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Heparan sulphate proteoglycan was solubilized from human glomerular basement membranes by guanidine
extraction and purified by ion-exchange chromatography and gel filtration. The yield of proteoglycan was
approx. 2 mg/g of basement membrane. The glycoconjugate had an apparent molecular mass of 200-
400 kDa and consisted of about 75% protein and 25% heparan sulphate. The amino acid composition
was characterized by a high content of glycine, proline, alanine and glutamic acid. Hydrolysis with
trifluoromethanesulphonic acid yielded core proteins of 160 and 110 kDa (and minor bands of 90 and
60 kDa). Alkaline NaBH4 treatment of the proteoglycan released heparan sulphate chains with an average
molecular mass of 18 kDa. HNO2 oxidation of these chains yielded oligosaccharides of about 5 kDa,
whereas heparitinase digestion resulted in a more complete degradation. The data suggest a clustering of
N-sulphate groups in the peripheral regions of the glycosaminoglycan chains. A polyclonal antiserum raised
against the intact proteoglycan showed reactivity against the core protein. It stained all basement
membranes in an intense linear fashion in immunohistochemical studies on frozen kidney sections from man
and various mammalian species.

INTRODUCTION

Heparan sulphate proteoglycans (HSPGs) are complex
and heterogeneous macromolecules composed of linear
sulphated polysaccharide chains, the heparan sulphate
moieties, that are covalently attached to protein [1-3].
HSPGs have been classified into at least two types, which
differ with respect to their distribution and functions
[3-7]. The cell-associated HSPGs have been strongly
implicated in cell adhesion processes [8-10]. The
basement-membrane forms, notably those found in the
glomerular basement membrane (GBM), are thought to
control macromolecular permeability on the basis of
their anionic charge [11].
HSPGs have been isolated and characterized from rat,

mouse, human and horse glomeruli [12-18] and from
GBM of rat, cattle and man [19-21]. These proteoglycans
vary considerably in size and density. Many studies have
relied to a great extent on metabolic radiolabelling
[12-14,19]. Differences in turnover may, however, cause
variations between glycosaminoglycan composition
found by isolation and observed, after radiolabelling
[22-24]. The variations might also be related to the
presence of different HSPG populations in glomeruli and
GBM [25], although Kanwar et al. [14] described the
presence of the same type of HSPG in rat glomeruli and
GBM. In agreement with labelling studies in the rat
[24,25], we found that less than 20 0o of the glomerular
glycosaminoglycan content of man and horse was re-

covered in GBM preparations [18].
Most immunohistochemical studies have been per-

formed with antibodies against HSPG from EHS tumour

[26]. Native basement membranes contain components
similar to, at least at the immunological level, those
in the EHS tumour [27,28]. However, HSPGs isolated
from glomerular and Reichert's basement membranes
[20,29,30] are clearly different from those isolated from
basement-membrane material produced by tumour cell
lines with respect to size of core protein and degree of
sulphation [24,31-33].

Previously, we determined the glycosaminoglycan con-
tent of glomerular and tubular basement membranes of
various mammalian species [34] and ofhuman individuals
of different ages [35]. The procedure was also adequate
for application on basement membranes isolated from
patient kidneys after autopsy (results not published). The
availability of specific polyclonal and monoclonal anti-
bodies against human GBM HSPG is essential, however,
to establish the involvement of these compounds in
studies of renal pathology on biopsies. Shimomura &
Spiro [21] recently described the characterization of
HSPG and its core protein from human GBM on the
basis of radiolabelling and immunochemical reaction
with anti-(bovine GBM HSPG) antibodies. In the present
paper we describe the isolation and characterization of
four HSPG preparations from human GBM by a pro-
cedure that avoids proteolytic interference as far as
possible. We show that the structure of this compound is
largely different from that isolated from glomeruli on the
basis of both chemical and immunochemical data. We
prepared for the first time specific polyclonal antibodies
against human GBM HSPG and used them for immuno-
histochemical studies.
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MATERIALS AND METHODS

