the 
consumption of oxygen and the fo rmation of hydrogen peroxide in a reaction catalyzed by cross­
linked polyamine oxidase from maize. One determination ta kes 1 to 2 min, with phosphate 
buffer a~ an only reagent. In the dry state the biocatalytic layer of the sensor was stable for 
at least 8 months. The optimum conditions for the analysis are described and the applicability 
of the sensor to urine samples is dea lt with. 

In view of the generally accepted significance of biogenic polyamines, spermine 
and spermidine, in syntheses of nucleic acids and proteins in early stages of develop­
ment, differentiation and transformation! - 3, and as markers of the tumour kinetics4

•
5

, 

the problem of their determination is attracting more interest. The electrophoretic5 

and chromatographic6
-

9 techniques, which are commonly used for biological mate­
rials, are largely time-consuming and demand expensive equipment-.-The invention 
of the biospecific electrochemical sensors, the so-called enzyme electrodes, introduces 
the possibility of a rapid and simple screening method for a large number of samples. 

In a previous paper! 0 we described an enzyme sensor based on the Clark oxygen 
cell coated with a layer of cross-linked pea diamine oxidase, which makes it possible 
to detect low concentrations of biogenic amines within 1 to 2 min. However, the 
enzyme used is not specific, since it is sensitive not only to polyamines, but also 
to putrescine, cadaverine, hexamethylenediamine and histamine! o. The present 
paper describes a sensor based on a plant polyamine oxidase (EC 1.5.3.3) cross-linked 
with glutardialdehyde, which has proved to react specifically with spermidine and 
spermine. When the sensor is dipped into the solution to be analyzed the polyam1l1e 
diffuses into the enzyme layer, where it gets oxidized by the dissolved oxygen in the 
very vicinity of the electrode, with the fOl mation of hydrogen peroxide. The function 
of the sensor is based on amperometric detection of the oxygen being consumed 
in the enzyme layer, or of the formed hydrogen peroxide. 
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T ABLE J 

Stability of polyamine oxid ase layer of the sensor. A stabili zed sensor response to I IImol of sper­

midine at 30
c
C was meas ured by the oxygen me t hod: the bufrer II':IS 0 1M K-p ho sph;lt c of pH 6· 5 . 

The recorder sca le \\'a s 250 mm 

Time 

of storage 
da y s 

15 
~ ~ 

30 
42 

51 

65 

EXPERIMENT A L 

Materials 

Dry IllCmbl·'.lnc 

4 C 20C 

rc1. °/~ 
111 III 

70 100 
88 1257 

108 154 3 I O~ 

122 17+:1 127 
134 19 f -4 
134 191 ·4 152 
147 2100 139 
148 211-4 I J(, 

MClllbranl' in the buffe r 

·rc 20 'C 

mill n .. ~ I . ' ) n 
mill 

57 100 
76 In3 
91 1596 95 

100 175· 4 108 
102 178·9 III 
107 187·7 128 
113 1 9~ ' 2 12 1 
11 5 201·7 II R 

---- ~.---.--

Spermine tetrahydrochloride a nd spe rmidine trihydrochloride were prepa red from the bases 

(Koch-Light); 25% glutardialdehyde was from Flu ka, bovine serum albumin from Mann Res. 

Laboratories; a commercial polyamide netting' 0 had a density of 25 meshes / mm2 and a thread 

thickness of 40 11m ; plant polyamine oxidases isola ted from sprouts of 7 days old etiolated germs 
of maize and oats , according to Suzuki's method 1,.12, had specific ac tivities of 35 ncat / mg and 

144 ncat / mg of protein respective ly (spermine as subs trate , 30°C, pH 5'5). The enzymes were 
concentrated by ultrafiltration to an ac ti vity of c. I Il cat / ml and stored at - 20°C. 

Procedure 

Enzy me layers of optimum composition were p re pared from a mi xture of 4111 of 10% se rum 
albumin (in phospha te buffer, 50 mmoll - I , pH 7'2), 2111 of a polya mine ox idase an d 2111 of 2% 

glutardialdehyde. The mixture was s pread over a ring a rea o f c. 40 mm2 o f the polya mide netting 

and dried at 4°C. The moistened layer was stretched over the functional part of the electrode 

and fixed with a rubber ring. The se nsor was held at a constant height in a glass vesse l equipped 

with a water jacket and a magnetic st irrer. The vessel cont a ined 3 ml of potass ium phospha te 
buffer, 0·1 moll - t , which was kept at 30 ± 0,] "C wi th a n ultra the rmostat and saturated with 

air for 3 min. After the stirring was sta rted and the initia l electrode current had stab ili zed , several 
portions of a polyamine standard (2-10111, conc. 30 11111101 1- I ) a nd the sample to be analysed 

were alternately added to the buffer with a syringe. Following each addition the changed current 

was recorded until it reached a constant value. The ca libration lin e relates the magnitudt! of a stea-
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dy state electrode response (the current change in mm or !-tA) to concentration of the standard. 
The electrode and the measuring systems were of two kinds. 

