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CHAPTER

1

GENERAL INTRODUCTION

1.1. BASEMENT MEMBRANES IN GENERAL

Knowledge of basement membranes has been limited to morphological descriptions for many years after their discovery by Todd and Bowman (1857).
When techniques to isolate basement membranes became available (Krakower &
Greenspon, 1951) and the electron microscope gained access to the laboratories, understanding of the structure and function of basement membranes
improved.
Basement membranes are extracellular structures that lie as a continuous sheet closely around tissues like epithelia, endothelia, muscle fibres,
Schwann cells, adipocytes etc. (Fig. 1.1). They are supposed to be products
of these tissues (Pierce, 1966; Farquhar, 1978). As with e.g. vascular endothelium and epidermal, intestinal and renal tubular epithelium they form the
boundary between parenchymal cells and connective tissue. In renal glomeruli,
lung alveoli, liver and choroid plexus of brain, basement membranes separate
epithelium from capillary endothelium. Basement membranes may be defined by
their electron microscopical appearance as a moderately electron dense layer
composed of fine fibrils 3-4 nm in diameter arranged randomly in a granular
matrix (Farquhar, 1978). Attaching collagen fibrils recognizable by 64 nm
periodicity are excluded from this definition. Basement membrane, basal lamina and basement lamina are interchangeable terms, although some morphologists
apply the term basement membrane only in studies with light microscopy (Vracko
et al., 1979).
In contrast to cellular membranes, basement membranes appear to lack
lipids and are largely built up of glycoproteins, making them btrongly PASpositive (McManus, 1948). Immunological studies suggest that these structures
possess several antigenic components which are shared by both the endothelial
and epithelial types of basement membranes (Kefalides, 1973). Basement membranes do not appear to possess enzymatic or carrier activities. Their exact
composition and properties are still incompletely understood. Investigations
of their structural organization are hampered by the poor solubility of these

1

Ceniiounnory
Respiratory
GostrointesTinol
Eiocrine Systems
Cardiovascular
and
Mesolhelial
spaces

Fig. 1.1.

Diagram of anatomic distribution of the basal lamina (depicted as
heavy line) in its typical location between parenchymal cells and
the space occupied by connective and supportive tissues. Parenchymal cells
include all epithelial cells of the epidermis and epidermal appendages, of
the genitourinary, respiratory and gastrointestinal tracts, all exocrine
glands, endothelial cells of the cardiovascular system, mesothelial cells of
body cavities, cells comprising central and peripheral nervous systems, endocrine cells, muscle fibres and fat cells. The space occupied by connective
and supportive tissue (shaded area) contains bone and associated cells, cartilage and associated cells, collagen, elastin and fibroblasts (From Vracko,
1974; with permission).

membranes. Insight in the chemical composition of basement membranes is needed to understand their functioning in normal conditions and diseases, in which
these membranes appear to be affected.
In this chapter the present knowledge on function and biochemistry will
be summarized for basement membranes found in the mammalian body (section
1.1) and in particular in the mammalian kidney (section 1.2). Some age-related
changes in morphology and functional capacities of the kidney will be discussed together with alterations in glomerular and tubular basement membranes
(section 1.3). A separate paragraph is devoted to alterations in renal basement membranes in pathology (section 1.4). Finally, the scope of this study
will be outlined (section 1.5). For comprehensive information, the reader is
referred to a number of excellent reviews on basement membranes (Kefal ides,
1973; Vracko, 1974; Spiro, 1978; Kefalides et al., 1979), on basement membranes in pathology (Reddi, 1978; Glassock, 1978) and on structure and syn-
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thesis of collagens (Prockop et al., 1979; Eyre, 1980).

1.1.1. Functions
Basement membranes perform a variety of functions. Firstly, these extracellular structures provide mechanical support to the tissues which rest upon
them. As continuous sheets, they form long cylinders around epithelia and
endothelia, by which these tissues are resistant to inner pressure or stretching forces (Fisher & Wakely, 1976; Welling & Welling, 1978; Krakower et al.,
1978). Tubules and glomeruli do not loose their anatomical architecture after
perfusion of kidneys with strong detergents although these organs were highly
stripped of cells (Brendel et al., 1978).
In capillary walls basement membranes possess semipermeable properties,
allowing free passage of water and small solutes, but regulating the passage
of protein (Casley-Smith, 1976). They may act as size- and charge-selective
barriers as was shown for glomerular capillaries of kidneys (Venkatachalam
& Rennke, 1978). Selectivity and permeability of basement membranes, however,
vary markedly between various blood-body fluid barriers e.g. pleura, synovium,
blood-brain barrier and placenta (Renkin, 1964; Felgenhauer, 1980).
Basement membranes are also characterized by a certain extent of tissue
specificity. After tissue damage the presence of a physically intact basement membrane is a prerequisite for positioning new cells of the right type
in exact spatial relationships to repair the normal anatomical structure
(Vracko, 1974). Such a property may also relate to immunological differences,
that were found between endothelial and epithelial basement membranes of
different tissues (Pierce & Nakane, 1967). Basement membranes appear to be
important for development and differentiation of embryonic systems (Tanaka
et al., 1976; Hay, 1978; Wakely & England, 1979; Kefalides et al., 1979).

1.1.2. Biochemistry
1.1.2.1. Isolation of basement membranes
The chemical composition and synthesis of basement membranes has been
investigated in various tissues and species (see Kefalides et al., 1979).
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For this purpose basement membranes have to be separated from cellular particles and adhering connective tissue elements. Only with lens capsules this
can be achieved with mild mechanical means (Krakower & Greenspon, 1978). In
other tissues the membranes are isolated by harsher procedures in which
sonication (Krakower & Greenspon, 1951; Spiro, 1967a) or detergent treatment
(Bruchhausen & Merker, 1967; Nagano et al., 1975; Meezan et al., 1975; Ligler
et al., 1977) are the principal steps for removal of cellular material. With
these latter methods one must be aware of the danger of altering these membranes so that subsequent investigations may not be entirely valid (Krakower
& Greenspon, 1978). Sonicated preparations of glomerular basement membranes
have to undergo an additional sieving step to remove incompletely disrupted
glomeruli (Westberg & Michael, 1970; Tryggvason & Kivirikko, 1978; Hoyer &
Spiro, 1978) and the duration of sonication influences the experimental
results (Kefalides, 197A; Tryggvason, 1977). Sonication causes loss of double
linear staining patterns in human glomerular basement membranes, as is observed with rabbit anti-human glomerular basement membrane antibodies (Fish
et al., 1979), and fragmentation of the basement membranes. The detergent
procedure delivers, however, basement membrane preparations, which are ultrastructurally free of cellular debris or attaching cell membranes and retain
their anatomical (Carlson et al., 1978; Brendel et al., 1978) and (in view
of glycosaminoglycan-rich clusters in glomerular basement membranes) structural organization (Kanwar & Farquhar, 1979a). Our own studies with glomerular and tubular basement membranes from cattle also demonstrate the superiority of the detergent method (Langeveld et al., 1978).
1.1.2.2. Chemical composition
About 85% of the basement membrane weight is constituted by amino acids
and about 10% by carbohydrates. Lipids appear to be contaminants (Spiro,
1967a; Westberg & Michael, 1970) but some investigators believe they are
structural components forming 2-A% of the basement membrane weight (Misra,
1971; Kibel et al., 1976). Analytical electron microscopy could possibly answer this question.
All common amino acids of mammalian proteins are present in basement
membranes. Remarkable in their amino acid composition is the additional presence of collagen-specific amino acids hydroxyproline and hydroxylysine (Table
1.1). This, together with the high content of glycine, suggests the existence
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TABLE 1 . 1

FEATURES OF THE CHEMICAL COMPOSITION OF VARIOUS BASEMENT MEMBRANES

Component

Human
glomerular
basement
membrane

Canine
anterior
lens
capsule

Ovine
Descemet's
membrane

Rat
Reichert's
membrane

3-Hydroxyprol ine

7

18

7

6

Canine
choroid
plexus

trace

4-Hydroxyprol ine

66

80

77

46

48

Proline

62

66

95

62

69

Glycine

227

288

230

179

236

Half-cystine

23

18

11

19

10

Hydroxylysine

24

32

20

18

9

Lysine

26

11

24

33

41

Glucose

14

28

19

12

8

Galactose

14

28

21

17

11

Hexosamines

11

6

8

28

9

5

1

2

6

5

Neuraminic ac ids

Data were gathered from Kefalides et al., 1979. Amino acids are expressed as
residues per 1000 residues, carbohydrates as pmol per 100 mg dry weight.

of collagenous peptides in basement membranes. The high hydroxylysine content
and substantial amounts of 3-hydroxyproline are characteristic for basement
membranes. Another feature is the presence of substantial amounts of halfcystine.
Carbohydrates generally present in basement membranes are glucose,
galactose, mannose, fucose, N-acetylglucosamine, N-acetylgalactosamine and
N-acyl derivatives of neuraminic acid (sialic acids). Hexuronic acids were
detected in anterior and posterior lens capsules of cattle (Fukushi & Spiro,
1969) and recently in glomerular basement membranes together with low amounts
of xylose (Levine & Spiro, 1979). The linkages of two types of saccharide
chains to the peptides were identified. One chain, a disaccharide, exists as
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2-0-a-D-glucosyl-D-galactopyranose occupying about 80% of the hydroxylysine
residues in a O-B-glycosidic linkage in glomerular basement membrane and lens
capsule of cattle (Spiro, 1967c; Spiro & Fukushi, 1969). The other saccharide
chain is a branched heteropolysaccharide composed of sialic acid, fucose,
mannose, galactose and N-acetylglucosamine, that is presumably attached to
asparagine by a glycosylamine linkage (Spiro, 1967b). The disaccharide unit
is unique to the collagen family of glycoproteins (Spiro, 1969), while the
heteropolysaccharide unit has been observed in a large variety of non-collagen
glycoproteins (Spiro, 1973). There are approximately 10 disaccharide units
for every heteropolysaccharide unit in bovine glomerular basement membrane
(Spiro, 1967b). The two types of saccharide groups are attached to the same
peptide sequence within a span of no more than 12 amino acid residues in
bovine glomerular basement membranes (Levine & Spiro, 1979).
The most notable differences among various basement membranes (Table 1.1)
appear to reside in the proportion taken up by the collagenous component
(Kefalides et al., 1979). Factors like purity of preparations (Westberg &
Michael, 1970; Butkowski et al., 1979), species (Kefalides, 1970; Sachot et
al., 1975) and age (Clark et al., 1975; Hoyer & Spiro, 1978; Langeveld et al.,
1978) may contribute to variations in the chemical composition of basement
membranes reported in the literature.
1.1.2.3. Collagenous components
Collagen is the most abundant protein in mammals accounting for about
25% of total body protein (Bailey, 1968). Collagens can be isolated from tis
sues by extraction with neutral salt solutions, acid buffers (Miller, 1978)
or by limited pepsin treatment followed by heat gelation and fractional salt
precipitation (Trelstad, 1979). A particular property of all collagen mole
cules is the triple helix (Fig. 1.2) a unique protein conformation that is
a coil of three polypeptide subunits or α chains. Eight different collagen α
chains have now been isolated from various tissues of higher animals (Table
1.2). These chains have been firmly identified as distinctive gene products
and occur in 5 types of collagen molecules (Eyre, 1980).
As reviewed by Eyre (1980), interstitial collagen molecules (type I, II
and III) occur in a functional form, the fibril, an ordered molecular polymer
visible by electron microscopy as banded structures. These fibrils exhibit
the same characteristic 64-67 nm axial- or D-periodicity under the electron

6

TABLE 1 .2

FEATURES OF HUMAN COLLAGEN α CHAIN COMPOSITION

Collagen

I

type

II

Tissue

Skin, tendon

distribution

bone, (widespread)

Denotation

α1(Ι)

α

α2(Ι)

III

Cartilage

α

а1(ІІ)

Ь

IV

Skin, uterus.

Basement

Basement

blood vessels

membranes

membranes

aC

aAa

αϊ(III)

aD

aB

chain

1.2

2

N.R.

8

7

2

3

4-Hydroxyproline

HA

105

99

125

123

112

109

109

Proline

118

114

121

107

58

55

97

118

Glycine

330

331

333

350

354

346

Half-cystine

N.D.

N.D.

N.R.

3-Hydroxyproline

1 .1

e

2

N.D.

1 .8

319

322

N.D.

N.D

Hydroxylysine

10

12

14

5

52

41

24

35

Lysine

27

20

22

30

7

5

18

20

Arginine

49

51

51

46

21

41

68

50

4-Hyp/Hyl ratio

11.4

8.8

7.1

25.0

Amino acids are given as residues per 1000 amino acid residues.
я From Burgeson et al. (1976); isolated from placenta.
b From Miller & Lunde (1973); isolated from articular cartilage.
£ From Chung & Miller (1974); isolated from dermis.
d From Dixit (1980); isolated from kidney cortex of adults.
£ N.D., not determined; N.R., not reported.

2.4

2.7

4.5

3.1

PROCOLLAGEN MOLECULE

Fig. 1.2.

