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Summary: The catalytic activities of alanine aminopeptidase, alkaline phosphatase and -glutamyltransferase
were determined in the soluble and particulate fractions of urine, after ultracentrifugation. In healthy adults
the fractional catalytic activities in the supernatants were 0.53, 0.56 and 0.24, respectively. Nearly the same
proportions were found in children. In patients suffering from chronic kidney diseases there was a tendency
for the proportion of catalytic activity in the soluble fraction to increase. However, the Separation into the
multiple forms gave no higher diagnostic reliability than the determination of total catalytic activity of the
respective enzymes. The determination of multiple forms has no clinical significance in the detection of rejec-
tion episodes in renal transplant recipients.

Multiple Formen der Alaninaminopeptidase, alkalischen Phosphatase und y-Glutamyltransferase im Urin von
gesunden Personen, Patienten mit Nierenerkrankungen und nierentransplantierten Patienten
Zusammenfassung: Im Urin gesunder Erwachsener betrug nach Ultrazentrifugation der Anteil der löslichen
katalytischen Aktivität der Alaninaminopeptidase 0,53, der alkalischen Phosphatase 0,56 und der -Gluta-
myltransferase 0,24 der Gesamtaktivität. Ähnliche Verhältnisse wurden bei Kindern festgestellt. Patienten
mit chronischen Nierenerkrankungen zeigten z.T. erhöhte lösliche katalytische Aktivitäten der Enzyme im
Urin. Die diagnostische Aussagekraft durch die Bestimmung der multiplen Formen war jedoch geringer als
durch Bestimmung der Gesamtaktivität der Enzyme. Bei niefentransplantierten Patienten ist die Bestimmung
dieser multiplen Formen ohne Bedeutung für die Erfassung einer Rejektionskrise.

Introduction

The urinary enzymes alanine aminopeptidase (a-
aminoacyl-peptide hydrolase (microsomal), EC
3.4.11.2), alkaline phosphatase (orthophosphoric-
monoester phosphohydrolase (alkaline optimum),
EC 3.1.3.1) and -glutamyltränsferase ( -glutamyl)-
peptide: amino acid -glutamyltransferase, EC
2.3.2.2) can be separäted by ultracentrifugation into
particulate and soluble forms (1—4). The diagnostie
significance of these variants has not been tested. We
have investigated the clinical significance of the two
variants in healthy persons and patients suffering
from chronic kidney diseases and with kidney trans-
plants.
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Materials and Methods
Separations of particulate and soluble forms were performed with
urine specimens collected from 07.00 to 09.00 hours. Aliquots
were centrifüged (800g, 10 min) and then gel filtered on Sepha-
dex G 50 (fine) (5). The gel filtrate (4 ml) was immediately ultra-
centrifuged (105000g, 1h; 4°C). Supernatant (3ml) was re-
moved, representing fraction l. The remaining l ml and the pellet
together formed fraction 2. The enzyme catalytic activities were
measured in the gel filtrates and both fractions äs described pre-
viously (4). The soluble enzyme catalytic activity fraction (S) was
calculated äs follows:

0 4 x activityfracuon i
3 x activityfraction i + activityfraction 2

We investigated 20 healthy adults (10 women, 10 men; mean age:
35 years), 12 healthy children (7 girls, 5 boys; mean age: 2.5
years), 12 patients suffering from chronic pyelonephritis (8 wom-
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en, 4 men; mean age: 39 ycars; 162 ± 137 μηκ>1/1 creatinine in
scrum), 19 patients suffering from chronic glomerulonephritis (2
women, 17 men; mean age: 27 years; 137 ± 164 μηιοΐ/ΐ creati-
nine) and two groups of renal transplant recipients. Eighteen re-
nal transplant recipients (6 women, 12 men) were investigated on
every working day after transplantation until the discharge from
hospital and 13 renal transplant recipients (4 women, 9 men;
mean age 41 years; 108 ± 27 μτηοΙΑ creatinine) in the late period
(69.5 ± 40.8 months) after transplantation.

Statistical analyses were made with the t-test according to Student.

Results and Discussion

Table l lists the soluble catalytic activity fraction of
the three urinary enzymes in the groups investigated.
On the whole, our data for healthy persons corre-
spond to the values reported recently (1—3). A dif-
ference between the values of adults and children
was found only for γ-glutamyltransferase, but this
difference is negligible. A considerable part of the
excreted catalytic activity consists of the particulate
form. Unlike the respective serum enzymes (6),
these enzyme complexes are components of normal
urine. They result from the shedding of membrane
fragments due to the normal turnover of the brush-
border of proximal tubules (3). The soluble catalytic
activity, however, results from the dissociation of the
enzymes from membrane fragments in urine or di-
rectly from release from the cells (3). It can be as-
sumed that the quantity of soluble catalytic activity
has already been regulated intracellularly (7).