a) the Clark p02 cell (7 mm disc Au cathode, Ag/ AgCI anode, 2M-KCIj with a 20!-tm poly­
propylene membrane, onto which the enzyme layer was applied on the side of the solution; 
the sensor was attached to an analyser of the dissolved oxygen, model MU-66, YD Czechoslovak 
Academy of Sciences, Prague, connected to a compensating recorder Messgeratewerk, Magdeburg 
(scale 250 mm, speed drive I cm / min). The cathode of the cell was polarised to a potential 
of - 0,7 Y. 

b) A disc Pt-electrode (0'3 mm) coated with the enzyme layer and a cellophane membrane 
on the side of the solution. The reference saturated calomel electrode was placed in a side tube 
of the reaction vessel. The electrodes were attached to an universal recording polarograph OH-105 
Radelkis, Budapest (scale 250 mm). A constant potential of + 0'6 Y t:s S.C.E. was applied to the 
Pt electrode. 

RESULTS AND DISCUSSION 

Unlike other amine oxidases, polyamine oxidase, the flavoprotein enzyme of maize 
and other cereals, attacks one of the secondary amino group of spermidine and sper­
mine. The reaction gives rise to hydrogen peroxide, 1,3-diaminopropane and A1-pyr_ 
roline or 1-(3-aminopropyl)-pyrroline\3. A phenomenon commonly observed after 
the addition of a substrate to the soluble enzyme is a rapid decrease of activity 
with time, which is not due to lability of the enzyme or to depletion of oxygen. 
This phenomenon , undesirable from the analytical point of view, is no longer observed 
if the enzyme in the reaction layer of the sensor has been cross-linked with albumin 
through glutardialdehyde. Such a reaction layer can then be usedJ.:o: tens of suc­
cessive analyses. 

The reticulation of the oxidase with an inert protein directly on a polyamide 
support 10

•
14 increases the mechanical firmness of the active layer, so that this layer 

can be taken off the electrochemical probe, stored separately in a buffer or in a dry 
state at low temperature, and mounted on again when it is needed. This extends its 
operation lifetime. The composition of the active layers was optimized by gradually 
changing the amounts of all the components. The best analytical properties were 
observed with layers obtained by drying dissolved serum albumin, polyamine oxidase 
and glutardialdehyde in a weight ratio of 10 : 2 : 1. The employed amount of the 
enzyme (2'7 neat on an area of 40 111m2) represents a five-fold of the activity needed 
for the sensor response to be maximum (Fig. 1). Although not all of the accessible 
active centres of the enzyme are in operation at first, the stock of the enzyme mani­
fests itself markedly in a long-termed stability of the layers. The quality of the layers 
is also well reproducible under these conditions; the slopes of the calibration curves 
for 15 membranes differed within a range of only ± 5'3%. 

In using the enzyme layer combined with the Clark cell, the time needed for the 
response to stabilize was 1 to 1·5 min, with 90% and 95% of its value being reached 
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in 40 sand 50 s, respectively. The upper limit of linearity was observed at a con­
centration of 5 . 10- 4 111011 - 1 with spermidine and 7 . 10- 4 moll - I with spermine 
(Fig. 2). The lower threshold of detection was at the concentration 2. 10- 5 moll-I. 

The root-mean-square deviation of a steady state sensor response for 20 equal ad­
ditions of 0·18 ~lmol of spermidine was 24 ± 1·63111m, the recorder scale being · 
250 mm. The sensor was relatively little sensitive to pH changes of the reaction 
medium with an excess of the enzyme in the reaction layer. It was only with low­
activity layers that a more or less significant pH dependence was observed, with 

100 v 

I 
.. . 

mm/jJmol 

FlO. 1 

Effect of amount of maize polyamine oxidase 
(n cat) in the sensor enzyme layer on slopes 
of the calibration curves for spermidine 
and spermine (mm!lllTIol). Measurement 
by the oxygen method in 0'1 mol 1- 1 

K-phosphate buffer, pH 6'5, at 30°C. 1 sper­
midine, 2 spermine 

0L-------~-------L------~6 
neat 

FIG. 2 

Magnitude of steady state sensor response kPo02 

to spermidine and spermine in relation 
to their concentrations. The measurements 
were carried out in 0·1 moll- 1 K-phos­
phate buffer, pH 6'5, at 30°C with the aid 
of the Clark oxygen cell and a platinum 
disc anode (cellophane-coated) having the 
optimum layer of maize polyamine oxidase. 
The y-axis gives steady state sensor response 
in kPa of 02 or ~A (detection of H20 2), 

the x-axis concentrations of spermidine 

10 

tJA 

1, 4 and spermine 2, 3 in mmoll- 1 o 0·'; 0'8 
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a peak at about pH 6·5 for both the polyamines (Fig. 3) although the soluble poly­
amine oxidase exhibited 11,15 somewhat different pH optima for the oxidation 
of spermidine and spermine (6' 3 or 6·0 and 5· 5, respectively). With the maize enzyme, 
spermidine is a better su bstrate than spermine 11, which is also seen in unequal sensi­
tivities of the enzyme sensor to both polyamines (Fig. 2). The results were analogous 
even if the catalytic layer of the sensor was prepared from cross-linked oat polyamine 
oxidase 16 of a higher specific activity. 