Schematic representation of the structure of the procollagen- and
collagen molecule. Glc denotes glucose; Gal, galactose; Man, mannose;
GlcNac, N-acetylglucosamine. (From Prockop et al., 1979; with permission).

microscope. In addition, specific banding patterns are observed in segmentlong-spacing crystallites, which are aggregates of collagen molecules alligned
with amino- and carboxyl-terminal ends in register (Bruns & Gross, 1973).
Interstitial collagen molecules are 300 nm long. Their constituting a chains
contain about 1050 amino acid residues and have a molecular weight of 95,000
daltons (Bornstein, 1974). The chemical composition of collagen is character
ized by the presence of hydroxyproline, hydroxylysine and glucose. Except for
small telopeptides every third amino acid in the α chain of types I-III col
lagen is glycine, forming the general formula for amino acid sequences (GlyX - Y ) , , n , with 4-hydroxyproline limited to position Y. Gelation of collagens
at heating is directly related to the content of 4-hydroxyproline in that
position (Burjanadze, 1979) and is a consequence of unfolding of the triple
helix. The imino acids proline and 4-hydroxyproline together account for about
a fifth of the total amino acid residues. All eight types of collagen are sus
ceptible to proteolytic attack by bacterial collagenase (Harper, 1980).
Basement membrane collagens account for about 1% of total body collagen
and 35% of total kidney collagen in mice (Man & Adams, 1975). Limited pepsin
digestion is an essential condition to obtain collagenous peptides from
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basement membranes with a glycine content as high as in interstitial collagens.
Such chains isolated from a wide variety of tissues had: electrophoretic
mobilities on Polyacrylamide gels nearly similar to or faster than that of the
αϊ(I) chain, a chemical composition of about 33% glycine and 20% imino acid
residues and low amounts of half-cystine (Kefalides, 1971; Daniels & Chu, 1975;
Tryggvason & Kivirikko, 1978; Dehm & Kefalides, 1978; Dixit, 1979). From chro
matographic studies, amino acid analysis and cyanogen bromide cleavage exper
iments it appeared, that there were at least two genetically distinct a chains
in basement membranes, an acidic and a basic one, variously indicated with A
and В (Daniels & Chu, 1975), С and D (Kresina & Miller, 1979; Gay & Miller,
1979; Dixit, 1980), αϊ (IV) and a2(IV) (Sage et al., 1979), α'(IV) and α " (IV)
(Glanville et al., 1979), Pj and P 2 (Timpl

et al., 1979a), 100 К and 70 К

(Bailey et al., 1979), respectively. These two collagen type IV α chains
differed constantly in their arginine content being about twice as high in the
second chain (Table 1.2) (Crouch et al., 1980; Dixit, 1980). The two native
α chains of type IV collagen in basement membranes have higher molecular weights
than the native αϊ(I) chains, by the presence of longer non-collagen extension
peptides at both ends of the α chain (Tryggvason et al., 1980; Schwarz & Veis,
1980). Recently, the Ρ
from the (Gly-X-Y)

(or aC) chain of type IV collagen was found to deviate

formula by a short non-helical sequence present within the

α chain (Schuppan et al., 1980).
In immunoferritin studies it was tentatively shown that in addition to
type IV collagens also type V (aA and aB) collagens are localized in authentic
basement membranes (Roll et al., 1980). Type V α chains were isolated from
human placenta (Burgeson et al., 1976), human liver, uterus, walls of several
major vessels (Chung et al., 1976), human synovial membranes (Brown et al.,
1978) and rat skin (Deyl et al., 1979). Types IV and V collagen have some
properties in common. They are resistant to various mammalian collagenases,
which degrade type I, II and III collagen (Woolley et al., 1978; Timpl

et al.,

1979b; Liotta et al., 1979; Chiang et al., 1980). They lack a D-periodicity
and their segment-long-spacing banding patterns are distinctly different from
those of interstitial collagens (Schwarz & Veis, 1978; Glanville et al., 1979;
Trelstad, 1979). Type V and even more type IV collagen are characterized by a
high hydroxylysine content, showing low molar ratios of 4-hydroxyproline to
hydroxylysine (Table 1.2). While 5 to 56 percent of hydroxylysine residues in
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interstitial collagens are glycosylated (Spiro, 1969) this percentage is
appreciably higher in types IV and V collagens (Chung et al., 1976; Sage et al,,
1979; Gay & Miller, 1979; Kresina & Miller, 1979).
Type IV collagen is distinguished from type V and interstitial collagens
by a high 3-hydroxyproline and low proline content (Table 1.2). In contrast to
all other collagen types, type IV collagen is sensitive to collagenase pre
pared from a metastatic murine tumor, which presumably cleaves it at a single
site (biotta et al., 1979; biotta et al., 1980).
1.1.2.4. Non-collagenous components
The presence of carbohydrates like glucosamine, of glycine contents lower
than that of α collagen chains and of large amounts of half-cystine in various
basement membranes (Tables 1.1 and 1.2) suggest that non-collagenous glyco
proteins exist in these membranes. Extraction of various basement membranes
with 8 M urea followed by gel filtration chromatography revealed a high molec
ular weight fraction with a low glycine content, but still containing hydroxylated imino acids in low amounts (Kefalides, 1972). This glycoprotein fraction
shared antigenic determinants with an undigested hydroxyproline-free residue
obtained after treatment of basement membrane with bacterial collagenase.
Extraction of glomerular basement membrane with 6 M guanidium chloride follow
ed by gel filtration under reducing conditions permitted the isolation of a
pure glycoprotein containing low amounts of hydroxyproline and hydroxylysine
and with a molecular weight of at least 70,000 daltons (Ohno et al., 1975).
From these experiments it was, however, not obvious whether these polypeptides
exist as genetically distinct non-collagenous glycoproteins.
Evidence for the existence of a separately synthetised non-collagenous
glycoprotein was obtained with an antigen isolated from EHS sarcoma, a tumor
that produces a basement membrane-like matrix (Orkin et al., 1977). From this
tumor, Timpl

et al. (1979c) extracted with neutral salt solutions a non-

collagenous glycoprotein, laminin. This protein consisted of at least two
polypeptide chains (molecular weights 220,000 and 440,000, respectively) join
ed to each other with disulfide bonds. It is essentially free of hydroxyproline,
contains only 2 residues of hydroxylysine per 1000 amino acid residues and is
rich in half-cystine residues. With anti-laminin antibodies, intense staining
was shown by indirect immunofluorescence of authentic basement membranes in
various tissues of different species (Rhode et al., 1979; Foidart et al.,
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1980a; Scheinman et al., 1980). No cross reactivity was found with type IV
collagen or fibronectin (Timpl

et al., 1979c; Wick et al., 1979; Foidart et

al., 1980a). From human HT-1080 tumor cells a protein was recently isolated
with immunologic properties and subunit composition comparable to that of
laminin (Alitalo et al., 1980). On the basis of chemical composition, laminin
(Timpl

et al., 1979c) may be related to the low molecular weight fraction D

isolated by Kefalides (1972) after digestion of different basement membranes
with bacterial collagenase and further fractionation on Sephadex G-200, and
related to component la isolated by Sato & Spiro (1976) after carboxymethylcellulose chromatography and subsequent fractionation on Polyacrylamide gels
of reduced and alkylated glomerular basement membrane.
Fibronectin, another large molecular weight glycoprotein (molecular weight
of subunit = 220,000) present in plasma and tissues was also demonstrated in
basement membranes of many tissues (Stemnan & Vaheri, 1978; Bray, 1978; Courtoy
et al., 1980; Scheinman et al., 1980; Alitalo et al., 1980).
Finally, glycosaminoglycans are present in basement membranes, e.g. of
lens capsules (Fukushi & Spiro, 1969), embryonic salivary epithelia (Cohn et
al., 1977), and renal basement membranes (Kanwar & Farquhar, 1979a). They form
a low percentage of the total basement membrane weight, amounting to about 1%
of the glomerular basement membrane (Kanwar & Farquhar, 1979b; Levine & Spiro,
1979).
1.1.2.5. Heterogeneity of composition
Basement membranes are essentially insoluble in salt solutions at physiologic pH (Spiro, 1978). Reduction of disulfide bonds in the presence of sodium
dodecyl sulfate or urea, or reduction and alkylation followed by incubation in
sodium dodecylsulfate or urea solubilizes more than 80% of the glomerular basement membrane material (Hudson & Spiro, 1972a). Sequential fractionation of
the solubilized material from glomerular basement membrane by chromatographic
and electrophoretic means reveals more than 50 peptide chains ranging in size
from 25,000 to about 200,000 daltons (Sato & Spiro, 1976). These peptides had
a markedly diverse amino acid and carbohydrate composition, but nearly every
of these chains was essentially devoid of the hydroxylated derivatives of lysine
and proline or half-cystine and glucosamine. The collagen-like polypeptide components, however, had a relatively low content of half-cystine, tyrosine,
aspartic acid and heteropolysaccharides. The more polar polypeptides were
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enriched in these constituents. The results suggested the presence of both
collagenous and polar domains in the same peptide chains (Sato & Spiro, 1976).
The polydispersity of polypeptides in glomerular basement membranes was cor
roborated by other investigators using Polyacrylamide gel electrophoresis
(Hudson & Spiro, 1972b; Freytag et al., 1976; Tryggvason & Kivirikko, 1978) or
14
Ч.П V-CÍAO incorporation of [ С] lysine followed by gel filtration chromatography
(Cohen & Klein, 1977).
Studies on protein composition have mainly been performed with glomerular
basement membranes, while lens capsules were often used as a source for iso
lation of type IV collagen α chains. Limited pepsin or pronase digestion of
lens capsules delivers about 60% of the starting material as collagen-like
polypeptides (containing about 30% glycine) (Kefalides & Denduchis, 1969; Dehm
& Kefalides, 1978). In contrast, a treatment with pronase of glomerular base
ment membrane or Descemet's membrane results in the delivery of only 9 and 8%
of such polypeptides, respectively (Kefalides & Denduchis, 1969). Basement
membranes from renal tubules (Spiro, 1978; Butkowski et al., 1979) also showed
a heterogeneous polypeptide composition.
The heterogeneity may be due to differences in genetic information but
also variations in the processing of the biosynthetic products may play a role.
A number of genetically distinct collagenous and non-collagenous glycoproteins
were identified. The triple helical domains of basement membrane polypeptides
are markedly resistant to proteolytic attack while non-helical non-collagenous
regions are susceptible to proteases (Schwarz et al., 1980; Schwarz & Veis,
1980). In addition, at least one pepsin-sensitive non-helical region within
the chain itself was demonstrated (Schwarz & Veis, 1980; Schuppan et al., 1980).
Finally, disulfide cross-links (Hudson & Spiro, 1972a; Alper & Kefalides, 1978)
and borohydride-reducible cross-links derived from lysine and hydroxylysine
(Tänzer & Kefalides, 1973; Alper & Kefalides, 1974) may contribute to the high
stability and complex supramolecular organization of basement membranes.
1.1.2.6. Biosynthesis and turnover
After consideration of the biosynthesis of collagen (see Prockop et al.,
1979) the synthesis of basement membrane will be discussed. During initial
translation, a proa

collagen chain is being synthesized with additional signal

sequences at the amino terminal ends of these chains. Amino and carboxyl
terminal ends contain cysteyl-derived disulfide cross-links. During the move-
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ment of proa

chains along the endoplasmic reticulum, prolyl- and lysyl

residues are hydroxylated by specific hydroxylases: prolyl 4-hydroxylase,
prolyl3-hydroxylase and lysyl hydroxylase. These three enzymes all use the
same cofactors: ferrous ions, molecular oxygen, a-ketoglutarate and ascorbic
acid. Prolyl Α-hydroxylase and lysyl-hydroxylase act only on prolyl and lysyl
residues, respectively, in the Y position of the -Gly-X-Y-sequences. Prolyl
3-hydroxyLase acts on prolyl residues in the X position only, if the Y posi
tion is 4-hydroxyproline, leading to the formation of the amino acid sequence
-Gly-3-Hyp-4-Hyp-. As hydroxylysyl residues are formed galactose and glucose
residues are subsequently added, galactose by a galactosyl transferase to the
hydroxylgroup of

hydroxylysine and glucose to galactose by a glucosyltrans-

ferase. The transferases, specific for these reactions, use the sugars in form
of an uridine diphosphate glycoside and require the presence of a bivalent
cation, preferably manganese. The hydroxylases and transferases act only on
non-triplehelical substrates. Saccharides of non-collagen glycoproteins and
glucosamine-containing saccharides present in the globular propeptides of the
proa

chains are probably synthesized with dolichol intermediates such as those

involved in the synthesis of other glycoproteins (Waechter & Lennarz, 1976).
After the proa

chains have acquired about 90 A-hydroxyproline residues

and the interchain disulfide bonds at the carboxypropeptides have been formed
the proa

chains fold into a triplehelical conformation and form the procollagen

molecule (Fig. 1.2). These molecules are only rapidly secreted, when they are
in triplehelical conformation. Procollagen is extracellularly processed by
proteases which split off the amino- and carboxy terminal globular propeptides
to a variable extent for the different types of collagen. The collagen mole
cules spontaneously assemble into fibrils. These fibrils lack tensile strength
until they are cross-linked by a series of covalent bonds reducible by borohydride. The cross-links promote lateral fibril formation and make this process
irreversible (Gelman et al., 1979). A change in concentration of different
types of cross-links appears to be related to formation of collagen fibres and
bundles from microfibrils (Boucek et al., 1979). Furthermore, cross-linking
contributes to the resistance of the collagen molecules to bacterial and mam
malian collagenase (Boucek et al., 1979; Vater et al., 1979).
Cross-link formation is preceded by oxidative deamination of ε-amino
groups of certain lysyl and hydroxylysyl residues yielding reactive aldehydes.
This process is catalysed by a copper-containing enzyme lysyl oxidase, which
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preferentially acts on native collagen fibrils. Two types of cross-links may
subsequently be formed, one by aldol condensation of two aldehydes, the other
by condensation of an aldehyde and an ε-aminogroup of an unoxidised lysyl- or
hydroxylysyl residue leading to Schiff bases. The former or aldol type is in
volved in cross-links between α collagen chains of the same molecule (intra
molecular cross-link), the latter or aldimine type in cross-links between α
collagen chains of two different molecules (intermolecular cross-link). If
the aldehyde component of the initial Schiff base is derived from hydroxylysine (or glycosylated

hydroxylysine) the cross-link is more stable than if

the aldehyde is formed from lysine. The aldimine type of cross-link can be
converted to various more stable cross-links. Converted cross-links like
hydroxyaldolhistidine and dehydromero-histidine are not yet with certainty
identified as -¿Л \l-i\Ju existing products (Bailey et al., 1974; Rucker & Murray,
1978). A more probable and stable transformation product seems to be the
recently identified cross-link pyridinoline, that presumably is delivered from
three hydroxylysine residues (Fujimoto et al., 1977).
The meaning of the saccharide unit associated with hydroxylysine in col
lagen is unclear, but they may disturb the arrangement of collagen molecules
to fibrils (Morgan et al., 1970). An inverse relation was noted in collagen
fibril diameter and carbohydrate content for interstitial collagens (Schofield
et al., 1971). Therefore, the high disaccharide content may partly explain,
why basement membrane collagens do not show such fibrillar structures.
In

