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SUMMARY

The enzyme electrode-based analyzer ECA 20/ESAT 6660 is suited for the
determination of glucose, lactate, lactose, glutamate and lysine. The
function and main features of the analyzer are described and the analy-

tical parameters outlined.

Introduction

The coupling of biocatalytically active material with physicochemical
transducer devices in biosensors continues to be an expanding area of

research. As reflected by a large body of literature, both publications

and patents, as well as by the extent of practical application, enzyme
electrodes are in the forefront of the biosensor field 1. 2] “Upite now,
about 20 self-contained analyzers based on enzyme electrodes for the

determination of about 15 analytes have been brought on the market.
Producers are located mainly in Japan, the U.S., France, the GDR, the
USSR and Hungary. Owing to the high relevance of blood glucose determin-
ation, most of this equipment is intended for use in glucose assay.

However, an increasing number of sensor-based analyzers are being devel-

oped for measurement of other metabolites, such as lactic and uric acid,
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and for analytes important in bioprocess control, e.g. disaccharides and

amino acids.

The production of the first European enzyme electrode-based glucose
analyzer, the "Glukometer"”, was launched in 1980 at the Center of
Scientific Equipment of the Academy of Sciences of the GDR. In short,
this device, requiring some manual work for operation, is able to accu-
rately assay 60 - 90 blood glucose samples per hour in the range 0.5 -
50 mM with a coefficient of variation (CV) < 2 % and a lifetime of the
glucose oxidase (GOD) enzyme membrane of more than 10 days or 1000
assays [3]. The ca. 300 Glukometers which are at present in clinical
routine use are being step by step replaced by the second-generation
analyzer "ECA 20" (Prifgerdte-Werk Medingen, GDR), also named "ESAT
6660" (Eppendorf, FRG). The characteristics of this device are subject

of the present communication.

General Features

The ECA 20/ESAT 6660 is a printer-coupled, bench-top semiautomatic ana-
lyzer for the determination of glucose, lactate and lactose. Glutamate
and lysine assays are under development. In each case the anodic oxida-
tion of hydrogen peroxide formed in the biocatalytic analyte conversion
is evaluated as the measuring signal. At the heart of the device is an
optimized micro flow-through cell containing the enzyme electrode which
is composed of a platinum/silver-silver chloride electrode and an auto-
matically prepared enzyme membrane. The device further comprises a
sample plate capable to carry 40 samples, 4 calibration standards, and a
stat sample that can be analyzed within one minute by interrupting the
measuring routine. The pretreatment of blood samples (5 - 20 ul), e.g.,.
for glucose or lactate assay, consists of a single dilution step with a
buffer providing immediate hemolysis and inhibition of glycolysis. The
derivative measuring regime permits the measuring value to be obtained

5 - 10 s after sampling.

Glucose Assay

The enzyme membrane is prepared by polyurethane entrapment of GOD (P.
notatum) and sandwiching this layer between two dialysis membranes.
Glucose measurement with the ECA 20/ESAT 6660 is characterized by .. the
following parameters:

linear range: 0.6 - 45 mM CVin series < 2 %
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sample throughput: 120/h Cvday—to-day < 4 %
lifetime: 10 days.
Both blood and serum may be used as sample material. The correlation

with a routine method for blood is showninvFiglélouithat. for serum is:
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Fig. 15 Correlation for glucose determination in human blood samples

between the ESAT 6660 and the ACP method

For measurement of urine glucose a nitrocellulose-modified polyurethane
membrane is employed in order to exclude electrochemically interfering
compounds such as uric acid [4]. The membrane may be used for blood
glucose assay as well, so that alternating measurements are possible.
The precision and sensor lifetime are equal to those for blood glucose
determination; the sample frequency is 60/h. The method correlates well
with the hexokinase reference method:

¥y = 0.958x "+ 0 EAGEIREE N gl g B 300) .

Lactate Assay

For determination of blood lactate, polyurethane-immobilized lactate

oxidase (Pseudomonas sp.) is applied. With

linear range: 0.6 - 30 mM OV s o b o o il 20:%

sample throughput: 120/h

Cvday—to—day St %
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and a lifetime of at least 10 days the performance of the sensor is
comparable to glucose measurement. Moreover, the same background solu-
tion can be used, thus reducing the switching between the two analytes
to a simple exchange of the prepared measuring cells. Dilution of the
blood sample (10 or 20 ul) with the background solution permits the true
blood lactate value to be obtained as little as 30 s after blood with-
drawal from the patient. The results correlate with those of the photo-
metric lactate dehydrogenase procedure as follows (Fig. 2):

¥ =90.9907x #+,04166; n.i= 0.9923 (n: =, 71)%
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Fig. 2. Comparison of lactate concentrations in whole blood samples as
measured with the ECA 20 and the spectrophotometric method

Lactose Assay

For lactose measurement the enzyme sensor is equipped with a two-enzyme
sequence composed of gelatin-immobilized B-galactosidase (Curvularia

inaequalis) and polyurethane-immobilized GOD for successive conversion
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of lactose to galactose, gluconolactone and HoO0p. The lifetime of the
sandwich membrane is 10 d. The linear range extends up to 250 mM, the
sample throughput is 100/h, and the imprecision in series less than 2 %.
As applied to milk analysis, the method correlates with infrared measu-

rement as follows: y = 1.077x - 12 507 i Fr i =70 1 (n) = 309
Extension to Glutamate and Lysine
For +these analytes the ECA 20/ESAT 6660 uses polyurethane—entrapped

glutamate oxidase (Stregtomxces endus) and lysine oxidase (Trichoderma

viride), respectively. Tab. 1 shows the results of optimization studies.

Tab. 1. Analytical characteristics of glutamate and lysine

determination with the ECA 20

Analyte Linear range CVg Sample fre- Lifetime
(mM) * (%) quency (d)

Glutamate 0.4 - 40 et 90/h

Lysine 0.5 - 60 L 60/h 20

*at 1:50 dilution

The main advantage of the ECA 20/ESAT 6660 is the extremely low enzyme
demand to obtain measuring results of high analytical quality with a

high measuring frequency.
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