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Summary: -Amylase can be measured continuously with the aid of 4-nitrophenyl glucosides, especially 4-nitro-
phenyl maltotrioside; the large scale enzymatic synthesis of this compound seems to be possible. Another method,
which does not suffer from interference by endogenous glucose, consists of the hydrolysis of maltotetraose by a-
ämylase, followed by the determination of maltose. The substrate and the auxiliary enzymes are, however, relatively
expensive.

Continuous methods, based on the measurement of the glucose released by -amylase, are more sensitive. However,
they suffer from interference by blood sugar, with exception of mechanized procedures, which remove glucose by
gel filtration of the sample. Moreover these methods need -glucosidase, which degrades maltooligosaccharides con-
sisting of less than seven glucose units, whereas higher polymerized substrates show slower degradation rates by amy-
lase, and the kinetics are not easy to understand.
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OL-Amylase-Bestimmung: Gegenwärtiger Stand und zukünftige Entwicklung
Bericht über die Kleinkonferem der Deutschen Gesellschaft für Klinische Chemie am 7. und 8. Oktober 1978 in
Frankfurt/Main

Zusammenfassung: -Amylase kann mit enzymatisch synthetisierten 4-Nitrophenylglucosiden, vor allem mit 4-Nitro-
phenylmaltotriosid, kontinuierlich bestimmt werden. Eine andere Möglichkeit, die nicht durch Blutzucker gestört
wird, bietet der Abbau von Maltotetraose durch -Amylase zu Maltose. Das Substrat und die Hilfsenzyme für dieses
Verfahren sind jedoch noch ziemlich teuer.

Kontinuierliche Amylasebestimmungen, welche die Glucosebildung messen, sind empfindlicher, doch stört hier der
Blutzuckergehalt der Probe, wenn er nicht durch Gelfiltration — wie bei mechanisierten Verfahren — entfernt wird.
Weitere Probleme ergeben sich durch den Einsatz von -Glucosidase, die ebenfalls Substrate mit weniger als sieben
Glucoseresten angreift. -Amylase spaltet auch höhere Maltooligpsaccharide, jedoch langsamer und nach unvollständig
aufgeklärten Mechanismen.

Introduction

The history of the determination of -amylase and its
associated problems date from the detection of the en-
zyme by Leuchs in 1831. Some 200 methods, based on
nine different principles and various substrates, have
been developed in the last 100 years. Thus the standardi-
zation of -amylase measurement helps to obviate many
obstacles, more so than in the case of enzyme reactions
with known stoichiometry. Recent reports on continuous
methods, in which the production of maltose or glucose
is monitored, encouraged our study group to agree on
four essentials for the basis of a recommended method
for -amylase measurement:

a) A defined substrate, of constant quality and of eco-
nomic cost, which results in well defined reaction
products

b) A continuous monitoring method with zero order
kinetics (for at least 10 min in the normal range)
without lag phase or other deviations from linearity

c) Sensitivity permitting exact determinations within the
normal range (at 30.00°C as recommended by the
Expert Panel on Standards of the IFCC)

d) Lack of interference by endogenous glucose

To approach these goals the study group on -amylase
convened a workshop conference. This was attended by
scientists from the United States and Europe, working in
the field of continuous -amylase assays. The workshop
was generously sponsored by the German Society for
Clinical Chemistry thus underlining the need for inter-
national cooperation in the standardization of analytical
methods.

General Review of -Amylase Measurements

K. Lorentz
Though fixed-incubation saccharogenic methods must be
considered as the most accurate oneSj they account for
less than 3% of amylase assays in the United States,
because they are time-consuming and, they are subject
to interference by blood sugar. Glucose interference
can be eliminated by a multilayer reactor of immobilized

enzymes with detection of the resulting hydrogen peroxide
in an amperometric cell (1). .