лЛЛО experiments with a wide variety of basement membrane producing

systems (see Kefalides et al., 1979) have elucidated some important features
of basement membrane biosynthesis and have contributed to the understanding of
14
basement membrane composition. Incubation of such systems in [ C]proline or
14
[ C]lysine-containing media delivered radioactive polypeptides in which the
ratios of radioactive 3-hydroxyproline to 4-hydroxyproline (amounting to about
0.12) and the extent of glycosylation of

hydroxy[

C]lysine (amounting to

about 90%) were indicative for synthesis of type IV collagen (Grant et al.,
1975; Howard et al., 1976; Kefalides et al., 1976). Intracellular triplehelix
and disulfide bond formation occurs after more than 45 minutes for basement
membrane proa

chains of chick embryo lens capsules (Grant et al., 1973) and

rat glomeruli (Williams et al., 1976). This longer period than the 5 to 15 min
period known to be necessary for type I and II procollagen formation may re
late to the facts, that basement membrane collagen is highly hydroxylated and
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glycosylated and secretion of basement membrane procollagen requires a twice
as long time period than that of interstitial procollagens (Kefalides et al.,
1976). The newly secreted basement membrane procollagens contain proct

chains

with molecular weights varying between 140,000 to 180,000 daltons, which is
significantly larger than that of type I or II prod

chains (Clark & Kefalides,

1978; Tryggvason et al., 1980; Heathcote et al., 1980). Basement membrane procollagens are incorporated in basement membrane matrix without complete removal of globular extension peptides (Clark & Kefalides, 1978; Heathcote et
al., 1980).
Hjelle et al. (1979) found with radiolabeled amino acids, glucosamine and
galactose, that the basement membrane produced by -¿η Ι Η Χ Ί Ο incubated glomeruli
is at least a two-component system comprising a rapidly synthesized and de
posited non-collagenous glycoprotein component and a collagenous component
which is only deposited after a delay of several hours.
Synthesis of glycosaminoglycans took place -¿n \!-it>lO in isolated glomeruli
(Cohen, 1980) and glomerular cells in culture (Farin et al., 1980). Epithelial
cells synthesize mainly heparan sulfate, in contrast to mesangial cells which
produce chondroitin 4 sulfate, chondroitin 6 sulfate and dermatan sulfate
(Farin et al., 1980). EUS sarcoma in mice is active in synthesis of a heparan
sulfate-like component, which appeared to contain a protein core. Antibodies
to these proteoglycans localize to the tumor matrix and to basement membranes
in cornea and liver (Hassell et al., 1980).
Basement membrane turnover studies are rare. From a longterm electron
microscopic investigation on rats given silver nitrate, Walker (1973) concluded, that the time for complete turnover of the glomerular basement membrane
was in the order of one year. Price and Spiro (1977) found after injection of
rats with various radiolabeled amino acids, that the loss of labeled glycine,
proline and hydroxyproline from the glomerular basement membrane was as slow
as that from tail tendon collagen in the same animals (turnover time of more
than 100 days). The replacement times of leucine, hydroxylysine, lysine and
phenylalanine constituents of the basement membrane were somewhat shorter with
a range of 23 to 65 days. Other investigators noted, however, in relatively
shortly lasting experiments shorter though not calculated turnover times for
collagenous peptides in glomerular basement membrane of rat (Cohen & Surma,
1980). It can be concluded from these experiments, that polar non-collagenlike components may have a higher turnover than the collagenlike components.
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Fig.

1.3.

Model for the organization of basement membrane collagen in anterior
lens capsule. At the termini of each collagen rod are non-collagenous proteins which are flexible and can overlap the triple-helical region.
The non-collagenous proteins tend to interact with each other producing long
filaments which associate in a three dimensional network. (From Schwarz and
Veis, 1980; with permission).

1.1.2.7. Structural models
Various models have been proposed for the structural organization of base
ment membranes (Spiro, 1978; Alper & Kefalides, 1978; Kefalides et al., 1979;
Schwarz & Veis, 1980).Central in these models is the basement membrane pro
collagen molecule, which during assembly in this extracellular matrix has a
molecular weight in the 100,000-200,000 dalton range. This procollagen is the
main building unit, consisting of collagenous α chains with molecular weights
between 55,000 and 108,000 daltons containing the disaccharide units, and
globular extension peptides at amino- and carboxy-terminal ends containing most
of the heteropolysaccharide units. In addition to disulfide and lysylaldehyde
derived cross-links in both types of domains (Alper & Kefalides, 1978; Clark
& Kefalides, 1978) there may exist strong end-region interactions in globular
extension peptides (Schwarz et al., 1980; Schwarz & Veis, 1980). By these lat
ter interactions, thin filaments of procollagen molecules form networks so
that there is little preferred orientation or polarization within the basement
membrane (Fig. 1.3) (Schwarz 4 Veis, 1980). ІИ V-ivo cleavage of distinct sites
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of the procollagen molecules, possibly by neutral proteases from leucocytes
(Janoff & Zeligs, 1968; Uitto et al., 1980), may partly contribute to the subunit heterogeneity of the basement membrane. The intermolecular interactions
(cross-link- and non-cross-link derived) will maintain the split products at
their original location.
How molecules like laminin, fibronectin and glycosaminoglycans are distributed in or on the basement membranes remains to be elucidated. The function of laminin is largely unknown, but it may play some role in maintenance
of the structural integrity of basement membranes (Rohde et al., 1979) and
in cell adhesion during embryonic nephron differentiation (Ekblom et al.,
1980). Fibronectin has a special binding affinity for several collagen types
(Kleinman et al., 1978; Pearlstein et al., 1980). Glycosaminoglycans, which
occur in the lamina rara interna and externa of glomerular basement membranes
in a 60 run periodical fashion, but also along many other basement membranes
(Trelstad et al., 1974; Kanwar & Farquhar, 1979c) have associative properties
with collagenous substrates (Obrink, 1973). The glycosaminoglycan heparan
sulfate, a constituent of basement membrane (Kanwar & Farquhar, 1979c; Gordon
& Bernfield, 1980), has binding activities with a protein immunologically
similar to laminin (Sakashita et al., 1980).

In summary, all these non-

collagen glycoproteins are intriguing components but a clear understanding
of their role in basement membrane organization is lacking.

1.2. BASEHENT MF,MBRANES OF THE NEPHRON

The mammalian kidney contains numerous nephrons as functional units. They
are composed of a renal corpuscle, containing a capillary network (glomerulus)
with a surrounding capsule (Bowman's capsule) and a tubular part which can be
devided in three main parts, the proximal tubule, loop of Henle and distal
tubule (Fig. 1.4). Distal tubules fuse with collecting ducts, which converge
in calyces. The cortex or outer region of the kidney contains mainly renal
corpuscles, proximal and distal tubules and parts of the collecting ducts.
The loops of Henle and major parts of the collecting ducts reside in the
medulla or inner region of the kidney. The renal excretory system is of mesodermal origin. In the following two paragraphs morphology, function and properties of the glomerular and tubular basement membrane will be discussed.
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Fig. 1.4. Schematic representation of a nephron in
cortex together with its vascular supply
ing system (From Junqueira, L.C., Carneiro, J. and
Basic Histology, Lange Med. Publishers, Los Altos,
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the outer zone of the
and a part of the collectContopoulos, Α., 1975, in
California; with permission).

Fig. 1.5.

Schematic representation of the main compartments of a renal corpuscle at the ultrastructural level. En denotes endothelium; Ep,
visceral epithelium or podocyte; MC, mesangial cell; mm, mesangial matrix which
is continuous with the peripheral part (asterisks) of the glomerular basement
membrane; L, capillary lumen; E, erythrocyte; U, urinary space; B, Bowman's
capsule. (From the Department of Cytology and Histology, University of Nijmegen;
with courtesy).

1.2.1. Glomerular basement membrane
The glomerulus is composed of three types of tissues: endothelium, epithelium and mesangium (Farquhar & Palade, 1962) (Fig. 1.5). The mesangium or
mesangial stalk provides support to the glomerular capillaries and is composed
of mesangial cells and a matrix, which contains basement membrane-like material
(Roll et al., 1980). Filter residues, which penetrate to the subendothelial
aspect of the glomerular basement membrane are transported into the mesangium
by an unknown mechanism (Farquhar & Palade, 1962; Elema et al., 1976; Kijlstra,
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1977). From the capillary lumen outward to the urinary space, the capillary
wall consists of three layers: endothelium, glomerular basement membrane and
visceral epithelium. The endothelial cell layer is attenuated and traversed
by many fenestrae, 50-100 nm in diameter. In the glomerular basement membrane
(100-300 nm thick) three layers are discerned with the electron microscope
using non-aqueous embedding techniques: an electron-lucent lamina rara interna,
a moderately electron-dense lamina densa and an electron-lucent lamina rara
externa. Recently, such a tripartite composition of this basement membrane was
not observed applying an aqueous embedding technique (Sobhon, 1979). In the
laminae rarae, anionic (heparan sulfate-rich) sites are present in a regular
reticular pattern as seen after binding with lysozyme (Caulfield & Farquhar,
1976), polyethyleneimine (Schürer et al., 197Э; Schürer, 1980) or cationized
ferritin of specific isoelectric point (Kanwar & Farquhar, 1979a). In addition
to glycosaminoglycans, the presence of significant amounts of acidic amino
acid and sialic acid residues may contribute to the anionic character of the
glomerular basement membrane (Farquhar & Kanwar, 1980).
The epithelium consists of podocytes, i.e. cells with many cytoplasmic
projections or foot processes lining the glomerular basement membrane. The
spaces (about 39 nm) between the foot processes are filled with cell coat
material and bridged by a single porous membrane of 7 nm thick, the filtration
slit diaphragm (Rodewald & Karnovsky, 1974). The cell coats especially of epithelium and also of endothelium are strongly anionic due to the presence of
acid glycoproteins rich in sialic acid residues (Mohos & Skoza, 1970).
The conspicuous presence of sialic acid in the glomerular wall appears
to be necessary for maintenance of normal foot processes and slit arrangement
(Seller et al., 1977; Andrews, 1979). Besides, sialic acid appears to be important for the attachment of the cells to the glomerular basement membranes
(Kanwar & Farquhar, 1980).
The capillary wall of the glomerulus is permeable to great quantities of
plasma water (Robertson, 1980). Macromolecules encounter, however, progressively greater retardation with increasing molecular size (Arturson et al.,
1971; Caulfield & Farquhar, 1974; Brenner et al., 1978). The main filtering
elements are the cell coats of the endothelial and epithelial cell coats and
the glomerular basement membrane (Venkatachalam & Rennke, 1978). Fluid transport through the glomerular filter is regulated by the transcapillary hydraulic pressure difference, the systemic plasma protein concentration, the
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glomerular capillary plasma flow rate and the glomerular capillary ultrafiltration coefficient (Robertson, 1980). The capillary ultrafiltration coefficient is the product of total glomerular filtering surface area and hydraulic
permeability, the latter of which is largely determined by the glomerular baseraemt membrane.
The access of macromolecules to the urinary space depends, in addition to
factors determining fluid transport, on their interaction with the capillary
wall. At the endothelial side of the glomerular basement membrane the bulk of
the macromolecules are restricted by anionic repulsion forces (Rennke &
Venkatachalam, 1977). The glomerular basement membrane functions as a chargeand size-selective barrier (Caulfield & Farquhar, 1974; Rennke & Venkatachalam,
1977; Bohrer et al., 1978; Brendel et al., 1978). Removal of heparan sulfate
by heparitinase leads to a dramatic increase in the permeability of the glomerular basement membrane to native ferritin (molecular weight 500,000) (Kanwar
et al., 1980). Other glycosaminoglycan-splitting enzymes as hyaluronidase and
chondroitinases have no effect. The shape and flexibility of the macromolecule
also determines their clearance from the blood (jörgenson & Möller, 1979;
Rennke et al., 1979; Bohrer et al., 1979). The filtration slit diaphragm forms
a final mechanical barrier for macromolecules (Langer et al., 1973; Rodewald
& Karnovsky, 1974). The epithelium is able to remove by endocytosis macromolecules, which penetrate to the subepithelial side of the basement membrane.
This uptake is greater with rising isoelectric point of the proteins, as was
found with native and modified ferritins (Rennke & Venkatachalam, 1977). In
normal -in f-cco conditions, the main restriction to passage of macromolecules
appears, however, to reside in the glomerular basement membrane, the only continuous structure of the capillary wall (Ryan & Karnovsky, 1976; Laliberté
et al., 1978; Farquhar, 1978).
The glomerular basement membrane contributes to a large extent to the
solidity of the capillary wall (Krakower et al., 1978). It maintains the spatial structure of the glomerulus, when cellular elements are removed by
solubilization with detergents (Carlson et al., 1978). After freeze-thaw injury of rat kidney the residual basement membrane maintains the spatial relations of injured glomeruli and serves as a scaffold that determines the
positioning of new cells (Thorning & Vracko, 1977).
A not yet satisfactorily answered question concerns the origin of the
glomerular basement membrane. Data from morphological (Walker, 1973),
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immunological (Andres et al., 1962; Pierce & Nakane, 1967) and autoradiographical (Romen et al., 1976) investigations and biochemical studies with
glomerular cell cultures (Scheinman et al., 1978; Killen & Striker, 1978;
Striker et al., 1978; Foidart et al., 1980b) indicate that the visceral epi
thelial cell is active in basement membrane synthesis. In addition, the mesangial cell is able at least ЧЛ vÁJJio to produce collagenous proteins of basement membrane type (Striker et al., 1978; Scheinman et al., 1978; Foidart et
al., 1980b). The glomerular endothelium appears also to be able to synthesize
basement membrane since in early glomerulogenesis two basement membrane layers
are present, one closely to the epithelium, the other near to the endothelium
(Vernier & Birch-Andersen, 1962; Thorning & Vracko, 1977; Reeves et al., 1980;
Friis, 1980). Endothelial cells from sources other than the glomerulus produce basement membrane-like components (Howard et al., 1976; Murphy, 1976;
Jaffe et al., 1976). Whether in mature glomeruli the endothelium contributes
to the formation and turnover of basement membrane material is, however, still
hypothetical (Pierce et al., 1963; Walker, 1973).
Various methods have been developed to obtain glomeruli for sequential
isolation of their basement membrane. Minced cortical tissue is generally
crushed by pressing it through a stainless steel sieve. The size of the sieve
openings is selected, depending on the diameter of the glomeruli of the animal
species in the experiment, this size being of the same magnitude as or greater than the diameter of the glomeruli, to leave glomeruli as intact as possible, while Bowman's capsules will be released. To isolate glomeruli from
the homogenate, repeated low-speed centrifugation and washing appeared to be
an appropriate tool for canine tissue (Krakower & Greenspon, 1951), but graded sieving has shown to be a more satisfactory and faster procedure for many
mammalian species (Spiro, 1967a; Misra, 1972; Sachot et al., 1975; Holdsworth
et al., 1978). Differential centrifugation in sucrose or Ficoll solutions are
suitable for isolation of small quantities of glomeruli, which can be used
for in