Materials
Intestinal mucosal heparin, laminin (EHS sarcoma),

type- IV collagen (human placenta), fibronectin (human
serum), albumin (human serum), ferritin, thyroglobulin.
Alcian Blue-~7Ud o-phenylenediamine were purchased
from Sigma Chemical Co., St. Louis, MO, U.S.A.
Anisole, trifluoromethanesulphonic acid (TFMS) and
Toluidine Blue were purchased from Merck, Darmstadt,
Germany. DEAE-Sepharose CL-6B (fast flow), Seph-
arose CL-4B, Sephacryl S200 and Sephadex G-100 were
from Pharmacia, Uppsala, Sweden. 4-Chloro- 1 -naphthol
was from Janssen Chimica, Beerse, Belgium. High-
molecular-mass markers, Bio-Gel P-2 and Bio-Gel P-30
were from Bio-Rad Laboratories, Richmond, CA, U.S.A.
Peroxidase-conjugated pig anti-(rabbit IgG) serum was
from DAKO Immunoglobulins, Glostrup, Denmark.
Peroxidase-conjugated goat anti-(rabbit IgG) serum and
goat anti-(rabbit IgG-fluorescein isothiocyanate) serum
were from Nordic, Tilburg, The Netherlands. NaB3H4
(21.6 Ci/mmol) was from Amersham International,
Amersham, Bucks., U.K. Pig mucosa heparin standard,
polyclonal antibody (rabbit) against human placenta
laminin and monoclonal antibody (mouse) against
human laminin type I were from Calbiochem, San Diego,
CA, U.S.A. Polystyrene micro-titre plates were from
Greiner, Alphen aan de Rijn, The Netherlands. All other
chemicals were as described elsewhere [18] or of analytical
grade.

Preparation of glomerular basement membranes (GBM)
Human kidneys were obtained at autopsy within 20 h

after natural death and stored for up to 6 months at
-20 'C. During their life these persons (both sexes, aged
20-85 years) were free from clinical symptoms of any
renal disease and the kidneys did not show any macro-
scopic lesions. Glomeruli were isolated by a graded
sieving procedure [35]. Subsequently GBM was prepared
by a detergent procedure in the presence of proteinase
inhibitors (I mM-phenylmethanesulphonyl fluoride, 5 mm-
benzamidine hydrochloride, 10 mM-N-ethylmaleimide,
0.1 M-6-aminohexanoic acid, 5 mM-iodoacetamide and
10 mM-EDTA) [18,36].

Extraction of proteoglycan from GBM
All procedures were carried out at 4 'C and in the

presence of the mixture of proteinase inhibitors. An
amount of about 7.5 g of basement membrane (orig-
inating from about 120-140 adult kidneys) was extracted
twice with 1.5 litres of 4 M-guanidinium chloride/50 mm-
sodium acetate buffer, pH 5.8 (buffer A), with stirring
for 16 h at 4 'C. The combined supernatants (100000 g
for 30 min) were concentrated by ultrafiltration on an
Amicon PM 10 filter and extensively dialysed against
7 M urea/10 mM-Tris/HCI buffer, pH 6.8.

Purification of HSPG by DEAE-Sepharose
chromatography and gel filtration

Samples dialysed into urea were chromatographed,
after centrifugation (100000 g for 30 min), on a column
(5.0 cm x 25.0 cm) of DEAE-Sepharose CL-6B (fast flow)
equilibrated with 7 M-urea/ 10 mM-Tris/HCl buffer,
pH 6.8, as previously described [18]. The glycosamino-
glycan content of the fractions was determined by the
Farndale assay [37]. Fractions containing the glycos-

aminoglycan were pooled, concentrated (by filtration on
an Amicon PM 10 filter) and extensively dialysed against
7 M-urea/10 mM-Tris/HCl buffer, pH 6.8. The material
was submitted to chromatography on a second DEAE-
Sepharose column (5.0 cm x 5.0 cm) and eluted as before.
The proteoglycan fractions were dialysed against
buffer A and loaded on a Sepharose CL-4B column
(1.6 cm x 108 cm) equilibrated and eluted with buffer A.
Finally the concentrated proteoglycan sample was loaded
on a Sephacryl S200 column (2.6 cm x 87.5 cm), which
was eluted again with buffer A. The HSPG-containing
fractions were pooled, dialysed against distilled water
and freeze-dried.

