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Further Studies on Gel Filtration of Urinary Substances?

J. A. Koroep?, A. C. BarcELo and A. A. Toccr

Catedra de Fisiologia, Facultad de Odonfologia, Universidad de Buenos Aives, M. T. de Alvear 2742, Buenos Aives
(Argentina), 19 January 1976.

Summary. Urine specimens from healthy children were concentrated and filtered through Sephadex G-100 and G-25.
The eluate was recovered in fractions of 5 ml each. Total hexoses, galactose, total proteins and total uronic acids were
determined on each fraction. Total hexoses and galactose were eluted in 6 distinct peaks. The uronic acid containing
GAG were eluted in 4 small peaks on G-25 and 1 peak on G-100. This peak is eluted always with high amounts of

galactose containing glycoproteins.

Urinary mucosubstances and their derivatives have
been studied by means of gel filtration on various Se-
phadex types®4 In addition, several oligosaccharides
containing fucose and sialic acids, as well as a few glyco-
peptides with glucose and galactose, have been isolated
from normal urine and characterized?¢. Most of the
papers published emphasized the study on the molecular
weight range from 1,000 to 5,000 and gave no informa-
tion on compounds of higher weight.

The purpose of the present investigation was to study
the molecular weight distribution of glycopeptides and
associated substances in normal urine. An attempt has
been made also to establish the approximated molecular
weights of some peaks.

Material and methods. Urine. Urine specimens of 24 h
were collected from 6 male healthy children of 4.5 years
+ 3 months of age and processed immediately. From
each specimen, a sample of 20 ml was taken; it was fil-
tered at 4°C in order to remove insoluble matter. The
urine was then concentrated 4-fold in a rotary vacuum
evaporator at 40°C.

Gel filtration. A column of 68 x1.5 cm was prepared
from Sephadex G-100. The void volume, as determined
eluting a zone of Blue dextran, was found to be 25 ml.
The concentrated sample was added to the column and
the elution was performed with distilled water. The eluate
was recovered in fractions of 5 ml each, the filtration rate
being about 10 ml/h.

The void volume was then concentrated 5-fold and
developed on a similar column of Sephadex G-25 fine

1 This work was partially supported by research grants from the
CONICET, Republica Argentina.

2 Member of the ‘Carrera del Investigador Cientifico’, Consejo
Nacional de Investigaciones Cientificas y Técnicas, Republica
Argentina.

3 A. Lunpsrap and I. BERGGARD, Biochim. biophys. Acta 57, 129
(1962).

4 J. S. Davis, F. V. FLy~y~ and H. S. Pratr, Clin. chim. Acta 27,
357 (1968).

5 T. A, MierTINEN, Clin. chim. Acta 8, 693 (1963).

$ D. Basu, Biochem. J. 772, 379 (1969).

60 50 40 30 20 10 060 50 40 a0 20 10 .
0.D. 400 L 1 - - - 1 c I 1 i h — 1 'rusng:%“
10 GALACTOSE G-25 G-100 & Ve
B { Iy
100 1500 M.W. 3200 000 o | 40000 60doo
50 A
0.D.80 " e
N PROTEIN
450
300
A ) ”
150- A/\_/L
0.0.40 —
TOTAL HEXOSES c c -
150 )
100+
A o .
50
0.0. 40
{ URONIC ACIDS PIGMEN]TS
150+ ¢ ]
1001 5
J ; A
50
T s N 1 T
300 250 200 150 100 S0 300 250 280 150 100

50
ELUTION VOL. mi



852

with distilled water. The void volume was found to be
20 ml. The total elution volume for each sample was
300 ml. Purified polypeptides and proteins of known
molecular weight were filtered under the same conditions
in order to determine the elution volume.

Amnalysis. Total proteins were determined on an aliquot
of the fractions by measuring the optical density at 280
nm and by the Lowry-Forin method? using crystalline
serum albumin as standard. Galactose was measured with
the technique of DiscHE® using galactose Sigma as
standard. Total hexoses were determined by the method
of YEMM and WILLIS® using glucose as standard. Total
uronic acids were measured by the carbazol method of
BirtErR and MUIrR™ using glucuronic acid as standard.