νΑΧΊο

experiments (Richterich 4 Franz, 1960; Grant et al., 1975; Nör-

gaard, 1976; Ligler et al., 1977; Portis et al., 1979). Rabbit renal glomeruli
of which purification is difficult with these techniques can be isolated by
a procedure, which involves perfusion of kidneys with particulate iron oxide
followed by separation of the glomeruli with the aid of a magnet (Cook &
Pickering, 1958; Meezan et al., 1973). A large scale method for bovine glomeruli has been described, in which the graded sieving procedure is involved
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(Freytag et al., 1978).
The chemical composition of glomerular basement membrane has extensively
been studied for a number of mammalian species. Such studies were carried out
with the following species: man (Westberg & Michael, 1970; Mahieu & Winand,
1970; Beisswenger & Spiro, 1970; Marquardt et al., 1973; Sato et al., 1975a;
Canivet et al., 1979), cattle (Spiro, 1967a; Cruz et al., 1974; Langeveld et
al., 1978; Stuffers et al·., 1980), mouse (Blue & Lange, 1976) rat (Misra,
1971; Kalant et al., 1977; Krisko et al., 1977; Hoyer & Spiro, 1978; Carlson
et al., 1978), dog (Kefalides & Winzler, 1966; Nicholes et al., 1973), rabbit
(Sachot et al., 1975; Ligler et al., 1977), and sheep (Kefalides, 1970). Experiments in which comparisons were made between different species lack a statistical approach (Kefalides, 1970; Sachot et al., 1975). Only experiments of
Ligler et al. (1977), Langeveld et al. (1978) and Carlson et al. (1978) were
carried out with basement membrane material prepared with a detergent procedure. These preparations show higher contents of hydroxyproline, hydroxylysine and glucose than preparations from similar animal species isolated
after sonication, which must be ascribed to less contamination of cellular
proteins in the former preparations.
With different fluorescent labels for various anti-basement membrane antibodies, it was shown, that there are at least four antigenic zones in the
basement membrane of the human glomerulus (Fish et al., 1979; Scheinman et
al., 1980): an inner and outer layer, sharing antigenic determinants with
laminin, a central layer containing antigenic determinants equivalent to
Goodpasture's antigens, and one (or two) zone(s) reacting with rabbit antihuman glomerular basement membrane antibodies in a locus distinct from that
occupied by laminin. Components reactive with anti-laminin and anti-human
glomerular basement membrane antibodies occur also in the mesangial matrix,
as does fibronectin (Petterson & Colvin, 1978; Weiss et al., 1979; Oberley et
al., 1979; Scheinman et al., 1980; Courtoy et al., 1980). The distribution of
fibronectin in glomerular (and tubular) basement membrane is controversial,
but it may be present in the subendothelial space (Petterson & Colvin, 1978;
Scheinman et al., 1980; Courtoy et al., 1980). Antibodies against type IV
collagen react with glomerular basement membrane in a distinct linear fashion
(Wick et al., 1979).
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1.6.

Electron micrograph of a part of a proximal tubule from a mouse
kidney. At the luminal side (L) of the epithelium the tubule is
collapsed, at the interstitial side (I) a continuous basement membrane (be
tween arrow heads) lines the tubular epithelium. X 6150.(From the Department
of Cytology and Histology, University of Nijmegen; with courtesy).

1.2.2. Tubular basement membrane
The tubular part of the nephron and the collecting duct are surrounded by
a continuous sheet of basement membrane material, which has a thickness of
120-300 nm (Carlson et al., 1978; Vracko, 1978). Tubular basement membranes
normally show two layers, a thin electron-lucent layer or lamina rara externa
at the epithelial side and more outward a moderately electron-dense layer or
lamina densa (Fig. 1.6). At many sites, interstitial collagen fibres attach
to this membrane (Farquhar, 1978). The binding between the basal plasma mem
brane of the epithelial cell and the basement membrane is weak, as tubules
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isolated after exposing cortex tissue to mechanical forces often show cell-free
appearance (Ferwerda et al., 1974).
The mean function of the tubular basement membrane through all parts of
the nephron is providing strong and elastic mechanical support to the epithe
lium (Welling & Welling, 1978). When stripped of cells, its hydraulic conduc
tivity is about as high as that of the peritubular and glomerular capillaries
(Welling et al., 1972). In such conditions, the tubular basement membrane is
quite permeable to serum proteins and has a small apparent reflection coef
ficient for serum albumin 4.П V-CtKO (Welling & Welling, 1978).
The site of synthesis of the tubular basement membrane is probably the
epithelium, as is suggested by cross-reactivity of this membrane with epitheliumspecific lens capsule antigens (Pierce & Nakane, 1967) and by -οι v-L&w bio
chemical studies with renal tubules (Foidart et al., 1975). Some morphologists,
however, believe that the interstitial fibroblasts mainly contribute to tubular
basement membrane formation (Vernier & Birch-Andersen, 1963; Romen & MäderKruse, 1978). This latter possibility cannot be ruled out with certainty, since
a well characterized fibroblastic cell from embryonic lung was shown to produce type IV procollagen in culture (Alitalo, 1980).
Preparation procedures for renal tubules to be used for isolation of
tubular basement membranes, start usually with homogenization (Sato et al.,
1975a; Butkowski et al., 1979) or with mashing through a coarse sieve of minced
renal tissue with pore sizes anyhow greater than the glomerular diameter
(Mahieu & Winand, 1970; Ferwerda et al., 1974). The resulting suspension is
poured over a series of sieves of varying pore size in tandem, the finest lowermost. Glomeruli are retained on some coarse sieve(s), while tubular fragments can be generally found on any sieve. If renal tissue is crushed too fine,
glomerular fragments will be disrupted and appear on the sieves containing the
tubular fractions. Kidneys perfused with iron oxide can also be used to isolate
tubules. While the glomeruli are removed with an iron magnet, the tubules remain in the suspension (Cook & Pickering, 1958; Carlson et al., 1978).
The chemical composition of tubular basement membranes has been determined in preparations from kidneys of man (Mahieu & Winand, 1970; Sato et al.,
1975a), cattle (Ferwerda et al., 1974; Langeveld et al., 1978), rabbit (Meezan
et al., 1975; Ligler et al., 1977; Carlson et al., 1978; Butkowski et al.,
1979) and pig (Munakata et al., 1978). Sato et al. (1975a) used renal medulla,
Munakata et al. (1978) whole kidneys. In all other investigations mentioned
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renal cortex was used. In some of these investigations (Meezan et al., 1975;
Ligler et al., 1977; Carlson et al., 1978; Langeveld et al., 1978) a detergent
treatment was used to isolate the basement membranes, in the other sonication.
The tubular basement membrane preparations isolated after treatment of tubules
with sodium deoxycholate (Carlson et al., 1978) have notably high contents of
hydroxylysine and hydroxyproline compared with sonicated preparations (Butkowski
et al., 1979) although age factors may have contributed to these differences.
With Polyacrylamide gel electrophoresis techniques, subunit composition of
tubular basement membranes appears to be as complex as that of glomerular basement membranes (Ferwerda et al., 1974; Sato et al., 1975a; Butkowski et al.,
1979).
With immunohistological techniques it has been evaluated, that tubular
basement membranes are reactive with antibodies against type IV collagen and
laminin from mouse EHS sarcoma (Wick et al., 1979; Scheinman et al., 1980;
Foidart et al., 1980a). In the study of Fish et al. (1979) anti-human glomerular basement membrane antibodies from rabbit react in a double linear fashion
with tubular and Bowman's capsule basement membrane of various species, except
of rabbit. Goodpasture antibody reacts in a single linear fashion with all the
tubular basement membranes of cattle, rabbit and goat, but with only a minority of the tubular basement membranes in man, monkey and sheep. With a hemagglutination assay and by indirect immunofluorescence Cattran (1980) demonstrated that tubular and glomerular basement membranes have specific antigen(s)
that do not cross-react with each other. Graindorge and Mahieu (1978) showed,
that human tubular basement membranes contain a non-collagenous component,
that has antigenic activity not shared with the glomerular basement membrane.

1.3. AGE-RELATED CHANGES IN THE KIDNEY

1.3.1. Development, maturation and aging
Nephrons develop from the nephrogenic blastem (metanephros) under the inductive activity of terminal ampullae of the branching ureteric bud, which is
an outgrowth of the archinephric (mesonephric) duct. Collecting ducts and the
other parts of the collecting system all originate from the ureteric bud. With
man, metanephric nephron development starts at about the seventh week of fetal
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life and is usually finished at 36 weeks of gestation (Potter, 1972). Nephrogenesis goes on in rat, dog and pig up to 3 weeks after birth (Solomon, 1977;
Hay & Evan, 1979; Friis, 1980). At the end of this process, the human kidney
contains about 1.5 χ 10

nephrons per kidney (Dunnill & Halley, 1973; McLachlan

et al., 1976), that of rat, rabbit, dog, pig and cattle about 0.3, 2.1, 4.1,
11.9 and 40 χ 10

nephrons per kidney, respectively, these numbers being pro

portional to adult kidney weight (Rytand, 1938).
Maturation implicates a more functional definition (Moffat, 1975). It
covers the period of life, in which functions like glomerular filtration rate,
tubular reabsorption processes and enzymic activities have not reached adult
levels. Notwithstanding the fact, that the glomerular filtration rate in the
infant is low compared to children and adults, it is high compared to various
functional capacities of the tubule. This situation is indicated as glomerulotubular imbalance and for man it goes on up to one year of life (Edelman, 1970;
Edelman & Spitzer, 1969). The infant's kidney is, however, sufficiently mature
in the sense to regulate functional adjustments under non-stress conditions
(Edelman & Spitzer, 1969; Arant, 1978). This appears also to be the case with
neonates in other mammalian species (Horster, 1978). Juxtamedullary nephrons
in mammals are mature at an earlier stage than superficial nephrons (Fetterman
et al., 1965; Rouffignac & Monnens, 1976; Hay & Evan, 1979).
Aging implies degenerative changes in kidney physiology and morphology.
Human kidney aging starts anatomically during the third decade as a decline
in renal mass and nephron number (Dunnill & Halley, 1973) and becomes physiol
ogically apparent during the fourth decade (Rowe et al., 1976; McLachlan, 1978;
Epstein, 1979). The number of glomeruli in rats decreases from the age of 300
days onwards (Arataki, 1929).

1.3.2. Glomerular filtration processes
The ri-e in glomerular filtration rate, which occurs during maturation
and growth (Rubin et al., 1949; Hook & Bailey, 1979) is mainly due to a rise
of the capillary blood flow, but also changes in glomerular filtration surface
area and transcapillary hydraulic pressure difference are important (Tucker &
Blantz, 1977; Knutson et al., 1978; Ichikawa et al., 1979). Whether the hy
draulic permeability of the capillary wall changes over these periods remains,
however, to be elucidated. The hydraulic pressure in the proximal tubule in
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the young rat is slightly higher than in the adult rat (Tucker & Blantz, 1977;
Ichikawa et al., 1979). The outer diameter of proximal convoluted tubules
from the outermost part of rabbit cortex increases more in response to pressure changes in the neonatal period (2-6 days old) than in later periods
(10-38 days old) (Horster & Larsson, 1976). The rigidity of the tubular basement membrane may contribute to the intraluminal pressure in the tubule and
thus to the transcapillary hydraulic pressure difference in the glomerulus.
Changes in chemical compositon and structure of glomerular and tubular basement membranes may have consequences for glomerular filtration rate.
Size- and charge-selective properties of the glomerular basement membrane
may change during life. Arturson et al. (1971) established, that in man the
clearance of neutral dextrans of various molecular sizes increases with age
and is extended to higher molecular weight classes during the first 3 years
of life. These age-related changes were explained by an increase of the pore
radii of the glomerular membrane. In normal human individuals age-dependent
changes in protein leakage are difficult to evaluate due to the high reabsorptive capacity of the tubular epithelium for peptides and proteins (Karlsson,
1979; Carone et al., 1979; Maack et al., 1979). With rodents like hamster
(McNelly & Dittmer, 1976) and rat (Couser & Stilmant, 1975; Bolton et al.,
1976; Neuhaus & Flory, 1978) proteinuria increases with age and is a consequence of increasing glomerular permeability rather than tubular damage
(Bolton et al., 1976). Proteinuria of the hamster appears to be positively
correlated to the thickness of glomerular basement membrane (McNelly & Dittmer,
1976).

1.3.3. Morphological changes in renal basement membranes
During development of nephrons basement membrane-like material appears
initially as two layers in an extracellular mesenchymal matrix, one closely
applied to the visceral epithelium, the other near to the endothelium. These
two layers fuse in a subsequent phase of differentiation and become progressively thicker and more electron-dense (Vernier & Birch-Andersen, 1962;
Thorning & Vracko, 1977; Reeves et al., 1980; Friis, 1980). The three-layered
structure of glomerular basement membranes presents itself somewhat later at
the same time, when open endothelial fenestrae and epithelial slits appear,
and assumes its mature dimensions (Reeves et al., 1980). At this stage the
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markedly limited penetration of native and neutral ferritin suggests that the
barrier properties of the glomerular basement membrane - both its size- and
charge-selective properties - become increasingly functional and restrictive
to proteins (Reeves et al., 1980).
Glomerular basement membrane thickens during the first three years of
life, reaching at that time the adult width of about 280 nm (Vernier & BirchAndersen, 1962; Vernier, 1961). A diffuse thickening of glomerular basement
membrane occurs during growth in the rat (Yagihashi & Kaseda, 1978; Yagihashi,
1978) and with aging in the hamster (McNelly & Dittmer, 1976). The human tubular basement membrane thickens with aging (Vracko, 1978), but this accumulation
of basement membrane material appears to be a patchy process involving only
small areas of the tubular wall leaving others unaffected (Ddrmad> et al.,
1973). Jith rats, the basement membrane of proximal tuDules thickens markedly
between 6 weeks and 24 months (Rosenquist & ßernick, 1971) and with rabbits
between the first and fifth week after birtn (Larsson & riorster, 1976).