Identification of proteoglycans
Proteoglycans were identified by treatment with hepari-

tinase and chondroitin ABC lyase according to previously
described procedures [18,34].

Isolation and characterization of glycosaminoglycan
chains

Samples of HSPG (365 jag) were incubated in 150 ,ul of
0.1 M-NaOH containing 0.1 M-NaB3H4 (167 1iCi/limol)
at 37 °C for 72 h [20]. The released [3H]glycos-
aminoglycan chains were purified by chromatography on
a Bio-Gel P-2 column (1.6 cmx 75cm) and a DEAE-
Sepharose column (1.0 cm x 10 cm) as described by Par-
thasarathy & Tanzer [38].
The molecular mass of the [3H]glycosaminoglycan

chains was determined by chromatography on a Seph-
adex G-100 column (1.6 cm x 72 cm) according to the
procedure of Wasteson [39]. To permit further character-
ization, the purified glycosaminoglycans were chromato-
graphed on a column (1.6 cm x 150 cm) of Bio-Gel P-30
(100-200 mesh) equilibrated and eluted with buffer A.
The procedure was also performed after HNO2 and
heparitinase treatment. Portions of [3H]glycosamino-
glycan were treated with 150 ,ul of 0.50 M-HNO2 [40] for
80 min at room temperature or with heparitinase
(1 unit/ml) at 43 °C for 16 h in 0.1 M-sodium acetate/
10 mM-calcium acetate buffer, pH 7.0.

Preparation of core protein
The core protein of the proteoglycan was prepared by

using TFMS hydrolysis in accordance with Edge et al.
[41]. To isolate the deglycosylated protein the reaction
mixture was diluted with 2 vol. of diethyl ether cooled to
-70 'C. After addition of an equal volume of ice-cold
aq. 50 00 (v/v) pyridine the resulting precipitate was
redissolved by vortex-mixing the suspension and the
ether phase was removed. After a second diethyl ether
extraction the aqueous solution was dialysed against
water and freeze-dried.

Preparation and characterization of rabbit antibodies
Rabbit antiserum against intact HSPG from human

GBM was prepared either by a schedule of multiple
intradermal injections [42] or according to the schedule
of Louvard et al. [43]. Specificity and titre of the antisera
were determined by e.l.i.s.a. [44,45].

Polyacrylamide-gel electrophoresis
HSPG or its core protein was run into an SDS/3-20 00

polyacrylamide gel overnight at 60 V according to the
procedure of Laemmli [46]. Staining was accomplished
with Coomassie Blue [47], silver [48], Alcian Blue [47] or
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periodic acid/Schiff reagent [49]. High-molecular-mass
standards (Bio-Rad Laboratories) and laminin were used
as molecular-mass markers.

Immunoblotting and staining
Electrophoretic transfer of antigens, separated by

SDS/polyacrylamide-gel electrophoresis, on to unmodi-
fied sheets of nitrocellulose was carried out as described
by Towbin et al. [50] and Burnette [51]. Transfer was
achieved at 250mA overnight with constant stirring.
Molecular-mass standard proteins were detected by
staining with Coomassie Blue. After blotting, the nitro-
cellulose filter was blocked by incubation for 1 h with
0.35 M-NaCl/ 10 mM-Tris/HCl buffer, pH 7.6, containing
300 (w/v) bovine serum albumin. Incubations with the
anti-HSPG serum were performed for 2 h with a 1:100
to 1:500 dilution with 0.15 M-NaCl/ 10 mM-Tris/HCl
buffer, pH 7.6, containing 0.300 bovine serum albumin,
1.000 (v/v) Triton X-100, 0.500 sodium deoxycholate
and 0.100 SDS. Pre-immune serum (diluted 1:100 in the
same buffer) was used as a control. Antibody binding
was detected with peroxidase-conjugated anti-(rabbit
IgG) serum by using the method of Hawkes et al. [52].

Fluorescence microscopy
Indirect immunofluorescence microscopy with the anti-

HSPG serum was carried out as described by Aufderheide
et al. [53] with human and mammalian kidneys.

Analytical procedures
Protein, uronic acid and glycosaminoglycan contents,

as well as amino acid composition, were determined
according to previously described procedures [18].