Viscometry, turbidimetry and radiometric determinations ·
are without importance in the laboratory routine,
Nephelometric assays, based upon the decrease of light
scattering of an amylopectin substrate by amylase ac-
tivity, need a special instrument, arbitrary standards
and calibrations for every new charge of substrate.
Another continuous method measures the decrease of
fluorescence of complexes of öctaamylose and 2-p-
toluidinylnaphthalene-6-sulfonate, caused by enzymatic
degradation (2).

At present, amyloclastic methods represent the majority
of routine -amylase determinations: about 50%
in the United States and 60% in Germany. In
general amyloclastic methods are simple, cheap, and
quick, thus meeting requirements for emergency meas-
urements; they are also sensitive. Shortcomings of the
protein-iodine interaction and interference by thio-
cyariate can be avoided by sample blanks. The most pro-
mising procedure is offered byKikumoto et al., who
report the application of a uniform linear amylodextrin
composed of 12 glucose units (3).

The last group of important techniques, comprising
between 30 (Germany) and 40% (USA) of al rou-
tinely performed -amylase assays, is represented by
chromolytic methods, in which small water soluble
fragments are released from insoluble or soluble dye-
coupled polysaccharides. The cleavage of insoluble sub-
strates, mostly derived from amylose or cross-linked
starch, is markedly enhanced by albumin, detergents
and non-ionic polymers, whereas hydrolysis of dyed
arnylopectins, representing most of the solüble
substrates, runs at a faster rate than the degradation of
native amylopectin (4).

Among the continuous methods, which represent the
virtual topic's of discussion, special attention is called
to the application of a-^nitrophenytymaltotetraoside
(5). The other methods will be presented by the partici-
pants.
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Development of a Reference Measurement System for
Enzymes
D. Bayse

The creation of an adequate reference system includes
at least five complex steps, as follows:

Definition relating to a system
Herein are implied the definition of a reference popul-
ation and the solution of the unit problem, which is
especially complicated in amylase measurements. There
are two ways out of the latter, one by declaring a refe-
rence method as a basis to ensure equal proficiency to all
participating laboratories, the" other by expression of all
data in a scale of laboratory ranges with five or more
intervals (6). At this stage definition of and agreement
on the level of precision and accuracy must be obtained
for interlaboratory cooperation.

Development in validation of a reference method
This point begins with a thorough search through the
literature. Then a defined quality control of the research
laboratories follows (checked with an arbitrarily chosen
method, e.g. DyAmyl(R)) to fulfil the evaluation need:
Application of a defined substrate and a defined enzyme
sample with guaranteed purity and uniformity for a
demonstration period to ascertain reliability (com-
prising enzyme and reagent stability, linearity of the
reaction, analysis of interfering materials etc.).

Development in validation of a reference material
This item includes: Choice of the enzyme source (human
pancreas in the case of α-amylase), purification of the
reference material (by a recommended method), its
formulation (with addition of human serum albumin,
sodium and calcium chloride) and controls for biases,
homogeneity and stability of the material (Le. character-
ization) and the purification process.

Development of a mechanism for information transport
The transferability of a reference method to other hands
requires a very tight procedure description that covers
every thing (from cleaning, type of pipettes, instruments,
adequate sample support to finally the statistical design).
The transfer of the materials (shipping, custom problems)
must be guaranteed, and laboratories must adhere to the
method for years very strictly with rigorous appearance of
protocols and without innovations by the analyst.

Development of an intermediate plan of implementation
The final step to complete the reference system and to
initiate the standardization needs time to move into the
consensus and to bring uniformity into the evaluation
among the laboratories:
The selection of a candidate reference method and the
development of a network of research and manufacturing
laboratories mostly evolve simultaneously. They are
supplemented by an agreement on reference ranges. These

are derived from a reference population, and they are
determined by the diagnostic requirements of the deter-
mination.

Discussion

The application of purified human pancreatic amylase
implies problems because of the prevalence of salivary
amylase in sera of healthy subjects. Besides the isoenzyme
question, the nature of an adequate amylase substrate still
remains open. It should be available in sufficient quanti-
ties, high and reproducible purity and at an economic
price. The question of clinical responsibility should be
inferior to the development of an analytically inconte-
stable method.

