
Introduction

Alanine aminotransferase (ALT, EC 2.6.1.2) and aspar-
tate aminotransferase (AST, EC 2.6.1.1), very useful enzymes
in clinical laboratory diagnostics, catalyse the reversible con-
version of amino acids L-alanine and L-aspartate to pyruva-
te and oxaloacetate, respectively. The protein part of amino-
transferase molecules, consisting of two identical, non-cova-
lently bound subunits, binds one molecule of the coenzyme
pyridoxal-5’-phosphate (PLP) to a lysine residue (Lys313 in
ALT and Lys258 in AST) of each subunit. About 15–20
other lysine residues are present in their molecules outside
the active site whose number and position in protein chains
vary according to species and intracellular location (8,10).

Non-enzymatic glycation, a post-translational change of
the protein part of enzymes, can modify the catalytic acti-
vity of aminotransferases. Previously published studies
found that the kinetics of glycation either in vivo or in vitro
depends on the type and concentration of monosacchari-
des in the medium, the number of amino groups in lysine
residues, and the biological half-life of the protein (4). In
vitro experiments demonstrate that aminotransferases can
be effectively glycated with monosaccharides in the order
D-glucose < D-fructose < D-ribose < D,L-glyceraldehyde

(1,11,12). Different kinetics of these reactions are probably
caused by varying numbers of the open-chain forms of su-
gars used in the incubation mixture.

The aim of the present study is to investigate an influence
of different experimental conditions, i.e., two concentrati-
ons of D-fructose (50 mmol/l and 500 mmol/l), as a rapid-
ly glycating monosaccharide, and three incubation tempera-
tures (4 °C, 25 °C, 37 °C), on the glycation kinetics of ALT
and AST, expressed by the rates of decreasing catalytic acti-
vities, in the course of a fifty-six-day incubation in vitro. The
most prospective experimental design should serve for futu-
re glycation studies with aminotransferases under the influ-
ences of drugs.

Material and Methods

Chemicals
Alanine aminotransferase, 100 U/mg protein, and cyto-

solic aspartate aminotransferase, 470 U/mg protein, both
from the porcine heart, suspended in ammonium sulfate,
pH 6.0 (Sigma, St. Louis, MO, USA). D-fructose was obta-
ined from Lachema, Brno, Czech Republic. Sodium azide
was purchased from Merck, Darmstadt, Germany. All che-
micals used were of analytical grade.
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Preparation and incubation of samples
The suspensions of aminotransferases were centrifuged

at 1000 x g at 4 °C for 20 min. The supernatant was re-
moved and the enzyme pellet dissolved in 6.75 ml 0.05
mol/l sodium phosphate buffer (pH 7.4) with 0.1% sodium
azide. Following this, the enzyme solutions were used for
the preparation of three types of incubation samples;
i) with D-fructose in a final concentration of 50 mmol/l,
ii) with D-fructose in a final concentration of 500 mmol/l,
iii) with the buffer only (control samples). The final enzy-
me (protein) concentrations were 0.41 mg/ml (ALT) and
0.34 mg/ml (AST), and the total volume of samples was 1.5
ml. The samples were incubated for up to 56 days at tem-
peratures of 4 °C, 25 °C or 37 °C.

Determination of aminotransferase activity
Sample aliquots (100 µl) were removed at time zero and

on days 4, 10, 22, 35, and 56 of incubation. After collection,
the aliquots were diluted 1:19 (ALT) or 1:90 (AST) with
0.05 mol/l phosphate buffer, pH 7.4, in order to obtain ca-
talytic activities within the analytical range of the employed
method. The enzyme activities were assayed on a Hitachi
917 analyzer using the common kinetic UV-method with ad-
dition of pyridoxal-5’-phosphate to the incubation mixture
(Roche Diagnostics, Mannheim, Germany). All experi-
ments were performed in triplicates. ALT and AST catalytic
activities were standardized by their measurement in Preci-
norm U and Precipath U (both from Roche Diagnostics)
before and after each assay. The between-run coefficients of
variation of the both assays for Precinorm U and Preci-
path U were lower than 2.0%.

Statistical analysis
Absolute values of enzyme activities, taking into

account diluting factors, are given as the mean ± standard
deviation (SD).

Results

Fig. 1 and Fig. 2 show a long-time fluctuation in catalytic
activities of enzymes in control samples (without D-fructo-
se) during a fifty-six-day incubation in 0.05 mol/l phospha-
te buffer, pH 7.4. The mean initial catalytic activity of ALT
in different experiments ranged between 200–225 µkat/l.
The decrease, according to the incubation temperature
used, was: by 41% at 4 °C, by 70% at 25 °C, and by 75% at
37 °C on day 56. On the other hand, almost unchanged
AST activity was observed in the course of incubation time
at all examined temperatures. In comparison with ALT, in-
hibition of the initial AST activity (793 ± 16 µkat/l at 4 °C;
983 ± 96 µkat/l at 25 °C; 839 ± 22 µkat/l at 37 °C) in the
control samples was lower than 20% by day 56.