1.3.4. Composition of basement membranes
Age-dependent changes in chemical composition were noted in bovine lens
capsules (Fukushi & Spiro, 1969), human Descemet's membrane (Freeman et al.,
1980), and renal basement membranes of rat (Lui & Kalant, 1974; Kalant et al.,
1977; Hoyer & Spiro, 1978), cattle (Cruz et al., 1974; Langeveld et al., 1978),
mouse (Blue & Lange, 1976) and man (Smalley, 1980a). Although results cf these
studies were variable, which may depend on the species and purity of preparations, some changes are consistent. The relative contents of the hydroxyproline
isomers and of hydroxylysine, glucose and galactose increase with maturation
and growth. In addition, investigations on renal cortex of man, cattle, rat and
hamster (Deyl et al., 1978) showed increasing contents of 3- and 4-hydroxyproline with age, which may be explained by accumulation of basement membrane
collagen. Smalley (1980a)recently reported a decline of the content of hydroxylysine, but not of the hydroxylated proline isomers in human glomerular basement membrane with aging.
Some histological evidence has been given for a decrease in contei t of
sulfated acid mucopolysaccharides and sialomucins, while neutral mucosubstances
and collagenous material increase with age in the renal basement membranes of
the rat (Rosenquist & ßernick, 1971). Immunological investigations on the com-
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position of glomerular basement membranes show a change in antigen composition
between neonates and children older than about 3 years of age (Anand et al.,
1978; Lubec & Coradello, 1979). In addition antibodies prepared against adult
canine basement membranes did not react with the immature glomeruli of puppies
(Steblay, 1963).
The change in content of hydroxylysine with age may have strong impact on
the structural organization of basement membranes at different stages of life
for the reason that they take part in cross-link formation. Little is known,
however, about the biological role of these cross-links and also about the
function of the glycosylgroups linked to hydroxylysine (Viidik, 1979). With
maturation and aging of connective tissues variations in the concentration of
stable and labile reducible (hydroxy)lysine-derived cross-links occur partly
as a consequence of change in distribution of collagen types (Robins et al.,
1973; Bailey & Sims, 1976). It is suggested that the reducible cross-links are
long-lived intermediates which react further to non-reducible cross-links
¿П VÌVO (Shiozawa et al., 1979; Eyre, 1980).

1.4. ALTERATIONS IN RENAL BASEMENT MEMBRANES WITH DISEASE

Alterations in renal basement membranes may be caused by immunologic injury, direct toxic injury, congenital and hereditary biochemical defects and
by other unknown mechanisms (Glassock, 1978). A number of diseases, that lead
to such alterations are summarized in Table 1.3.
Based on results from experimental models with rats, like puromycin aminonucleoside nephrosis and proteinuria induced by strong cations a mechanism has
been proposed for the development of proteinuria, which may also apply to the
minimal change nephrotic syndrome in man and the experimental model of nephrotoxic serum nephritis in rat (Gang et al., 1970; Blau & Haas, 1973; Hoyer et
al., 1976; Seiler et al., 1977; Brenner et al., 1978). Highly cationic metabolites could trigger the process. Changes in glomerular function start with a
loss of polyanions (sialoproteins appear to be involved) from the glomerular
capillary wall, accompanied by fusion of epithelial foot-processes and proteinuria (albuminuria) of anionic type proteins.
Immunologic injury can be distinguished in three types of mechanisms.
The first leads to most (70-80%) forms of glomerulonephritis (Wilson, 1977).
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TABLE

1 .3

DISEASES WHICH ARE ASSOCIATED WITH PATHOLOGY IN RENAL BASEMENT MEMBRANES

Kind of injury

Examples

Toxic injury

experimental models like:
amino nucleoside nephrosis
polycation-induced proteinuria

Immunologic injury

deposition of circulating immune complexes
•in i-Ltu formation of immune complexes at
fixed or trapped antigens
deposition of antibodies against antigens
of the basement membrane itself

Congenital and
hereditary defects

syndrome of Alport
congenital nephrotic syndrome
polycystic renal disease
nephronophtysis
nail-patella syndrome
syndrome of Zellweger

Other mechanisms

diabetes mellitus
dense deposit disease

In these forms antibodies react with circulating nonglomerular antigens to form
circulating immune complexes, that deposit in the glomerular capillary wall.
The localization of the immune complexes in the glomerulus is described as
subepithelial, subendothelial or mesangial. With immunofluorescence microscopy
the complexes present themselves as irregular granular deposits. Recent studies
provide strong evidence for a second mechanism of granular immune deposit formation in glomeruli that is, the reaction of free circulating antibody with
antigens trapped or fixed in the glomerulus resulting in -¿n i-itu.

deposit for-

mation (Van Damme et al., 1978; Couser & Salant, 1980). In the third type of
immunological injury antibodies react with antigens of glomerular and often also
of tubular basement membranes (McCluskey & Colvin, 1978; Briggs et al., 1979;
Senekijan et al.,1980; Wilson, 1980). Anti-glomerular basement membrane glomerulonephritis has been estimated to account for approximately 5% of immunologic
renal disease in
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North America. When pulmonary hemorrhage and hemoptysis also occur, the disease
is often classified as Goodpasture's syndrome. About two third of the patients
with anti-glomerular basement membrane glomerulonephritis present with Goodpasture's syndrome (Wilson & Dixon, 1973; Briggs et al., 1979). Anti-tubular
basement membrane antibodies have been identified in human tubulointerstitial
nephritis (McCluskey & Colvin, 1978). Such antibodies are commonly associated
with anti-glomerular basement membrane antibodies (Wilson & Dixon, 1979).
Congenital and hereditary biochemical defects in renal basement membranes
may be present in a number of diseases, in which the kidneys are involved.
Renal cysts or dilatations of the tubular lumen or renal corpuscle occur in
polycystic renal disease, congenital nephrotic syndrome of Finnish type, medullary cystic disorder (including juvenile nephronophtysis) and Zellweger syndrome. Except cyst formation, these diseases share, however, nothing in common.
With polycystic renal disease of adult type, cyst formation may be due to decreased resistance of the basement membranes, surrounding the epithelium, to
intraluminal pressures (Carone et al., 1974; Cuppage et al., 1980). This defect
may be primarily due to an inborn error of metabolism or secondarily to the
action of a chemical substance

elaborated elsewhere (Carone et al., 1974).

Evan et al. (1980) suggested, that partial tubular obstruction due to polyploid
hyperplasia participates in cyst formation. Since basement membranes have a
supportive function, it remains a real question whether in these cystic renal
diseases defects exist in their structure.
While cysts are associated with congenital nephrotic syndrome of the
Finnish type (Hallman et al., 1970), massive and selective glomerular proteinuria is the most essential feature of this disease (Huttunen et al., 1980).
Therefore, it is probable that the organization of the glomerular wall, in
particular the glomerular basement membrane may be affected. Studies of the
chemical composition of isolated glomerular basement membranes have delivered
divergent results in two different types of congenital nephrotic syndromes
(Mahieu et al., 1976; Tryggvason, 1977).
The nail-patella syndrome is an autosomal dominant disease with apparently high penetrance (Suki & Caskey, 1977). Kidneys are involved in some 40% of
the patients. Electron microscopic examination has revealed the presence of a
characteristic lesion consisting of irregular areas of rarefaction, and collagenlike fibrils in glomerular basement membranes (Pozo & Lapp, 1970; Hoyer et al.,
1972; Gubler et al., 1980). Defects in the biochemistry of connective tissue
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are suggested in this pathological entity (Vernier et al., 1974; Suki &
Caskey, 1979).
In Alport's syndrome kidney function is affected with symptoms as
haematuria, proteinuria and usually progressive renal failure in males (Suki
& Caskey, 1979). Electron microscopy reveals, that the glomerular basement
membrane and also the basement membranes of tubules and Bowman's capsule present focal thickening, thinning and splitting. In addition, electron-dense
particles lying in clear areas are also usually seen (Hill et al., 1974;
Rumpelt, 1980). Most evidence is in support of an autosomal dominant inheritance, but genetic heterogeneity may exist. Anti-glomerular basement membrane
antibodies from patients with Goodpasture's syndrome did not bind to glomerular basement membranes of patients with Alport's syndrome, while rabbit antihuman glomerular basement membrane sera did (McCoy et al., 1976; Olson et al.,
1980). A lack of normal adult glomerular basement membrane antigen(s) or the
persistence of neonatal glomerular basement membrane antigen(s) has been
suggested in this condition (Olson et al., 1980). Urinanalysis showed enhanced
concentrations of collagen derived metabolites in patients and their sublings
(Tina et al., 1979). Together with the fact, that also basement membranes at
other sites of the body appear affected, a fundamental defect in basement membrane biochemistry is supposed (Spear, 1973).
Diabetes mellitus (Vracko, 1978; Osterby & Gunderson, 1979) and diabetes
in rats either experimentally induced (Rasch, 1979) or spontaneous (Yagahashi
et al., 1978) are associated with thickening of basement membranes.
In literature, no uniform conclusion can be drawn on a specific change in
chemical composition of diabetic glomerular basement membrane of man (Beisswenger & Spiro, 1970; Kefalides, 1974; Sato et al., 1975b; Westberg, 1976;
Canivet et al., 1979). It has been proposed, that an accelerated rate of
glomerular basement membrane synthesis as a consequence of hyperglycemia is
the cause of the accumulation of basement membrane material (Fox et al., 1977;
Brownlee & Spiro, 1979) but also non-enzymatic glycosylation of glomerular
basement membrane may be involved (Cohen et al., 1980).
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1.5.

AIM OF THE PRESENT STUDY

The first step in the elucidation of the molecular structure of basement membranes is to isolate them in a form as representative as possible compared to thei
native form. The next step consists of the characterization of their overall
chemical composition. When these operations are performed a number of strategies are practicable e.g.

solubilization by physical or enzymatic means,

fractionation and quantification of subunits, characterization of antigenic
determinants, estimation of the primary structure of subunits etc.. Furthermore, it will be possible to make comparisons between species and tissues, and
between normal and pathological conditions.
The choice of the subject of the present study was strongly stimulated
by the fact, that in a number of congenital and hereditary diseases in men
kidney function is basically disturbed and that a defect in the structural
organization of the glomerular or tubular basement membrane may be responsible
for these disturbances. The start of this investigation was, however, hampered
principally by lack of techniques, and also of human renal material. At that
moment no comparison was available about the composition of glomerular and
tubular basement membrane - with their different origin and function - after
isolation from the same kidney.
In chapter 2 a description will be given of the generally used materials
and methods. The procedures for isolation of glomeruli and tubules from the
various species and age groups investigated will be detailed in the separate
chapters. Chapter 3 is divided into three parts. Firstly, procedures are described for isolation of glomeruli and tubules from bovine renal cortex. Secondly, two isolation methods for basement membranes

are compared,sonication in

1 M NaCl and treatment with detergent. Resulting preparations were characterized with the same morphological and analytical techniques, a point that is
lacking in literature. Finally, the composition of basement membranes from
both glomeruli and tubules were compared for cattle of different ages, ranging
from the fetal age of 5 months to adulthood.
Glomerular and tubular basement membranes were isolated from the same
renal cortex tissue of men varying in age from prematurity up to 80 years to
evaluate variations in chemical composition in relation with age and type of
membrane (Chapter 4 ) . Both types of membranes were analysed after isolation
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from kidneys of four different patients suffering from Zellweger syndrome,
congenital nephrotic syndrome, polycystic renal disease, or diabetes mellitus,
respectively (Chapter 5 ) . The isolation techniques for glomeruli and tubules
were adapted for adult individuals of five other mammalian species. The chemical composition of their basement membranes was compared (Chapter 6 ) .
The methods elaborated and preparations obtained during the course of this
study can be used in future for further chemical characterization and for
sequential steps in renal basement membrane research, like subunit analysis
and immunology. In addition, it seems possible to isolate these membranes from
surgical biopts in quantities sufficient for chemical analysis.

if
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2

MATERIALS AND METHODS

2.1. MATERIALS

2. · . 1 . Chemicals
Special reagents used in this study are listed together with the suppliers:
Deoxyribonuclease I grade II (EC 3.1.4.5), 8-galactose dehydrogenase (EC
1.1.1.48), chemicals for enzymatic glucose assays and nicotinamide
adenine dinucleotide (oxidized form): Boehringer, Mannheim, F.R.G.
Pyridine "for silylation": Macherey, Nagel & Co, Düren, F.R.G.
Potassium borohydride p.a., sodium deoxycholate, N-acetylneuraminic acid for
biochemical purposes, hydrochloric acid Supra pur; D(+)glucose,
D(+)galactose, D(+)mannose and L(-)fucose, for biochemical purposes:
Merck, Darmstadt, F.R.G.
Acetic anhydride p.a.: BDH, Poole, England. Before use it was destilled.
L-Norleucine and DL-5-hydroxylysine-hydrochloride: Koch-Light, Cohn Brook,
Bucks, England.
L-Proline and 4-hydroxy-L-proline: Sigma, St.Louis, U.S.A.
3-Hydroxyproline was generously afforded by dr. A.Szymanowicz, Laboratory of
Biochemistry, Faculty of Medicine, Rheims, France.
D(-)Arabinose and D(+)xylose, gaschromatographically pure: Mann Research Labs.,
New York, U.S.A.
D(-) glucosamin-hydrochlorid: Fluka, Buchs, Switzerland.
Desoxyribonucleic acid from sperm: Nutritional Biochemicals Corporation,
Cleveland, U.S.A.; DNA content in this preparation was determined according to Spirin (1958).

2.1.2. Sieves
Stainless steel sieves (diameter 20 cm, height 5 cm) were purchased from
Metaalgaas Twente, Hengelo, The Netherlands. Pore size and mesh size of
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TABLE

2. 1

PORE SIZE AND MESH NUMBER OF STAINLESS STEEL SIEVES

Pore size

Mesh number

Pore size

Mesh number

850

20

106

300

50

90

170

250

60

63

230

1A0

180

80

45

325

125

120

38

400

Pore size in pm, mesh number according to ASTM E 11:70.

sieves used are given in Table 2.1. Nylon gauze with 25 )jm sieve openings
was purchased from Saati, Appiano Gentile, Italy. Directly after use each
sieve was cleaned or kept in water. If necessary remaining tissue fragments
could be solubilized by boiling the sieves in a solution with liquid dish
washer soap for 30 min.