Cleavage of Nitrophenyl Glucosides by a-Amylase

P. F ldi

Transglucanosylase ((l->4)-a-£>-glucan 4-glucosyltrans-
ferase, EC 2.4.1.19) fromKlebsiellapneumoniae syn-
thesizes a homologous series of 4-nitrophenyl oligo-
saccharides (4NPGX) from cyclohexaamylose and 4-
nitrophenyl a-£)-glucopyranoside (4NPG,). This en-
zymatic synthesis by far excels the common organic
synthesis: /J-glucosidic bonds are absent, there are
no intermediate products, and the yield of 4NPG3 and
4NPG4 is higher; this can even be improved by phos-
phorylase cleavage of the higher homologues. The
final purification can be achieved by high pressure liquid
chromatography (HPLC) on an industrial scale.

α- mylase hydrolyzes these glucosides preferentially to
maltose and lower 4NPGX according to the chain length
and requires an α-glucosidase for a coupled assay. On
the other hand the aglucon may also be split off directly,
and the release of yellow 4-nitrophenolate (4NP) can be
monitored continously. The enzyme from human and hog
pancreas liberates 4NP from 4NPGX with decreasing
velocity in the following sequence: 4NPG3,4NPG2,
4NPG4, and 4NPG5. 4NPGi proves absolutely stable.
While higher homologues preponderantly yield 4NPG!
and lower 4NPGX, the ratio of 4NP/4NPG! release
from 4NPG3 amounts to 2.4 and agrees fairly well with
the degradation of maltotetraose, where the proportion
of maltotriose plus glucose versus 2 molecules maltose is
7 : 3. This strongly favours the application of this sub-
strate for pancreatic amylase measurement. In contrast,
parotid amylase acts upon 4NPG3 and 4NPG4, but
about 100 times slower (7).

Discussion

The calculation of 4NPG3 cleavage by pancreatic and
parotid amylase is based on the same activity toward
cross-linked dyed starch (Phadebas(R)), 1.0 U/ml of
the pancreatic enzyme producing 0.322 μτηοΐ/πιίη of
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4NP. Spontaneous hydrolysis of the substrate is very
low and can be neglected for the reaction period.
Apparently 4NP behaves like a fourth glucose residue
at the reducing end of the carbohydrate and it is pre-
ferentially attacked by pancreatic amylase; the Km
values for this bond increase with increasing chain length.

Therefore the term "unit", expressed by μτηοΐ/rnin of
4NP, can only be used for 4NPG3. Parotid amylase does
not attack this ultimate bond, but it slowly cleaves the
glucosides with final release of maltose and 4NPGlf and
its Km values decrease with increasing chain length of
the substrate. Further details on degradation studies can
be easily obtained by HPLC.

A Kinetic Enzymatic Method for the Determination of
α-Amylase with Starch as a Substrate
/. van Wersch and H. Greiling

The test principle (8) relies on the reaction sequence of
starch degradation to maltose by α-amylase, and maltose
determination via maltose phosphorylase, /3-phospho-
glucomutase and 6-phosphogluconate dehydrogenase,
thus obviating glucose interference and the requirement
for blanks. In our measurements, performed on a cen-
trifugal analyzer at 25 °C, both serum and urine samples
with activities between 14 and 154 U/l produced no
linear increase of NADH up to 10 min, and a-amy-
lase values were 19% (serum) or 15% (urine) higher,
when read after a lag phase of 10 min. Based on
these results the precision (as CV) within-day was
10.5% at 6.9 U/l, 2.4% at 37.6 U/l and 2.1% at 165 U/l,
the unit being defined by the production of 1 μτηοΐ/
min of maltose. The corresponding day-to-day data
amounted to 11.3, 7.5, and 4.9% CV. The normal
ranges, established with samples from 150 healthy
people, were up to 21 U/l for serum and up to 78 U/l
for urine. There was a good linear relation between
absorbance and activity up to 260 U/l. Whereas hemo-
lysis, bilirubinemia and lipemia did not interfere, 2-
oxoglutarate 1.7 mmol/1 inhibited to 60% and pyruvate
2.6 mmol/1 inhibited the reaction almost completely.
Acetone, 3-hydroxybutyrate, heparin, dextran, and
lactate displayed no effects.