RESULTS
Isolation of proteoglycan from human GBM

After two extractions of GBM with 4 M-guanidine
54 + 12 00 (mean + S.D., four preparations) of the glycos-
aminoglycan content of the GBM was solubilized. A
comparable extraction efficiency was reported for rat
GBM [19]. When the guanidine extract of the base-
ment membranes, after dialysis against 7 M-urea, was

chromatographed on DEAE-Sepharose, all the material,
positive in the Farndale assay, was bound to the column
and was eluted as a broad peak between 0.5 M- and 0.8 M-
NaCl (Fig. 1). Rechromatography on DEAE-Sepharose
yielded an additional separation of contaminating pro-
tein from the proteoglycan peak.
Upon chromatography of this preparation on Seph-

arose CL-4B in 4 M-guanidine the Farndale-positive
material emerged in a position between 330 kDa
(Kay 0.37) and 220 kDa (Ka, 0.80) (Fig. 2). The same
material contained uronic acids and protein (results not
shown). Additional gel filtration on Sephacryl S200 was
necessary to remove some low-molecular-mass proteIns.
Composition of the proteoglycan
During the purification the proteoglycan material

obtained at each step was analysed for its content of
protein and glycosaminoglycan (Table 1). Analysis of the
four final proteoglycan preparations indicated that pep-
tide and glycosaminoglycan accounted for about 7500
and 25 00 respectively of its residue weight. The yield was
approx. 2 mg/g of GBM, which is equivalent to about
1-2 mg/kg of kidney cortex. The nature of the glycos-
aminoglycan side chains was determined by enzymic
digestion. About 85 00 of the Farndale-positive material
was sensitive to heparitinase, whereas chrondroitin ABC
lyase treatment had barely any effect. This indicated the
absence of chondroitin sulphates and dermatan sulphate.
The HSPG preparations did not react in e.l.i.s.a. with
polyclonal antibodies against mouse laminin, which
reacted well with human kidney in immunofluorescence,
and also did not react with a polyclonal antibody against
human collagen IV and a monoclonal antibody against
human laminin.
The amino acid composition of the HSPG was notable

for the high content of glutamic acid (+glutamine),
glycine, alanine and proline (Table 2). Also, the values of
serine and aspartic acid are rather high. Cysteine and
methionine could be detected only in minor amounts. 3-
Hydroxyproline, 4-hydroxyproline and hydroxylysine
are lacking, which establishes the absence of collagenous
material. In all preparations glucosamine represents
90(9500 of the amino sugars. In accordance with the
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Fig. 1. Chromatography of a human GBM extract on DEAE-Sepharose CL-GB (fast flow)
Elution was with 7 M-urea/10 mM-Tris/HCI buffer, pH 6.8, followed by a gradient of 0-2 M-NaCl ( -) in the same buffer.
Fractions (8 ml) were analysed for protein (A280) (0) and glycosaminoglycan (A;25) (A). Fractions 170-190 were pooled for
further purification.
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Fig. 2. Gel chromatography on Sepharose CL-4B ofhuman GBM proteoglycan obtained after second DEAE-Sepharose chromatography

The column was eluted with buffer A. Fractions (5 ml) were analysed for protein (A280) (0) and glycosaminoglycan (A,,5) (A).
The elution positions of thyroglobulin (330 kDa), ferritin (220 kDa), albumin (67 kDa) and cytochrome c (12 kDa) are indicated
by arrows 1-4 respectively. Fractions 25-39 were pooled for further purification.

Table 1. Purification of HSPG from human GBM

Experimental details are given in the Materials and methods section. Values are given as means+ S.D. for four preparations.

Protein Glycosaminoglycan
(mg/g of basement (mg/g of basement Protein/glycosamino-

Purification step membrane) membrane) glycan ratio

Guanidine extraction 313 + 33 1.78 +0.45 194+ 17
Urea extraction 128+ 108 0.80+0.39 145+ 54
First DEAE-Sepharose 7.34+7.84 0.71 +0.37 8.57 + 5.13
chromatography
Second DEAE-Sepharose 3.66+ 3.63 0.62+0.36 6.44+2.34
chromatography
Sepharose CL-4B chromatography 23.18 + 1.81 0.51 +0.26 3.91 + 1.17
Sephacryl S200 chromatography 1.57+ 1.26 0.47 +0.27 3.20+0.72

enzymic digestions this indicates the presence of only
heparan sulphate as glycosaminoglycan. The trace of
galactosamine could have originated from oligo-
saccharide chains. Preliminary analyses by g.l.c. showed
the presence of small amounts of galactose, xylose and
mannose.