Fig. 3 presents enzyme inhibition reached at three exa-
mined temperatures in the presence of either 50 mmol/l or
500 mmol/l D-fructose. Residual catalytic activities in these
figures are exhibited in the percentage of the appropriate
control. In the case of ALT (Fig. 3A), no catalytic activity
was found after 35 days at 25 °C and after 20 days at 37 °C
of incubation with 50 mmol/l D-fructose. A fifty-six-day in-
cubation at 25 °C led to a partial inhibition of AST (to 40%
of the initial activity). At 37 °C, AST almost completely lost
its enzymatic activity (Fig. 3B). As demonstrated, D-fruc-
tose in a concentration of 50 mmol/l did not inhibit cataly-
tic activity of either enzyme at 4 °C.

In Fig. 3C and Fig. 3D, decreasing enzyme activities
in the samples incubated in the presence of 500 mmol/l
D-fructose for 56 days are described. At 37 °C and at the
above-mentioned D-fructose concentration, ALT inhibition
was as rapid as at a concentration of 50 mmol/l. At 25 °C,
the course of decrease in ALT activity at 500 mmol/l
D-fructose was faster than at the lower D-fructose concentra-
tion (Fig. 3C). Complete AST inhibition on day 35 at 25 °C
and on day 20 at 37 °C witnesses to a more rapid AST gly-
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Fig. 1: Stability of ALT during incubation in vitro in control
samples (without sugar). ALT was incubated in 0.05
mol/l phosphate buffer, pH 7.4, at 4 °C (                ), 25 °C
(             ), and 37 °C (             ). Results are expressed as
the mean value and SD from three independent collections.
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Fig. 2: Stability of AST during incubation in vitro in control
samples. AST was incubated in 0.05 mol/l phosphate buffer,
pH 7.4. at 4 °C (             ), 25 °C (             ), and 37 °C
(             ). Results are expressed as the mean value and SD
from three independent collections.



cation by 500 mmol/l D-fructose in comparison with 50
mmol/l D-fructose (Fig. 3D). In contrast, 4 °C incubation
of ALT and AST in the presence of 500 mmol/l fructose
did not lead to total enzyme inhibition even after 56 days.

Discussion

In the body, protein glycation leads to a structural mo-
dification of various tissue, cell, or plasma proteins, which
can change not only their conformation but in many cases
also impair their physiological functions (2,5,6,7,9,13).
Amadori product, the first stable glycation product, slowly
undergoes rearrangement, dehydration, oxidative fragmen-
tation, and cross-linking reactions leading to advanced
glycation end products (AGEs), especially in long-lived pro-
teins. Thus cataract, retinopathy, macroangiopathy, nephro-
pathy, and neuropathy can be caused (3).

In the present paper we examined the influence of
D-fructose on the rate of protein glycation at various expe-
rimental conditions. As the substrate of glycation, purified
aminotransferases from the porcine heart, the molecules

that are relatively resistant towards thermal denaturation in
conditions in vitro, were used. This property of aminotrans-
ferases made it possible to observe their changes from
early steps to the stage of irreversible protein changes as-
sociated with the loss of their catalytic activity.

In the controls (no fructose added), the study demon-
strated a high stability of AST during fifty-six-days of incu-
bation in 0.05 mol/l phosphate buffer, pH 7.4. We received
a similar course of the inhibition curve as Okada et al. (11),
who previously published a short-time study (120 hours
only).

In our former study, the results suggested that D-fruc-
tose might be a suitable model sugar for glycation expe-
riments with aminotransferases (1). The present paper
confirms this finding and demonstrates the dependence of
D-fructose glycation on the defined experimental tempera-
ture. The finding on the enzyme stability or changes during
the incubation at the employed temperatures and under the
influence of fructose seems to be pre-analytically important
for either storing or room-temperature manipulation with
serum specimens, in which a high concentration of fructo-
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Fig. 3: Inhibitory effect of glycation on the catalytic activity of enzymes incubated in 0.05 mol/l phosphate buffer, pH 7.4
at 4 °C (             ), 25 °C (             ) and 37 °C (             ) for up to 56 days: (A): ALT incubated with 50 mmol/l D-fruc-
tose; (B): AST with 50 mmol/l D-fructose; (C): ALT with 500 mmol/l D-fructose; (D): AST with 500 mmol/l D-fructose.
The values show residual catalytic activities of the enzymes related to the appropriate control.
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se is clinically expected (essential fructosuria, a human ge-
netic defect of hepatic fructokinase).

In the case of ALT, there was no difference in the de-
crease of enzyme activity between the samples with a high
concentration (50 mmol/l) and an extremely high con-
centration (500 mmol/l) of D-fructose at 37 °C. In AST,
500 mmol/l D-fructose had a more pronounced decreasing
effect on the catalytic activity of the enzyme than 50 mmol/l.
Unfortunately, the decrease in catalytic activities of both
aminotransferases below 20% of their initial values within
a 14-day incubation period did not allow any further study
of influences on the enzymes in longer intervals at 37 °C.

Thus, taking into account the highest possible stability
of aminotransferase, we suppose that a three-week observa-
tion of their residual catalytic activity in the presence of 50
mmol/l D-fructose at a temperature of 25 °C seems to be
the most prospective experimental design for future glyca-
tion studies with ALT and AST.

In conclusion, we tried to define the experimental con-
ditions for effective in vitro studying of protein glycation
based on an evident partial or complete loss of the catalytic
activity of aminotransferases. We believe that this approach
could be a helpful tool not only for a better understanding
of early glycation reactions but also for a further research
of glycation under the influences of drugs.
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