Some of the experiments were done with a sensor consisting of a platinum anode 
and the same layer of a cros -linked polyamine oxidase as with the Clark p02 cell. 
Coating the enzyme layer with cellophane reduced the stirring effect and produced 
a stable noiseless response, even though at the expense of extending the time of the 
current response from 30 s to 60 s and reducing the original sensitivity to about 
a sixth to a tenth. Generally, it was not necesary to lemove the oxide film on the 
electrode prior to its coating with the enzyme layer. With the optimized enzyme 
layer the pH profiles were as flat (Fig. 3) as in the detection of the oxygen consump­
tion. 

The calibration curves for spermidine and spermine at pH 6·5 are given in Fig 2, 
which shows that the lower limit of detection corresponds to a concentration of about 
20 Ilmoll-l. Consequently, the platinum anode with the cellophane coating of the 
enzyme layer had about the same sensitivity as the sensor made up of the oxygen 
cell. However, the upper limit of linearity was higher, evidently because the enzyme 
reaction is not limited by depletion of oxygen, which returns to the reaction in the 
anodic oxidation of the peroxide. The ratio of the responses to spermidine and 
spermine was 1·3, i.e. similar to that observed with the sensor based -on the Clark 

20r--------.-------.--------, 

10 

FIG. 3 

Steady state response of the enzyme sensor 
0'12 to spermine and spermidine in relation 

to pH. The measurement was carried out 
in 0·1 moll- 1 K-phosphate at 30°C by the 
oxygen method using a low-activity enzyme 

jJA layer and 1 I1mol of a polyamine, and, for 
comparison, by the peroxide method with the 

~ 
optimum layer of maize polyamine oxidase 

~
3 . ~() without the cellophane coating, using 30 

• . ' . nmol of a polyamine. The y-axis gives steady 
. <I . . 0·03 state sensor response in kPa of 02 or I1A 

0~------~~------P-H~------~8 

(detection of H 2 0 2), the x-axis the final pH 
of the reaction medium. .1, 4 spermine; 
2, 3 spermidine 
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c<! ll (Fig. 3). In the presence of 1 mol I - I sod ium chloride, which considerably 
stimulates the oxidation of spermine by oa t polya mine ox id ase '6, no increase 
in sensitivity of the sensor to this amine was observed. The reprod ucibility of the 
determina tion is comparable with the oxygen me thod, using recorders of the same 
scale. The root-mean-squ are deviati ons for add itions of 0·18 and 0·3 pm ol of sperm i­
dine were 28·5 ± 1'05ml1l (= 34·2 ± 1'26. 10 - 9 A)a ncl 43 '6 ± 1·32 ml11 (= 52· 3 ± 
± 1'58 .10 - 9 A), i. e. 3'7% and 3·0%, respectively. 

F rom the practical point of view we investigated the sta bility and operation life­
tim e of the biocatalyt ic layers kept separately from the electrochemical sensor used 
(Tab. I). Experiments have shown that the enzyme laye rs can be stored dry or in a buffer 
at a temperature up to 20°C. In continu ous measurement by the oxygen method tbe 
electrode response slowly increased, exceeding the two-fold of its original value 
in 65 days. This is, with cross-lin ked enzy me laye rs, rather a common phenomenon, 
ascribed to the formation of diffu sion canals. The change in properties of the mem­
brane is easily eliminated by periodic calibrati on of the sensor. Membranes stored 
in a dry state at 4°C for 8 months were still of use, the rati o of their sensitivities 
to spermidine and spermine being constant. Judging by the number of additions 
of a pure polyamine, hundreds of analyses can be ca rried out with one freshly pre­
pared layer. 

The aldehydes n-butanal, benzaldehyde and anisaldehyde, which stimulate animal 
polyamine oxidase17

, do not influence the electrode response to a polyamine, whether 
they were used alone or in the presence of 5 mI1101l - ' dithi othreitol. The sensor is not 
sensitive to histamine or to any of the six tested aliphatic cx,w-diamines, with 2 to 6 and 
10 methylene groups in the chain . Nor did their addition diminish the responses to 
spermine and spermidine. Of other substances that might be possibly expected 
to have an adverse effect on the function of the sensor we tried urea and ammonium 
ions, with a view to using the sensor fo r analysis of urine. It has turned out that urea 
in the physiological and higher concentrati ons (up to 2 moll - I) has no effect. 
The ammonium ions, by contrast, even at a concentration of only 0·1 moI1- 1 , 

suppressed the sensitivity of the sensor by about 20%. After transferring the sensor 
to a solution free of ammonium ions it recovered its original properties. Analyses 
of 50 pI samples of human urine have shown that the sensor method as described 
is little sensitive for detection of the polyamines in non-hydrolyzed urine, since 
they are present mainly in the conjugated forms. 

Acknowledgement is due fo Miss J. Haubrova fo r careful technical assistance. 
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