A Totally Enzymatic Method for Determination of a-
Amylase
F. Clerie (on behalf of K. Pierre)

The method continuously monitors the production of
NADH in the following sequence: Maltotetraose is
hydrolyzed by α-amylase to yield two mol of maltose
per mol of substrate. The enzyme maltose phosphory-
lase (EC 2.4.1.8, from Lactobacillus brevis) catalyzes
the phosphorolysis of each mol of maltose to one mol

each of glucose and j3-glucose-l-phosphate. 0-Phospho-
glucomutase (EC 2.7.5.5) converts /J-gJucose-l-phos-
phate to glucose-6-phosphate, which is then oxidized to
6-phosphogluconate with the concomitant reduction of
NAD to NADH in the reaction catalyzed by glucose-6-
phosphate dehydrogenase.

The indicator system loaded with high amounts of
maltose consumes about 60% of the substrate
within 20 min, arid the rest at a slower rate, taking 2 h
for completion. The reaction becomes fast and typical
for a single state reaction when mutarotase (EC 5.1.3.3)
is incorporated into the system, thus indicating that the
slow spontaneous conversion of /J-maltose into the ά-
form could act as a limitating step, if high catalytic
concentrations of α-amylase are being determined. The
optimized system with maltotetraose has a fivefold ins-
crease in sensivity over the use of starch as a substrate
(8) and shows a reduction of the lag phase to 4 min with
normal human serum or urine, followed by a linear period
of at least 15 min, which is not so much limited by the
capability of the substrate, but by the resulting high
absorbance.

The coupled enzyme system has been used to study
substrate dependence of human serum amylase toward
maltosyloligosaccharides. Km values of 1.83 g/1, 0.50 g/1,
0.26 g/1, 0.31 g/1 and 0.22 g/1 and relative V values
of 3.3, 162, 200,190 and 35 were obtained for malto-
triose, maltotetraose, maltopentaose, maltohexaose,
maltohexaose and starch, respectively. That means that
maltopentaose is preferable to maltotetraose. However
from a practical point of view (two mol of maltose are
produced from each cleavage of maltotetraose) we find
the reaction rate for both is identical. In this system l U
is defined as the amount of a^arnylase, which cata-
lyzes the formation of 1 μιηοΐ maltose per min. The
normal range (within 95% confidence limits) amounts to
20-110 U/l at 37°C. The reaction velocity at 37°C is
1.46-1.48 times higher than at 30°C.

Requested for discussion: A. Wahlefeld
Indeed, the replacement of starch by maltotetraose im-
proves the performance of the system. We are able to
confirm the stability of the reagents (1 year at 2-4°C),
the precision within-run and between-day of about 5%
(CV), with sera from apparently healthy subjects, and
the range of linearity, which extends to 650 U/l at 37°C
or 400 U/l at 25 °C. At this temperature the lag phase
amounts to 10 min. Since NAD is used instead of NADP,
high levels of pyruvate might cause some interference,
and objections may arise from the cleavage mechanism
of maltotetraose by pancreatic amylase. We have heard
before, that asymmetric hydrolysis of the molecule
occurs in addition to the production of maltose, which
we believe only covers 85% of the total degradation.
Glucose up to 28 mmol/1 does not interfere.