Characterization of the HSPG and its core protein
SDS/polyacrylamide-gel electrophoresis of HSPG re-

vealed after silver staining one major broad band with an
apparent molecular mass of 200-400 kDa (Fig. 3). The
same band could likewise be detected by staining the gels
with Alcian Blue, Toluidine Blue, periodic acid/Schiff
reagent or Coomassie Blue (results not shown).

Treatment of the proteoglycan with TFMS, a reagent
that cleaves all saccharide units, resulted in a decrease in
its apparent molecular mass to main bands of 160 and
10 kDa and a minor band of 60 kDa (Fig. 4). The

pronounced sharpening ofthe electrophoretic bands after
the TFMS treatment indicates that the appearance of the
native proteoglycan as a broad band on the poly-
acrylamide gel is mainly due to variability in its saccharide

chains. HNO2 or heparitinase treatment of the HSPG
resulted in a less substantial decrease in molecular mass
than TFMS hydrolysis, but the proteoglycan band dis-
appeared completely (results not shown). These results
were obtained with all four preparations.

Characterization of the glycosaminoglycan chains
After fl-elimination with alkaline NaB3H4 the glycos-

aminoglycans 'H-labelled at the xylitol end were purified
by Bio-Gel P-2 chromatography and subsequently
DEAE-Sepharose chromatography to remove labelled
peptide and oligosaccharide fragments. Their molecular
mass was determined by gel filtration on Sephadex G- 100
(Fig. 5). They were eluted as a broad peak at a Kav. of
0.19, indicating a molecular mass of about 18 kDa. More
than 900O of the glycosaminoglycans was HS according
to their sensitivity to heparitinase.
The glycosaminoglycans emerged from a Bio-Gel P-

30 column as a symmetrical peak (K., 0.04) consistent
with the molecular mass of 18 kDa (Fig. 6). The radio-
labelled products of the deaminative degradation with
HNO2 were of substantially smaller size, and encom-
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Table 2. Amino acid composition of HSPG preparations of
human GBM

Values are given as means+ S.D. for four preparations.

Amino acid or amino sugar

Aspartic acid + asparagine
Threonine
Serine
Glutamic acid + glutamine
Proline
Glycine
Alanine
Cysteine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine
Glucosamine
Galactosamine

Composition
(residues/1000 amino

acid residues)

87+4
54+ 3
84+4
140+ 8
89 + 5
141+ 13
99 + 3
5+1

67 + 2
7+2

23 + 3
68 + 3
20+0
25+ 1
17+ 1
26 + 3
58+ 11
127 + 26
9+11
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Fig. 4. SDS/polyacrylamide-gel electrophoresis of the core pro-
tein (obtained after TFMS treatment) of human GBM
HSPG in 3-20% polyacrylamide slab gel
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Per track 10 ,ug (track 1) or 2 ,ug (track 2) of core protein
was applied and the gel was stained with silver. Track 3,
markers.
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Fig. 5. Gel chromatography on Sephadex G-100 of the 13HI-
glycosaminoglycan chains obtained by alkaline NaB3H4
treatment of HSPG

,,, c. ..

Fig. 3. SDS/polyacrylamide-gel electrophoresis of human GBM
HSPG in 3-20% polyacrylamide slab gel

Per track 5.0 pug (track 1) or 1.0 pg (track 2) of HSPG was

applied and the gel was stained with silver. Track 3,
markers.