2.2. METHODS

2.2.1. Preparation of basement membranes
For the isolation of basement membranes a modification of the procedure
of Meezan et al. (1975) was used. All centrifugations were carried out at
20,000 χ g for 10 min and pellets were carefully resuspended. With every 2
ml (pellet volume) of glomeruli or tubules the following steps were carried
0

out. The material was lysed at 0 C for 2.5 h in 200 ml of a solution con
taining 1%<, sodium azide and 1 mM EDTA. The suspension was centrifuged and
the sediment incubated at 4

С for 30 min in 40 ml solution containing 1 M

NaCl, 1%. sodium azide and 1 mM EDTA. The material was centrifuged and the
sediment incubated in 40 ml sodium deoxycholate (1%.sodium azide) for 5 h
at room temperature. Afterwards, the material was thrice washed with dis
tilled water and finally incubated in 40 ml of deoxyribonuclease solution
(50 Kunitz units per ml water) for 1 h at room temperature. After three
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washings with distilled water the basement membrane preparations were lyophilized and dried over phosphorus pentoxide in vacuo in a desiccator.

2.2.2. Storage and weighing of basement membrane preparations
At least sixteen hours before weighing fresh phosphorus pentoxide was
placed in the desiccator. Weighing of basement membrane material for chemical
analyses was carried out within three h after opening of the desiccator. Takeup of water by dried basement membranes varied from 7 to 9 percent of their
weight after 3 h outside of the desiccator.

2.2.3. Carbohydrate analysis
Neutral sugars and hexosamines were released from basement membranes
with 2 M HCl (1 ml/1.5-5 mg basement membrane) for 2.5 h at 100

С in sealed

steam-distilled pyrex tubes. Afterwards, the hydrolysate was directly divided
for the different assays. Glucose was determined with glucose oxidase-per
oxidase method (Werner et al., 1970). Galactose was determined with fjgalactose dehydrogenase (Wallenfels & Kurtz, 1966). Neutralisation with 2
M NaOH or evaporation of the hydrolysate delivered comparable values for
either glucose or galactose content of basement membrane preparations in
these enzymatic assays. For total hexosamine determination, part of the hydro
lysate was evaporated to dryness, taken up in a small volume of water and
dried over potassium hydroxide pellets at 60

С for 24 h. The sample was sub

sequently dissolved in 0.01 M NaOH. Hexosamine content was determined with
the Morgan-Elson assay (Lewy & McAllen, 1959) within 5 days after hydrolysis.
For gas chromatographic analysis of neutral sugars, another part of the
hydrolysate was reduced in volume by evaporation at 35

С and reduced pres

sure to remove acid. This was repeated after addition of water several times
until acid smell had disappeared. Arabinose and xylose (100 nmol per mg base
ment membrane) were subsequently added as internal standards. Sugars were
reduced with potassium borohydride at pH 8-9 at 4

С for at least 3.5 h.

After acidification with acetic acid, Dowex -50 W (H

form) and evaporation

with methanol were used to remove potassium and borate ions, respectively.
The alditols were acetylated at 100

С for 30 min in acetic anhydrid/

pyridine (1/1, v/v) mixture. After evaporation, the preparation was dissolved
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in chloroform, washed three times with an equal volume of water and dried over
phosphorus pentoxide. Analysis was carried out in a Packard 428 gas Chromato
0

graph at 193 C with a 3% ECNSS-M column (Sawardekar et al., 1965). Л И
organic solvents used in this procedure were freshly distilled.
Neuraminic acids were released from basement membrane by hydrolysis
in 0.05 M sulphuric acid (1 ml/0.4 mg basement membrane) at 80

С for 1 h.

Content of neuraminic acids was determined with a fluorimetrie procedure
according to Hammond & Papermaster (1976) using N-acetylneuraminic acid as
a standard.

2.2.4. Amino acid analysis
Amino acids were released from basement membrane with 6 M HCl (1 ml/1-5
mg basement membrane) in the presence of 0.05% phenol at I 10
vacuo.

С for 24 h -in

Norleucine (0.50 ymol per mg basement membrane) was added before hydro

lysis as an internal standard. Analyses were performed with a Rank Hilger
Chromaspek amino acid analyser. 3-Hydroxyprolinp, 4-hydroxyproline and pro
line content were separately determined on a Eickman Multichrom В amino acid
analyser with Durrum DC: A resin using the p" ogram of Guire et al. (1974)
and calculated with the use of a standard solution.

2.2.5. DNA analysis
DNA was determined according to С Lies and Myers (1965) but with reduced
temperature (13

C) and increased reaction time (48 h) in order to diminish

interference of sialic acid (Croft & Lubran, 1965).

2.2.6. Phosphorus analysis
Analysis of lipid or total phosphorus content was carried out according
to the method of Bartlett (1959) after destruction with 11.5 M perchloric
acid. Lipid phosphorus was determined after extraction of about 2 mg base
ment membrane with 5 ml chloroform-methanol (2:1, v/v) .

2.2.7. Light and electron microscopy
For light microscopy suspensions of sieved tissue fragments or base
ment membranes were dried on an objective giass plate at 37

C, dehydrated
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in alcohol and stained with haematoxylin-eosin. The purity of glomerular and
tubular fractions was visually determined by counting 300 particles with an
ocular grid at 50-fold magnification. Samples for electron microscopy were
fixed in 2.5% glutaraldehyde in sodium-cacodylate buffer (pH 7.4) for 2.5 h,
postfixed in 1% osmium tetroxide in Palade buffer and embedded in Epon 812.
Ultrathin sections were stained with uranyl acetate and lead citrate and
observed with a Siemens Elmiskop 101.
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CHAPTER

3

CHEMICAL CHARACTERIZATION OF GLOMERULAR AND TUBULAR BASEMENT MEMBRANES OF
CATTLE OF DIFFERENT AGES

3.1. INTRODUCTION

The basement membranes of the nephron have clearly more than one function. The glomerular basement membrane has a role in the ultrafiltration of
plasma. This process is determined by the size and charge of the structural
pores in the glomerular basement membrane, by the effective radii of the
macromolecules and their charge and by haemodynamic factors (Ryan & Karnovsky,
1976; Rennke & Venkatachalam, 1977; Brenner et al., 1977). The tubular basement membrane provides mechanical support to the tubular cells (Welling &
Welling, 1978).
The glomerular basement membrane seems to thicken during life (Bloom et
al., 1959; Ashworth et al., 1960; McNelly & Dittmer, 1976). In contrast, the
clearance of dextrans of various molecular size increases with age and is
extended to higher molecular weight classes in normal humans (Arturson et al.,
1971). In hamsters the thickness of glomerular basement membrane increases
with aging and is concordant with the amount of protein excreted (McNelly &
Dittmer, 1976). An increased proteinuria is found with aging in rat (Couser
& Stilmant, 1975; Bolton et al., 1976).
Various age-dependent changes have been found in the chemical composition of glomerular basement membrane of rat, mouse and cow during postnatal life (Lui & Kalant, 1974; Cruz et al., 1974; Blue & Lange, 1976; Kalant
et al., 1977; Hoyer & Spiro, 1978). Development, maturation, growth and
aging may influence biosynthesis, degradation and turnover of the macromolecules, which compose these extracellular structures. This study supplements the investigations on the chemical composition of renal basement membranes. Firstly, in addition to young and adult also fetal and neonatal
bovine kidney basement membranes were investigated. Secondly, it was possible
to study both glomerular and tubular basement membranes by developing a
separation method for glomeruli and tubules from the same cortical tissue.
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Further, a comparison is made between the sonication (Spiro, 1967a) and
detergent procedure (Meezan et al., 1975) for the isolation of basement membranes. The latter method appears preferable and has been used for preparing
glomerular and tubular basement membranes from different age groups of animals.

3.2. MATERIALS AND METHODS

3.2.1. Kidneys
Bovine kidneys of fetal (5-7 month gestational age), neonatal (0-3 weeks),
young (18 weeks) and adult (3 years or older) animals were collected at local
slaughterhouses. Gestational age of fetuses was estimated by the criteria of
hair distribution, length and pigmentation (Richter & Götze, 1950). Within
6 h after death the kidneys were frozen at -75

C.

3.2.2. Isolation of glomeruli and tubules
All procedures were carried out at 0-4

C, except where otherwise in-

dicated. During isolation of tubules and glomeruli the tissue was kept in
0.15 M NaCl. Kidneys were weighed after removal of fat and calyces and frozen
at -20

C. A scheme for the isolation procedure of tubules and glomeruli from

bovine kidneys

from different age groups was shown in Fig.3.1.Samples for

light microscopy were taken from all sieves. The tubules were obtained by
forcing the cortex through a 300 um sieve in portions of 40 g. The material
was washed through the sieve with 300 ml 0.15 M NaCl. The filtrate originating from 60 g cortex was passed over a series of sieves with 2 1 0.15 M
NaCl. The pore size of the sieves varied from 180 to 38 pm. The tubules were
obtained on 90, 63 and 45 ym sieves for adult animals, on 63 and 45 vm for
18-week-old animals, on 38 um for young calves and fetuses (Fig. 3.1). The
glomeruli were isolated by a second disruption of the tissue on the finest
of those sieves, which contained intact glomeruli. These sieves were 125,
106 and 90 urn for material from adult, 18 week- and 0-3 week-old animals,
respectively. The resulting filtrate was washed with 10 1 0.15 M NaCl over
two sieves, of which one was coarser than the sieve used for the second disruption and the other the disruption sieve itself. Glomeruli were obtained
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Slices of kidney cortex
forcing

a«

300 p ^

sieving
Crude glomerular preparation
(20 6 0 % )
Fetuses 0 3wk 18wk Adult
(5 7mo)

Pure tubular preparation
(95-100%)
Fetuses 0 3 w k 18wk Adult
(5 7mo)
180'
125 i106190
63
45

38 I·

forcing
sieving
Pure glomerular preparation (90 95%)

180
125

Fig. 3.1.

Schematic representation of the isolation procedure for bovine
kidney tubules and glomeruli from animals of different ages. Sieve
openings are expressed as μπι. Sieves on which pure preparations or tissue
for further treatment are retained, are indicated under the age groups with
vertical dashes.

from the second sieve.

3.2.3. Preparation of basement membranes
Glomeruli and tubules of adult animals were sonicated according to Spiro
(1967a). The Branson Sonifier had a 0.15 inch tip and an effective output of
70 W. Sonication was carried out on crushed ice for 15 s periods with inter
vals of 15 s for a total sonication time of 7 min. When disruption was com
plete as judged by light microscopy, the suspension was washed three times
with 0.15 M NaCl and three times with distilled water by centrifugation at
400 χ g for 15 min.
A modified detergent procedure of Meezan et al. (1975) was carried out
at room temperature. Lysis time in distilled water and incubation time with
DNAase were prolonged to 2.5 h and treatment with 4% sodium deoxycholate to
5 h. The resulting suspension was centrifuged at 20,000 χ g for 10 min.
Washed basement membrane preparations from both isolation procedures
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were lyophilized and dried over P,0

3.2.4. Morphological and chemical investigations
Procedures for light and electron microscopy and for amino acid, carbohydrate, lipid phosphorus and DNA analysis are described in section 2.2.
3-Hydroxyproline was determined by using a molar extinction coefficient similar to that of 4-hydroxyproline.

3.3. RESULTS

3.3.1. Isolation of glomeruli and tubules
Mashing of bovine kidney cortex tissue on a coarse sieve (300 ym pore
size) prevented damage of glomeruli to a large extent. This was essential
to obtain tubular preparations virtually free of glomerular fragments with
the fine sieves. Microscopical purity of the tubular preparations was at
least 91% for those of the fetal group and 95% for those of the three older
groups (Fig. 3.2 b ) . The fractions retained on the somewhat coarser sieves
(Fig. 3.1) could be used for preparation of a rather pure glomerular fraction with a second disruption and sieving procedure. The contaminating tubules were so extensively fragmented that they were almost absent from the
glomerular fraction. Increase in volume of the glomeruli with age (Darmady
et al., 1973) was reflected in the pore size of the sieves necessary for the
isolation. Glomerular preparations showed a purity of at least 90% (Fig.
3.2a). However, it was not possible to isolate a pure fraction of glomeruli
from fetal kidneys, probably due to the small diameter of these organ subfractions. We therefore studied preparations of glomeruli mixed with a low
content of tubules (10-40%) in this age class. Capsules of Bowman were practically absent in the preparations from all age classes.

3.3.2. Comparison of sonication and detergent method for the isolation of
basement membranes
Preparations of glomeruli or tubules from adult animals were treated in
equal portions according to the sonication method or the detergent method,
as described in Materials and Methods. Yields of basement membranes expressed

44

Fig. 3.2.

Light micrographs of a glomerular (a) and a tubular (b) preparation
from the kidneys of a cow of 18 weeks· χ 40

in mg dry weight per 100 g cortex wet weight were, in the case of glomerular
basement membrane, about 20 and 11 and, in the case of tubular basement mem
brane, about 25 and 16 for preparations obtained by sonication and detergent
treatment, respectively.
It appeared necessary to extend the periods of lysis, DNAase and detergent
treatment to eliminate cellular (haematoxylin

positive) material. Under the

conditions used no protease activity could be found using azoalbumin

as a

substrate. Just before lyophilization, light microscopy of glomerular basement
membrane preparations obtained by sonication showed the presence of some undisrupted glomeruli which stained positively with haematoxylin.

In the glomeru

lar basement membranes obtained by detergent treatment and in all tubular base
ment membrane preparations no haematoxylin

positive material was detected.

Ultrastructurally, sonicated glomerular basement membrane preparations showed
cellular debris and collagen fibres between the basement membranes (Fig. 3.3 a ) .
In the detergent-treated glomerular basement membrane preparations (Fig. 3.3 c)
and all tubular basement membrane preparations (Fig.3.3 b and d) no cellular
debris was noted; however, a few collagen fibres could be detected in the
glomerular basement membrane preparations. Sonicated tubular basement membranes
showed a more or less frayed appearance, while the detergent-treated tubular
basement membranes were very regular.
Preparations of both types of basement membranes obtained with the deter
gent method had a very low lipid phosphorus content in comparison to the pre-
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Fig. 3.3.