J. Clin. Chem. din. Biochem. / Vol. 17,1979 / No. 7



Lorentz: Report on the workshop conference held in Frankfurt/Main 503

Discussion

The blank rate by spontaneous or α-glucosidase hydro-
lysis of maltotetraose is very low, approximately about
0.001 ΔΑ/min at 340 nm. The curvilinearity of the
former method with starch, as pointed out by Alexander
(9), has never been observed, and discrepancies between
the old and some saccharogenic methods in testing
control sera have disappeared. In the original method the
curvilinear increase of NADH concentration with time
obviously originated from the relative inaccessibility of
undegraded starch molecules to the active center of a-
amylase. Hanson & Yasmineh (10) obtained linearity by
addition of glycogen to the reaction mixture or by use
of glycogen instead of soluble starch. Lag phase and A"
values with glycogen were four times less than with starch.

Moreover, when the latter is used as a substrate, the rate
of maltose production versus the rate of bond cleavage
varies for α-amylase from different sources, but the app-
lication of maltotetraose or maltopentaose eliminates
these species dependent differences. The mechanism of
attack on maltosyloligosaccharides by α-amylase from
human pancreas and saliva needs further elucidation.

A Stoichiometric Method for the Determination of
Serum Amylase
G. Wermus, T. Adams and R. Menson

A continuous method with known stoichiometry is
available with the Du Pont Automatic Clinical Ana-
lyzer^. The assay uses maltopentaose and is based
on the following reaction sequence (11): Maltopen-
taose is split by α-amylase to maltose and maltotriose,
which are degraded by α-glucosidase to yield 5 glucose
molecules. These are determined by the NAD dependent
hexokinase/glucose-6-pho$phate dehydrogenase reaction.
Simultaneous optimization of the parameters has been
carried out, pH value and α-glucosidase concentration
being the most significant variables. The reaction rate is
measured 4 min 20 s after initiation. Interference by
endogenous glucose up to 56 mmol/1 in the 100 μΐ
sample is eliminated prior to analysis using a gel-fil-
tration column. The rate of increase in absorbance at
340 nm due to NADH formation is directly propor-
tional to α-amylase activity since all other reactants
are present in nonrate-limiting concentrations.

Calibration^ in U/l (defined as 1 μχηοΐ of substrate hydroly-
zed per rriin at 37PC), is theoretically derived from the
relationship between maltopentaose cleavage and the ab-
sorbance of NADH. Control sera are required for its
verification. A normal range of 23-85 U/l serum was
determined. Methods linearity extends to greater than
600 U/l, Typical CV values range from 5.6% at 59 U/l
to 1.7% at 409 U/l for within-r n precision. Recoveries
average 100% with a range of 96-102%. Performance at
30qC is possible under the instrument conditions with a
reduction of the sample volume to 60 μΐ.

Discussion

The active site of porcine pancreatic amylase is known to
consist of five binding sites. Based on the demonstrated
similarity of human and porcine pancreatic amylase
reaction patterns, it can be concluded that human amy-
lases have five binding sites and that maltopentaose is
an ideal substrate. The use of α-glucosidase in the detec-
tion system provides a fivefold amplification of the amy-
lase reaction. A blank rate of 100-120 U/l is normally
found due to the cleavage of maltopentaose by α-gluco-
sidase. While this is not a problem in the automatic mode,
a revision of the reagent system would be required to allow
manual determinations. The method has been found to
respond essentially to both pancreatic and salivary amy-
lase isoenzymes. The gel-filtration column used in the
method removes interfering small molecules such as
glucose and pyruvate from the sample prior to analysis.

a-Amylase Determination via Glucose
H. Scheuringer

The SKI method is based on the same maltose determ-
ination, but soluble starch instead of maltopentaose
serves as the substrate. Since α-glucosidase (from yeast)
'does not attack starch, 25 min at 30°C or 37°C elapse
before the reaction becomes linear for at least 15 min
with activities up to 607 U/l (at 37°C). In the assay l U
of amylase produces 1 μπιοί of maltose corresponding
to 2 μηιοί of NADH per min. Due to the interference
by blood sugar only 10 μΐ of sample are applied, and
glucose in concentrations below 14 mmol/1 is consumed
during the preincubation time, which covers the lag
phase of 25 min. Higher concentrations require dilution.
The normal values range from 0—55 U/l at 30°C and
10—90 U/l at 37°C. The within-run precision is calcul-
ated to 9.4% CV at 40 U/l and 3.9% CV at 258 U/l (12).
For each lot of reagent, a reagent blank must be estab-
lished. Investigations to supersede the hexokinase/
glucose-6-phosphate dehydrogenase system by glucose
dehydrogenase are under way.