Results. The Figure shows the elution curves of the

urine concentrates corresponding to 20 ml of filtered
urine, on Sephadex G-100 and G-25. The line represents
the average values of 6 samples, each of them run in
duplicate. The void volume of Sephadex G-25, almost
neglegible in most cases, was not represented. The column
was eluted with distilled water. Pigments were normally
reversibly adsorbed on the colomns and appeared in the
eluate as shown in the Figure.

In all experiments, authrone analyses gave 3 distinct
peaks on both Sephadex G-100 and G-25. These results
were in agreement with those of LuNDBALD et al.? Peak
A varied in height in the different samples, and peaks B
and C, always distinct, were almost constant in height.
On Sephadex G-100 the small peaks A’ and B’ were not
constant, but peak C’ appears in all samples with similar
height. Probably most of the hexoses of these peaks were
galactose, as can be seen in the corresponding elution cur-
ves.

The galactose curve approximately followed the total
hexoses curve, with the exception of peaks C an G-25 and
A’ on G-100 that are resolved in about 66%, of the ana-
lyses in 3 peaks. Peak A on this curve has a MW near
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1,500; peak B about 3,000 and peak C about 4,000. Peak
A’ on Sephadex G-100 has a molecular weight about 6,000
and peaks B’ and C’ are near 22,000 MW.

The total proteins curve shows some similarity with
that of total hexoses, but peaks A and A’ are absent.
According with the above results, most of the protein
would be galactose containing glycoproteins. This is in
agreement with NorRDEN’s!! findings on the galactose
content of normal urine.

The uronic acid recorded on Sephadex G-25 is eluted
in 4 peaks ranging from 3,500 to 4,000 MW. Peaks A
and B were almost constant and distinct. Peaks C and
D varied in height with the different samples. Micro-
column fractionation!* and IR-spectra were used in order
to identify the uronic acid containing glycosaminoglycans
present in the fractions. Chondroitin-4-sulfate and hepari-
tin sulfate were the glycosaminoglycans identified. Also
traces of hyaluronic acid and heparin have been found.
Probably all peaks represent degradation products of
glycosaminoglycan-protein complexes of different molecu-
lar weights. Peak D was always eluted with a low galac-
tose peak. The uronic acid recorded in G-100 appears in
only one peak (A’) (M W about 25,000) being always
eluted with galactose containing glycoproteins!?. Work is
in progress with further separation and closer chemical
characterization of various fractions described in this
paper.
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Repressible Alkaline Phosphatase in Aspergillus niger
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Summary. ALP from A. niger is a) P; repressible enzyme; b) stimulated by addition of Zn** to the growth medium,
and c) that EDTA inhibits the enzyme reversibly, which could be restored by addition of Zn++ and perhaps Mg*+.
This property is in contrast to the enzyme from N. cvassa, which is independent of any metal requirement.

Alkaline phosphatase ALP2?* E.C. 3.1.3.1 occurs in
E. coli** and in a number of other organisms5-7. The
enzyme is non-specific, repressed by Pj; is a metallo-
protein and requires Zn*+ for its maximal activity® ALP
from N. crassa® has been separated into 2 components,
one of which is repressed by P; and the other derepressed.
The repressed enzyme does not require any metallic ion
for its activity but is stimulated by addition of EDTA.
This study relates to a P; repressible ALP from 4. nigev,
which is similar to E. coli enzyme in its requirement for
Zn++. The enzyme is inhibited by both EDTA and 1:10
phenanthroline. The EDTA inhibition is reversed by Zn++.

Aspergillus niger N.R.R.L. 67 was obtained from Nor-
thern Regional Research Laboratory, Peoria, Illinois,
USA. The organism was grown on a modified Czapek-Dox
medium. The modifications were that NaNO, was re-
placed by NHNO,; and K,HPO, by KH,PO,; 0.7 mM
ZnS0O,7H,0 was added as a supplement to the medium

unless otherwise noted, and pH adjusted to 2.2-2.3 with
dilute HNO,. Fungal mats grown under stationary culture
at 28°C for 96 h were washed thrice with ice-cold distilled
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