The [3H]glycosaminoglycan chains obtained by alkaline
NaB3H4 treatment of HSPG and purified by Bio-Gel P-2
and DEAE-Sepharose chromatography were applied to a
column equilibrated with 0.2 M-NaCl. After elution with
the same solution each fraction was analysed for radio-
activity. The void volume (VO) and the total volume (VK)
of the column are indicated, and the elution positions
of reference 26.0 kDa, 21.0 kDa and 14.3 kDa glycos-
aminoglycans are indicated by arrows 1-3 respectively.
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Fig. 6. Gel chromatography on Bio-Gel P-30 of inact and
degraded 13Hjglycosaminoglycan chains of human GBM
HSPG

0, Intact [3H]glycosaminoglycan chains of human GBM
HSPG. Degradation was performed with HNO2 treatment
(U) and with heparitinase digestion (A). Equilibration
and elution of the column was performed with buffer A.
Each fraction was analysed for radioactivity. The void
volume (V,,) and total volume (K) of the column are
indicated, and the elution positions of intestinal mucosa
heparin (21.0 kDa), cytochrome c (12.4 kDa) and adreno-
corticotropin (3.5 kDa) are indicated by arrows 1-3
respectively.

passed a broader molecular-mass range (average 5 kDa).
Large segments of the internal portion of glycos-
aminoglycan chains are apparently devoid of N-sulphate
groups and are therefore resistant to HNO2. Digestion of
the glycosaminoglycan chains with heparitinase effected
a more complete degradation to the short stubs from the
reducing end (Ka,. 0.60).

Characterization of the anti-HSPG serum
Polyclonal antibodies were raised against the proteo-

glycan in rabbits according to two immunization sched-

2

0 25 210 215 220
Dilution

Fig. 7. E.I.i.s.a. with the anti-HSPG serum against intact HSPG
(1 pg/well) (0), its core protein obtained after TFMS
hydrolysis (1 pg/well) (A), heparitinase-digested HSPG
(1 jug/well) (El), Pronase-digested HSPG (1 jg/well
(-) and HS (5 pg/well) (A)

Pre-immune serum gave no reaction (result not shown).

-160 kDa

- 110 kDa
- 90 kDa
- 60 kDa

Fig. 8. Western blots of intact human GBM HSPG (a) and its
core protein obtained by TFMS treatment (b) subjected
to electrophoresis on SDS13-20% polyacrylamide gels

Immunostaining was performed with anti-HSPG serum
and peroxidase-conjugated goat anti-(rabbit IgG) anti-
bodies [51].

ules. Both protocols resulted in antisera of comparable
titres. The schedule of Vaitukaitis [42] needed, however,
less antigen (approx. 100 ,Ig instead of 500 ,ug). By
e.l.i.s.a., no antibody activity could be detected against
mouse laminin (EHS-tumour-derived) and human type
IV collagen, albumin or fibronectin. The polyclonal
antibodies showed no reactivity against bovine kidney
HS, to the Pronase digest of HSPG or to HS released by
treatment with alkaline NaBH4. The antibodies showed
a clear reactivity against the core protein (obtained after
heparitinase or TFMS treatment of the HSPG) (Fig. 7).
The antibodies seem to recognize specifically epitopes
present on GBM HSPG, since we observed only a slight
reactivity (< 5 O) with HSPG purified from human
glomeruli [18].
On immunoblotting, the antiserum showed a positive

binding to both the native HSPG as well as to the core
protein (Fig. 8). The antiserum detected the same bands
as those detected by silver staining (Figs. 3 and 4). An
additional core protein of 90 kDa became visible. Seven-
teen monoclonal antibodies prepared against human
GBM HSPG showed the same four core proteins (results
not shown).

In immunofluorescence studies the antibodies specific-
ally stained basement membranes of human kidney (Fig.
9) in an intense linear pattern, not only the glomerular
basement membrane, but also tubular and peritubular
capillary basement membranes and Bowman's capsule.
The antiserum showed the same reaction pattern with
horse, rat, mouse and hamster kidney (results not shown).
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Fig. 9. Immunofluorescent staining of human kidney cortex with anti-(human GBM HSPG) serum (dilution 1:500)

Magnification x 80.