Under pathological conditions the soluble variant is
excreted increasingly in the urine (tab. 1). The in-
crease of soluble catalytic activity is different for the
three enzymes. This increase applies to all three en-
zymes in patients in the early period after renal
transplantation and occurs withiri the first weck after
transplantation (fig. 1). The values obtained 7 days
after transplantation and at the tirne of discharge
from hospital do not differ, and they are also im-
changed by a rejection (tab. 1). At a later period af-
ter transplantation, however, the soluble catalytic
activities of renal transplant recipients differ from
those of healthy persons; and they differ greatly
from the values of patients in the early period after
transplantation (p < 0.01).

The altered proportions of soluble forms can be an
expression of increased release of soluble variants
from the damaged cell or the increased synthesis in
the regenerative phase (2). It is suggested that in pa-
tients suffering from chronic kidney diseases both
processes proceed simultaneously. The temporal be-
haviour of soluble catalytic activities after renal
transplantation, however, testifies more to the last-
mentioned possibility in renal transplant recipients.

Since comparison of mean values hardly admits an
assessment of the diagnostic evidence of tests, we
reclassified our patients by means of the determined
enzyme catalytic activities. Out of 31 patients suffer-
ing from chronic kidney diseases we found 21 pa-
tients who exhibited total alanine aminopeptidase

Tab. 1. Soluble catalytic activity of alanine aminopeptidase, alkaline phosphatase and γ-glutamyltransferase in urine of healthy persons
and patients. Data are given s fraction of total catalytic activity (arithmetic mean ± SD). Values for children and patients were
compared with values for healthy adults. Renal transplant recipients in the "early period" (38 ±13 days) and in the "late
period" (69.5 ± 40.8 months) after transplantation. Symbols: "*" p < 0.01; ++ p < 0.001.

Groups Alanine aminopeptidase
Total Soluble activity
activity fraction
χ (U/l)

Alkaline phosphatase
Total Soluble activity
activity fraction

Patients with chronic kidney diseases
Chronic glomerulonephritis 32.7 0.62 ± 0.26
(n = 19)
Chronic pyelonephritis 24.2 0.62 ± 0.22
(h = 12)

18.3

11.3

0.72 ± 0.19+

0.72 ± 0.17

γ-Glutamyltransferase
Total Soluble activity
activity fraction
χ (U/l)

Healthy persons
Adults (n = 20)
Children (n = 12)

8.2
10.1

0.53 ±0.10
0.47 ±0.12

6.7
8.7

0.56 ±0.13
0.48 ±0.1 2

36.2
47.3

0.24 ± 0.03
0.31 ±0.03++

42.2

41,9

0.27 ±0.14

0.37 ±0.16+

Renal transplant recipients
Early period (n = 13)
Late period (n = 13)
At rejection day (n = 6)

23.5
20.4
16.0

0.82 ± 0.08++

0.53 ±0.14
0.84 ± 0.07++

9.2
° 9.9

23.7

0.77±0.12*+

0.61 ±0.13
0.78 ± 0.23

31.9
34.1
6flJ

0.48±0.13++
0.24 ±0.08
0.39 ± 0.12
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catalytic activity beyond the r nge of χ + 2 SD of the
control group and 22 patients with increased γ-gluta-
myltransferase and alkaline phosphatase, respective-
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Fig. 1. Soluble catalytic activity fraction of alanine aminopepti-
dase (O—O), alkaline phosphatase (D—D) and γ-gluta-
myltransferase (O—O) in urine of renal transplant recip-
ients without rejection episodes in the early period after
transplantation.
Data are given s arithmetic means (n = 9—13).

ly. Considering the respective values of absolute sol-
uble catalytic activities and soluble catalytic activity
fractions of the three enzymes, the rtumber of pa-
tients with abnormal values were smaller in each
case. However, 4 out of 10 patients having normal
total alanine aminopeptidase and 3 out of 9 patients
having normal alkaline phosphatase and γ-glutamyl-
transferase, respectively exhibited soluble catalytic
activities clearly beyond the normal r nge. With re-
spect to these patients, our study indicates that the
Separation into the multiple forms gives no higher
diagnostic reliability than the determination of total
catalytic activity. Only in isolated cases, can the evi-
dence attained with total catalytic activity be im-
proved by the determination of soluble enzyme
forms.
In renal transplant recipients determinations of uri-
nary enzymes have proved to be a reliable indicator
in detecting rejection episodes (8). In 18 patients the
soluble forms of the three enzymes were continuous-
ly determined after transplantation until discharge
from hospital. Both during rejection episodes and in
patients without rejection, catalytic activities were
found which were above and below the reference in-
terval. Separation of these enzymes seems to have no
clinical significance for the detection of rejection epi-
sodes.
In summary, it can be concluded that the measure-
ment of the multiple forms of these three urinary en-
zymes separated by ultracentrifugation has only li-
mited clinical v lue.
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