Electron micrographs of (a) glomerular and (b) tubular basement
membrane preparations obtained by the sonication method, and of
(c) glomerular and (d) tubular basement membrane preparations obtained by the
detergent method. All specimens were prepared from adult bovine kidneys. In
(a) cellular debris and small fibrils can be detected between the basement
membrane fragments. These contaminants were less visible in the glomerular
basement membrane preparations isolated with the detergent method (c). Both
tubular basement membrane preparations (b and d) show almost no contaminants.
Note the serrations on one side of the tubular basement fragments in b, a,
x 4500; b, χ 5500; c, χ 7500; d, χ 5000.

parations of the sonication procedure (Table 3.1). The DNA content of tubular
basement membrane was much lower in detergent-treated than in sonicated pre
parations, but with glomerular basement membrane no difference was noted.
Total residue weight of amino acids in sonicated and detergent-treated pre
parations was, in the case of glomerular basement membrane, 87.2 and 86.5%
and of tubular basement membrane 86.7 and 93.2% of the dry weight, respectivel
Glomerular and tubular basement membrane preparations isolated with the
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TABLE 3.1.

CHEMICAL CHARACTERISTICS OF BASEMENT MEMBRANE PREPARATIONS FROM KIDNEYS OF
ADULT CATTLE ISOLATED WITH SONICATION OR DETERGENT METHOD

Compound

Glomerular basement membrane

Tubular basement membrane

Sonication
method
(6)

Sonication
method
(6)

Detergent
method
(10)

3.0

12.6 +

I .2

+

1.8

11.2 +

1.8

4-Hydroxypro1 ine

40.4 + 12.6

59.1 +

8.9

47.4 +

8.9

68.1 +

6.8

Proline

45.0 +

4.9

52.7 +

5.4

42.9 +

8.3

50.2 +

7.4

3-Hydroxyprol ine

Glycine

7.7

Detergent
method
(6)

+

127.5 + 24.6

163.4 + 11.2

44.7 +

3.7

42.9 +

3.4

Hydroxylysine

14.2 +

4.2

19.6 +

1.7

Lysine

22.3 +

5.6

13.7 +

1.0

9.9

+

2.5

14.8 +

1.3

13.6 +

3.8

19.2 +

Lipid-phospho:rus

0.26+

0.12

0.03+

DNA

1.09+

0.64

0.96+

Alanine

Glucose
Galactose

7.3

142.3 + 17.9

179.2 + 10.5

1.8

43.9 +

3.7

16.9 +

3.2

23.3 +

2.1

18.2 +

3.2

14.9 +

2.1

12.5 +

2.1

17.4 +

1.5

1.1

15.8 +

2.8

20.5 +

1.5

0.01

0.21 +

0.11

0.03 +

0.01

0.91

0.15+

0.12

0.04+

0.05

43.5 +

Values of amino acids and carbohydrates (pmol/lOO mg dry weight) and of lipidphosphorus and DNA (mg/100 mg dry weight) are means +_ S.D. The number of preparations analysed is given in parentheses. For lipid-phosphorus and DNA content only 3-5 preparations of each group were analysed. Galactose and glucose
were enzymatically determined.

detergent method showed smaller variations in composition. In detergent-treated
preparations the content of aspartic acid, threonine, valine, leucine (data
not shown) and lysine w a s markedly lower and that of 3- and 4-hydroxyproline,
proline, glycine, hydroxylysine, galactose and glucose higher than in sonicated
preparations, while other amino acids (such as alanine) and other carbohydrates
did not show marked differences between the two methods. The morphological and
chemical data indicate that preparations from the detergent procedure were
purer than those from the sonication method.
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3.3.3. Comparison of basement membrane preparations from animals of different
ages
Isolation of basement membrane preparations of the four age classes with
the detergent method yielded comparable quantities of basement membrane mate
rial: about 10 mg glomerular basement membrane and about 15 mg tubular base
ment membrane per 100 g wet weight of cortex. Electron microscopic examination
indicated that the glomerular basement membrane preparations contained some
fibrillar material between the basement membrane fragments in apparently equal
amounts in the four age groups. This material was absent in the tubular base
ment membrane specimens. The tubular basement membrane showed a marked thick
ening with age. This phenomenon was not observed with glomerular basement
membrane,
Amino acid and carbohydrate composition of glomerular and tubular base
ment membrane preparations were given in Tables 3.2-3.5. Total residue weight
of amino acids and carbohydrates is comparable for both types of basement mem
branes from the different age groups and varied from 85 to 100% of the dry
weight. Chemical analyses of tubular and glomerular basement membrane pre
parations (mainly originating from glomeruli) from fetuses did not show sig
nificant differences in the amino acid and carbohydrate content. Although the
fetal glomerular basement membrane preparations were isolated from glomerular
fractions containing various amounts of contaminating tubules, no clear cor
relation was found between their chemical composition and percentage of tubular
contamination. Therefore, we used the impure glomerular basement membrane
preparations of the fetal group for comparison with glomerular basement mem
brane preparations of the other age groups. Only for the content of some amino
acid and carbohydrate components we found significant differences between the
age groups, as will be described hereafter.
Significance of data between two age classes is determined by a two-sided
Student's t-test. Ρ values less than 0.025 were considered to be significant.
In the case of glomerular basement membrane the content of 3- and 4hydroxyproline, hydroxylysine, total imino acid, galactose and glucose was
higher in the adult than in the 18 week-old animals (Table 3.2 and 3.3). In
addition, the 4-hydroxyproline/4-hydroxyproline + proline ratio and the
hydroxylysine/hydroxylysine + lysine ratio were found to be higher in the
adult animals than in the 18 week-old animals. The 3-hydroxyproline/A-hydroxy-
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proline ratio increased gradually with age. Significant differences between
some succeeding age groups were also present in the relative content of
aspartic acid, alanine, glycine and half-cystine.
For the tubular basement membrane preparations the content of both 3- and
4-hydroxyproline appeared to be significantly higher in the 0-3 weeks-old than
in the fetal animals and in the adult compared to the 18 week-old animals
(Tables 3.4 and 3.5). Aspartic acid, glycine and valine contents were lower in
the 18 week-old than in the 0-3 week-old animals. The ratio of 3-hydroxyprolini
to 4-hydroxyproline increased gradually during the age-period studied. The
hydroxylation grade of proline was markedly higher in the 0-3 week-old than in
the fetal animals and still higher in the 18 week-old animals. Mannose, galactose, glucose, and hexosamine contents were higher in the 0-3 week-old than
in the fetal age group.
The chemical analyses of glomerular and tubular basement membrane preparations from adult cattle showed significant differences only for the glucose
content and the glucose/galactose ratio (P

values < 0.025 and 0.010, respec-

tively) .

3.4. DISCUSSION

Both tubular and glomerular preparations could be obtained with a high
degree of purity from cortex of bovine kidneys by a combination of two separate procedures, one for the isolation of glomeruli (Spiro, 1967a) and another for the isolation of tubules (Ferwerda et al., 1974). The procedure used
also appeared to be applicable to porcine and ovine kidneys (Chapter 6 ) . In
literature, two reports mention the simultaneous isolation of tubules and
glomeruli from kidney cortex with a sieving procedure, one for rat kidneys
(Krisko et al., 1977) and the other for human kidneys (Mahieu & Winand, 1970).
After mashing and sieving of the cortical tissue these investigators obtained
a tubular preparation on a rather coarse sieve (125 Jm pore size) which did
not retain the glomeruli. We were unable to isolate pure tubules from bovine
and human kidneys with the method of Mahieu and Winand (1970). In contrast,
we retained our tubular preparations on sieves with smaller pore size (90 um
and smaller).
The morphological and chemical differences found between the basement
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TABLE

Ln
О

3.2

AMINO ACID COMPOSITION OF GLOMERULAR BASEMENT MEMBRANE PREPARATIONS OF CATTLE OF DIFFERENT AGES
Amino acid

Fetal
(7)

3-Hydroxyproline
4-Hydroxyproline
Aspartic acid
Threonine
Serine
Proline
Glutamic acid
Glycine
Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxylys ine
Lysine
Arginine
Total imino acids
Hyl + Lys

8
69
67
33
43
77
91
239
71
27
36
8
26
53
15
26
20
21
25
44
155
46

З-Нур/4-Нур ratio
4-Hyp/4-Hyp + Pro ratio
Hyl/Hyl + Lys ratio

+ 2
+ 10
+ 7
+ 4
+ 4
+ 10
+ 8
+ 24
+ 2
+ 4
+ 3
+ 2
+ 2
+ 4
+ 3
+ 2
+ 4
+ 3
+ 7
+ 7
+ 20
+ 5

0. 10+ 0. 03
0.47+ 0. 02
0.45+ 0. 08

<0.01
<0.001
<0.01

0-3 weeks
(6)

18 weeks
(3)

11
62
69
39
48
73
102
199
61
34
39

11
63
73
39
47
72
91
212
60
38
37
10
30
59
18
27
26
22
23
45
147
48

9
29

62
18
27
26
21
29
48
144
47

+ 3
+ 11
+ 4
+ 4
+ 4
+ 8
+ 14

+23
+
+
+
+
+
+
+
+

2
4
4
1
2
4
2
2

+
+
+
+

4
4
4
6

+ 14
+ 5

0. 15+ 0.05
0.46+ 0.05
0.42+ 0.06

<0.025

<0.001

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Adult
(6)
2
4
3
2
3
1
3

<0.001
<0.00l
<0.025

6

<0.001

5
1
4
1
1
3
2
2
2
3
1
1

ь

<0.001

<0.01
<0.001
<0.001

4

0. 15+ 0. 03
0.46+ 0. 01
0.48+ 0. 03

<0.001
<0.001

18
82
62
32
46
74
94
225
60
27
33
8
28
60
15
29
26
28
19
42
174
47

+ 3
+ 10
+ 10

+ 6
+ 2
+ 9
+ 8
+ 2
+ 2
+ 4
+ 2
+ 2
+ 2
+ 4
+ 2
+ 2
+ 1
+ 2
+ 2
+ 4
+ 12
+ 3

0. 18+ 0.04
0. 53+ 0.05
0. 59+ 0.02

Values (in residues per 1000 amino acid residues) are means +^ S.D. The number of preparations analysed is given
in parentheses. Statistical significance (P) is indicated for differences between components of two succeeding
age groups. The ratios given are molar ratios.

TABLE

3.3

CARBOHYDRATE COMPOSITION OF GLOMERULAR BASEMENT MEMBRANE PREPARATIONS OF CATTLE OF DIFFERENT AGES

Fetal
(7)
Fucose
Mannose

0-3 weeks
(6)

0.6

+ 0.1

0.7

+ 0.1

18 weeks
(6)
0.9

+ 0.2
+ 0.7

2.5

+ 0.2

3.3

+ 0.5

3.6

Galactose

13.1

+ 2.0

13.4

+ 2.6

15.1

Galactose

12.0

+ 1.8

13.8

+ 2.9

15.6

11.3

+ 2.0

11.0

+ 1.6

10.5

+ 1.6

11 . 8

+ 2.7

3.7

+ 0.8

5.4

+ 0.8

Neuraminic acids

1.2

+ 0.1

2.0

Glc/Gal ratio

0.86

+ 0.11

Glc/Gal ratio

0.87
0.91

Glucose
Glucose
Hexosamines

b

Gal/Hyl ratio

Ρ

Adult
(7)
1.0

+ 0.4

4.1

+ 0.6

< 0 .. 0 0 1

19.2

+ 1.1

+ 1.9

< 0 , .01

18.8

+ 1.1

12.1

+ 1.0

< 0 .. 0 2 5

14.8

+ 1.3

13.1

+ 2.8

15.9

+ 0.9

6.3

+ 0.8

7.0

+ 1 .3

+ 0.6

3.0

+ 1.0

3.1

+ 0.7

0.83

+ 0.06

0.81

+ 0.06

0.78

+ 0.05

+ 0.06

0.86

+ 0.04

0.84

+ 0.09

0.84

+ 0.01

_+ 0 . 1 1

+ 0.09
1 .04 _

0.99

_+ 0 . 0 5

0.98

+ 0.07
_

+

1.7

Values (in Mmol per 100 mg dry weight) are means _+ S.D. The number of preparations analysed is given in
parentheses. Statistical significance (P) is indicated for differences between two succeeding age groups.
Values were obtained by gaschromatography except those indicated with (a) enzymatically or (6) spectrophotometrically. The ratios given are molar ratios.

TABLE

J.Ь

AMINO ACID COMPOSITION OF TUBULAR BASEMENT MEMBRANE PREPARATIONS OF CATTLE OF DIFFERENT AGES
Amino acid

Fetal
(3)

3-Hydroxyproline
4-Hydroxyproline
A s p a r t i c acid
Threonine
Serine
Proline
Glutamic acid
Glycine
Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxylysine
Lysine
Arginine
Total imino acids
Hyl+Lys

7
+ 1
62
+ 4
72
7 2 ++ 8 8
38
+ 3
50
+ 1
74
+ 7
105
+ 15
222
+ 11
66
Τ+ 11
21
+ 4
3
366 + +1 1
8
+ 3
28
+ 2
59
+ 3
+ 4
16
27
+ 5
22
+ 9
17
+ 22
28
+ 4
+ 1
47
+ 11
143
6
45
1

З-Нур/4-Нур ratio
4-Hyp/4-Hyp+Pro ratio
Hyl/Hyl + Lys ratio

0. 10+ 0. 01
0.45+ 0. 01
0.
0.39T
39+ 0.
0.0!
0!

Ρ

<0..025
<0,.025

<0.025
<0,.025

<0..001
<0.
<0.001
.001

0-3 weeks
(6)
10
+ 3
75
+ 11
68
6 8 ++4 4
+ 2
35
+ 4
47
+ 12
59
+ 12
99
224
+ 18
6 3 ++ 5 5
63
26
+ 3
39
"++ 33
10
+ 3
30
+ 3
63
+ 5
17
+ 3
29
+ 2
21
+ 3
24
+ 33
24
+ 5
43
+ 3
145
+ 16
47
+ 5
0. 12+ 0.03
0. 56+_ 0.07
0.50+
50+ 0.08
0.08
0.

Ρ

<0.01

<0.025
<0.01

<0.001

<0.025

18 weeks
(7)
11
77
61
34
44
66
91
240
57
25
35
10
30
60
16
31
24
31
20
40
154
51

+ 2
+:
10
+ 4
+ 2
+ 4
+ 6
+ 6
+ 9
+ 3
+ 2
+ 1
+ 2
+ 2
+ 2
+ 2
+ 1
+ 4
+ 2
+ 3
+ 6
+ 8
+ 4

0. 13+ 0. 01
0. 54 + 0.05
0. 61 _+ 0.04

Ρ

<0.01
<0.025

<0.01

Adult
(9)
14
89
62
33
43
65
97
233
57
24
35
10
28
60
15
29
23
30
19
42
169
49

+ 2

+
+
+
+
+
+

8
4
3
4
9
9

+
+
+
+
+
+
+
+
+

12
5
4
3
3
2
2
2
3

+ 4
+ 4
+ 2
+ 5
+ 11
+ 5

0. 14+ 0.02
0. 58+ 0.05
_ 0.03
0. 61+

Values (in residues per 1000 amino acid residues) are means + S.D. The number of preparations analysed is given
in parentheses. Statistical significance (P) is indicated for differences between two succeeding age groups.
The ratios given are molar ratios.