R. Spaethe
The substrate of the Harleco method consists of oligo-
saccharides with chain lengths between 4 and 12 glucose
units (13), and the reaction sequence using a highly
purified α-glucosidase corresponds to the detection
system of the two preceding presentations. Because of
the nature of the substrate, sample volume, blank rate,
lag phase, sensitivity and interference by glucose range
between the maltopentaose and the starch technique.
At 25°C glucose below a concentration of 5.55 mmol/1
is removed during the lag phase within 6 min, and the
linear period of reaction extends to more than 25 min.

A concentration of 28 mmol/1 takes 10 min for consump-
tion and yields a linear reaction rate of at least 15—18
min up to amylase values of 1000 U/l. Therefore at 25 °C
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a preincubation period of 10 min is recommended;like-
wise, the sample is diluted, if the glucose concentration
exceeds 28 mmol/1 or if amylase activity is above 1000
U/l.
At 30 °C an incubation time of only 7 min is needed,
but samples with glucose concentrations above 17 rnmol/l
must be diluted. The blank rates vary slightly from lot to
lot with an average of 24 U/l, which must be subtracted,
l U of α-amylase corresponds to two μπιοί NADH
produced per min. Reference values range from 11 to 91
U/l (at 30°C) or from 12 to 100 U/l (at 25 °C) with
sera from 120 inpatients without pancreatic disorders
and 212 healthy people. Manually done, within-run
and day-to-day precisions of 10% CV at 70 U/l and 4
% CV at 550 U/l are attained.

R equested for discussion: E. Henkel
As stated above 10 min of incubation at 25 °C suffice to
initiate a linear reaction rate even at high glucose and
α-amylase levels. Under these conditions we achieved a
day-to-day precision of 10.5% CV at 22 U/l and 7.3%
CV at 64 U/l. Values from 129 apparently healthy
persons showed a gaussian distribution with a normal
range of 6.2-117 U/l (x ± 2 SD) at 25°C. Although
the basic absorbance due to the glucose content in
20 μΐ of serum is different, the method could be
adapted to a discrete analyzer. Serum pyruvate up to
5 mmol/1 was completely removed within the incubation
time. Moreover, the addition of lactate dehydrogenase
and pyruvate offered a NAD regenerating system,

which facilitated the reading on the photometer by
oxidation of the preformed NADH from blood sugar.
Finally, we investigated another method of α-amylase
assay with Whistler's (14) oligosaccharide mixture,
using the glucose dehydrogenase instead of the hexo-
kiriase/glucose- 6-phosphate dehydrogenase system;
this represents a further simplification of the procedure.

Discussion

All methods monitoring maltose production via glucose
show high sensivity by the amplification effect, but they
suffer from the same intricate problems:

1. Glucose must be removed without causing a basic
NADH production which inhibits spectrophotometric
readings.

2. The choice of a defined oligosaccharide reduces the
lag phase and increases the sensivity of the assay,
but the blank rate is enhanced thus rendering the
handling of reagents difficult in manual procedures.

3. The pH values of 6.4,6.3 and 6.9 of the reaction mix-
tures containing α-glucosidase are optimal for the
entire system, but they do not meet the optimum
conditions for α-amylase action.

4."The unit problem remains unsolved for methods
applying substrates other than a pure defined oligo-
saccharide below 6 or 7 glucose units. The same helds
true for the use of control sera with non-human amy-
lases or human salivary amylase.
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