DISCUSSION
We isolated HSPG from the human GBM by guanidine

extraction, repeated ion-exchange chromatography and
subsequent gel filtration on Sepharose CL-4B and Seph-
acryl S200. This procedure was chosen to avoid the use
of chondroitin lyases, since these treatments may lead to
proteolytic degradation by contaminating proteinases.
Proteolytic degradation during isolation of glomeruli,
GBM and HSPG was prevented as far as possible by
performing the procedures at 4 °C and adding a mixture
of proteinase inhibitors. The HSPG content of GBM is
low (about 1 ), but the recovery after isolation was
relatively good (10-30 %O). The isolated proteoglycan
preparations were sensitive to heparitinase and resistant
to chondroitin ABC lyase, and had a molecular mass of
200-400 kDa. Previous estimations of the molecular
mass of GBM HSPG vary from 130-185 kDa for rat
GBM [12,191, to 200 kDa for bovine GBM [54] and to
350 and 210 kDa (two forms) for human GBM [21]. The
last-mentioned values are comparable with our data.
The molecular mass of 18 kDa for the HS chains is in

the range of these polymers from rat GBM (26 kDa) [19]
and bovine GBM (14 kDa) [20]. The HNO, degradation
of the 3H-labelled HS chains indicated an uneven dis-
tribution of N-sulphate groups along the HS chains. As
for bovine GBM HSPG [20], we found for human GBM
GSPG that the M-sulphated groups are preferentially
located in the distal region of the HS chains. An extended
N-acetylated sequence adjacent to the protein-linkage
region was also found in human skin fibroblast HSPG
[55]. Whether this feature has functional implications
needs further investigation.
The presence of more core proteins after TFMS

treatment of HSPG may be due either to proteolytic
processing of a precursor protein or to proteolysis
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occurring after death, during storage of kidneys, glomer-
uli and GBM preparations or during the extensive
purification procedures. The presence of the same core
proteins in all four HSPG preparations and their similar
reaction with polyclonal and monoclonal antibodies
provide evidence for their relation with HSPG. Our data
for the main core proteins of human GBM HSPG
liberated by TFMS are in agreement with those reported
by Shimomura & Spiro [21]. Bovine GBM HSPG gave
only one core protein of 128 kDa (after TFMS treatment)
[54]. The value for the core protein of HSPG of rat GBM
was markedly lower [19]. Variations might be related to
interspecies differences, but proteolysis is probably re-
sponsible for the small size of the core protein from rat
GBM HSPG, as observed by Kanwar [19], since recently
[56] the presence of a 130 kDa core protein in rat GBM
HSPG was reported. Antibodies against EHS-tumour
HSPG detected in extracts of rat GBM, after treatment
with heparitinase, core proteins with apparent molecular
masses of 250, 200 and 150 kDa [16].
The protein content of HSPG from human GBM is

comparable with that from bovine GBM [20], but clearly
aberrant from that of rat GBM [19]. Amino acids typical
of collagen IV were lacking in our preparations and
HSPG from rat GBM [19], but present in that from
bovine GBM [20]. A high number of (half-)cystine
residues was found for bovine GBM HSPG, but this
amino acid was barely detectable in HSPG from human
and rat GBM. On the basis of the protein content and
the apparent molecular masses of the intact HSPG, the
core protein (after TFMS treatment) and the HS chains,
human GBM HSPG may contain three or four HS side
chains and have a structure comparable with that sug-
gested for HSPG from bovine GBM [57].

In e.l.i.s.a. the polyclonal anti-(GBM HSPG) serum
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showed little reaction with HSPG preparations isolated
from human glomeruli [18]. These preparations con-
tained, however, only 4000 protein and had clearly a
different amino acid composition. The occurrence of
different HSPG populations in glomeruli [24] and the
low proportion of the glomerular glycosaminoglycan
content present in the GBM [18] may explain these
differences, but it may be possible that proteolytic
degradation has taken place during isolation of glom-
erular HSPG.

Immunoblotting studies and e.l.i.s.a. confirmed that
the polyclonal antibodies to the human GBM HSPG did
not react with other basement-membrane components or
albumin. In addition, the antiserum did not react with
the glycosaminoglycan portion. Therefore the antiserum
probably recognizes epitopes on the core protein of the
proteoglycan, although in addition it may possess re-
activity against N- or 0-linked oligosaccharides. The
immunohistochemical study demonstrated staining of
renal basement membranes of human and various other
mammalian species in an intense linear pattern.
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