TABLE 3.5

CARBOHYDRATE COMPOSITION OF TUBULAR BASEMENT MEMBRANE PREPARATIONS OF CATTLE OF DIFFERENT AGES

Fetal
(3)

Ρ

Adult
(10)

+

0.2

0.6

+

0.2

0.7

+

0.2

3.1

+

0.4

3.0

+

0.2

3.4

+

0.4

<0,,001

16.9

+

3.0

20.2

+

2.0

20.5

+

1.5

<0,,01

16.9

+

2.6

19.4

+

2.6

20.0

+

2.5

<0,,001

15.0

+

2.0

17.4

+

1.8

17.4

+

1.5

1 .0

<0.,025

15.4

+

3.1

18.4

+

1.9

19.4

+

2.9

<0,,025

5.2

+

1.2

5.4

+

0.3

6.0

+

0.6

1.0

+

0.4

0.8

+

0.1

1.0

+

0.1

0.7

+

0.3

Manno s e

2.5

+

0.1

<0..01

Galactose

11 .8

+

1.1

Galactose

12.5

+

2.1

Glucose

10.5

+

1.2

Glucose

10.2

+

b

18 weeks
(8)

0.6

Fucose

.

0-3 weeks
(6)

3.6

+

0.7

Neuraminic acids

1.0

+

0.2

Glc/Gal ratio a

0 . 8 9 + 0 . 14

0.90 + 0.08

0.86 + 0.04

0.85 + 0.06

Glc/Gal ratio

0 . 8 5 + 0.11

0.91 + 0 . 0 8

0.95 + 0.04

0.97 + 0 . 0 5

Gal/Hyl ratio

1.03 + 0 . 2 5

1.05 + 0 . 1 0

0.92 + 0.13

0.90 + 0.15

Hexosammes

Values (in Mmol per 100 mg dry weight) are means +_ S.D. The number of preparations analysed is given
in parentheses. Statistical significance (P) is indicated for differences between two succeeding age
groups. Values were obtained by gaschromatography except those indicated with (u) enzymatically or
(b) spectrophotometrically. The ratios given are molar ratios.

membrane preparations isolated either with the sonication or the detergent
method favoured the latter procedure (absence of cellular debris, low lipid
phosphorus content, high hydroxylation grade of lysine and proline, high
content of 3-hydroxyproline, glycine, galactose and glucose, smaller variations
in chemical composition). Our results confirm the findings of Meezan et al.,
(1975) who compared the chemical composition of their basement membrane preparations obtained with a detergent procedure to results reported in literature
of basement membranes isolated by sonication. The constancy of this detergent
method has advantages over the variable mechanical and kinetic conditions
of the sonication method. The time of ultrasonication of glomeruli influences
the chemical composition and the purity of glomerular basement membrane
preparations (Kefalides, 1974; Tryggvason, 1977). Some reports mention the
resistance of a part of the glomeruli to sonication (Westberg & Michael, 1970;
Sato et al., 1975a; Sachot et al., 1975; Sato & Spiro, 1976). In the case of
human kidneys these structures were ascribed to the possible presence of
hyalinized glomeruli which had to be removed by an extra sieving procedure
(Westberg & Michael, 1970).
After detergent treatment glomerular basement membranes retain their
spherical form when viewed by light microscopy, a phenomenon which was not
found after sonication. This intactness may result from the DNA content being
unavailable to DNAase in comparison to that in ultrasonicated glomerular basement membrane preparations. When compared to ultrasonicated preparations
Ligler et al. (1977) found no differences in DNA, RNA and phospholipid content of mixed preparations of glomerular and tubular basement membranes
isolated with the detergent N-lauroyl sarcosine.
The amino acid and carbohydrate composition of our detergent-treated
glomerular basement membrane preparations from adult bovine kidneys is comparable to that reported for sonicated preparations (Cruz et al., 197A;
Spiro, 1967a; Sato et al., 1975a). In our preparations the content of 4hydroxyproline, glycine, hydroxylysine, galactose and glucose appeared to
be somewhat higher and that of lipid-phosphorus and lysine lower. Our detergent-treated tubular basement membrane preparations from adult cattle contained a little more proline and hydroxylysine but somewhat less glucose,
galactose and mannose than the preparations of Ferwerda et al. (1974).
Different changes in the chemical composition of basement membranes
have been reported to be associated with age. An increase in the hydroxy-
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lation grade of lysine and proline and of the content of glucose and galactose was found between glomerular basement membrane preparations of neonatal
and adult mice (Blue & Lange, 1976). Rat glomerular basement membrane showed
an increase with age of 4-hydroxyproline, but not of hydroxylysine, and an
increase of the glucose and galactose content (Lui & Kalant, 1974; Kalant et
al., 1977), while other workers (Hoyer & Spiro, 1978) report an increase in
hydroxylysine and both isomers of hydroxyproline but no change in glycosylation of the hydroxylysine residues. The degree of hydroxylation of lysine
(but not of proline) and glycosylation of hydroxylysine of bovine glomerular
basement membrane significantly increases between 4 month

and 2.5 year old

animals, but not between those of 2.5 and 8 years (Cruz et al., 1974). We
found for bovine glomerular basement membrane between 18 week old and adult
animals a significant increase in the hydroxylation of both lysine and
proline and in the glucose and galactose content. However, no change was observed in the glucose to galactose ratio and the galactose to hydroxylysine
ratio, which indicates that there is no change in the glycosylation of
hydroxylysine, but only in the relative number of hydroxylysylglycoside
residues. Bovine tubular basement membrane showed a similar increase in the
degree of hydroxylation of proline and lysine and in the glucose and galactose content between the fetal and neonatal period.
Whole glomerular basement membrane from rat kidneys (Kalant et al.,
1977; Hoyer & Spiro, 1978) showed an analogous change in total imino acid
content and constancy of the total of hydroxylysine and lysine residues with
age as with both bovine glomerular and tubular basement membranes. These data
are controversial if one assumes an equal distribution of both types of
amino acids over the basement membrane peptides. This discrepancy may be
possible if hydroxylysine and lysine residues are distributed to a greater
extent in one part of a peptide chain and the imino acids in another part.
Sato and Spiro (1976) suggest a structural model for the basement membrane
in which the peptide chains vary largely in the proportion of helical segments and polar regions. These different parts may have different rates of
synthesis or degradation. An alternative explanation may be that there are
several peptide chain types, one of which contains more imino acids. The
relative amount in this latter chain may increase during life. Such an increase and the change in hydroxylation of lysine and proline could be the
result of differences in the biosynthetic or degradative processes of the
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basement membrane at different stages of life. A retarded folding of the
procollagen polypeptides into a triple helix at higher age could be responsible for a more complete hydroxylation and glycosylation of lysine (Uitto
et al., 1978), although activities of hydroxylases and glycosyltransferases
are lower in adult than in fetal or young animal tissues (Spiro & Spiro,
1971; Risteli & Kivirikko, 1976; Anttinen et al., 1977). Metabolic transformations of three collagen modifications of rat skin and tendon appeared
to be age dependent (Niedermüller et al., 1977). These modifications may
differ in amino acid composition and/or in extent of hydroxylation and glycosylation.
The sugars of the heteropolysaccharide moiety of basement membranes also
show marked changes in their content with age. Lens capsules from calves contain more mannose, hexosamine and sialic acid than those of adults (Fukushi
& Spiro, 1969) and rat glomerular basement membrane shows a decrease of hexosamine and sialic acid (Lui & Kalant, 1974). However, adult mouse glomerular
basement membrane contains more fucose, hexosamine and sialic acid than neonatal glomerular basement membrane (Blue & Lange, 1976). We have also found
in both glomerular and tubular basement membrane, that the content of mannose
and hexosamine gradually increase with age. The differences between the content of these carbohydrates and of glucose and galactose may be useful in
determining which type of carbohydrate chain is involved in or influences the
antigenic reactivity, as has been noted for glomerular basement membrane of
different age groups in mice (Blue & Lange, 1976).
Our results show that in tubular basement membrane the increase of the
content of glucose and galactose and the hydroxylation of proline and lysine
appear in an earlier stage of life than is the case for glomerular basement
membrane. It does not seem likely to be a result of impurities which are retained during the isolation of basement membrane from animals of different
age groups. Lipid phosphorus content of glomerular basement membrane is
similar for 18 week-old and adult animals and the glycine content also remains fairly constant in both tubular and glomerular basement membranes of
all age groups. These two facts indicate that cellular membrane components
or extracellular fibrillar collagen do not contribute to changes observed
during development. The differences in age dependency could be due to the
fact that glomerular basement membrane has its origin from more than one
cell type (Misra, 1971) since collagen molecules of different tissues differ
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in metabolism (Niedermüller et al., 1977). These differences may also be related to the different physiological functions of both basement membrane
types.
The functional aspects of the changes in the content of glysocylated
hydroxylysine in basement membranes are not clear. The presence of these
saccharides may disturb the arrangement of collagen molecules to fibrils
(Morgan et al., 1970) but intermolecular bonds may presumably be formed since
crosslinks to which a saccharide is probably coupled were isolated (Robins
& Bailey, 1974). The high hydroxylation grade of lysine could reflect the
presence of a large number of stable crosslinks, which are derived from
hydroxyallysine and not from allysine (Bailey & Robins, 1976).
The nature and degree of hydroxylation, glycosylation and crosslinking
could play a role in the permeability of the basement membrane for macromolecules. Filtration experiments with filter pads of glomerular and tubular
basement membranes of animals of different age could give some information
on a possible relation between their structure and permeability properties
(Robinson & Brown, 1977).

3.5. SUMMARY

Glomerular and tubular basement membranes were isolated from fetal,
neonatal, young and adult bovine kidneys.
An isolation metViod with sieves for both glomeruli and tubules from the
same kidney was developed. A detergent procedure appeared to give purer glomerular and tubular basement membrane preparations than the generally used
sonication method. No large differences were found in the composition of
glomerular and tubular basement membrane of adult animals.
Glomerular and tubular basement membrane preparations of the four age
groups showed an increase with age of hydroxylysine and both 3- and 4hydroxyproline. The most marked increases appeared at different stages of
life, that of tubular basement membrane being between fetal and neonatal
stages and glomerular basement membrane between 18 weeks old and adult animals. The ratio of 3- to 4-hydroxyproline increased considerably in the age
period studied. Total imino acid content was higher for both types of basement membrane from adult than from young animals, while total content of
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hydroxylysine plus lysine remained fairly constant.
The increase in hydroxylation of lysine was accompanied by a correspond
ing change in glucose and galactose content so that the ratio of galactose
to hydroxylysine or glucose to galactose remained constant. Fucose content
of both types of basement membranes was the same for all age groups but
content of aminosugars and mannose gradually increased with age.

"И
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CHAPTER

4

CHEMICAL CHARACTERIZATION OF GLOMERULAR AND TUBULAR BASEMENT MEMBRANES OF
MEN OF DIFFERENT AGES

4.1. INTRODUCTION

Investigations on age-related changes of human basement membranes, in
particular those of the nephron are scarce. Changes in chemical composition
were found with growth and aging in renal basement membranes of various animal species (Lui & Kalant, 1974; Cruz et al., 1974; Blue & Lange, 1976;
Kalant et al., 1977; Hoyer & Spiro, 1978; Langeveld et al., 1978; Smalley,
1980a; Smalley, 1980b). Studies on the antigenicity of the glomerular basement membrane indicate that there exist differences between young infants and
older children (Anand et al., 1978; Lubec & Coradello, 1979). The accumulation
of collagen type IV in kidney cortex with maturation (Deyl et al., 1978) is
possibly associated with thickening of basement membranes (Bloom et al., 1959).
Interest in human renal basement membranes has been focussed on those
of the glomerulus, because these structures play a pivotal role in ultrafiltration (Ryan & Karnovsky, 1976; Venkatachalam & Rennke, 1980; Brendel et
al., 1978; Robertson, 1980). The chemical composition of tubular basement
membranes, however, has been studied by only a few investigators (Mahieu &
Winand, 1970; Sato et al., 1975a). These latter structures possess immunogenic sites, which do not appear to be present in the glomerular basement
membrane (Lehman et al., 1974; Graindorge & Mahieu, 1978). Circulating antibodies against the tubular basement membrane are present in some patients
with chronic kidney diseases (Paul et al., 1979) and may cause tubular and
interstitial lesions (McCluskey & Colvin, 1978).
In this investigation we present a method for separation and purification of both glomeruli and tubules from the same kidney of persons of different ages including preterm neonates. Basement membrane preparations were
obtained from these organ substructures according to a generally accepted
method in which deoxycholate is used for complete solubilization of cellular
membranes (Langeveld et al., 1978;Carlson et al., 1978; Kanwar & Farquhar,
1979a; Meezan et al., 1975). The chemical composition is compared for
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glomerular and tubular basement membrane preparations of the same kidney.
For the same type of basement membrane the composition is compared between
individuals of premature age up to 80 years.

4.2. MATERIALS AND METHODS

4.2.1. Kidneys
Kidneys were obtained from individuals ranging in age from preterm neo
nates to 80 years old at autopsy within 16 h after death and stored at -80

С

until use. The kidneys showed no macroscopical lesions and originated from
individuals without symptoms of any renal disease.

4.2.2. Isolation of glomeruli and tubules
All procedures were carried out at 0-4

C. During isolation the tissue

was kept in 0.15 M NaCl. After the kidneys were disposed of fat and calyces
and weighed, the cortex was dissected out, weighed and treated for the iso
lation of glomeruli and tubules according to the sieving procedures summarized
in Fig. 4.1. Stainless steel sieves were used except for the 25 μιη sieve,
which was made of nylon gauze and a perspex cylinder with a diameter of 10 cm.
Samples for light microscopy were taken from all sieves to follow the proce
dure. While the tissue was mashed through the sieve, 0.15 M NaCl was con
tinuously flushed without force. Mesh size of the sieve, on which forcing of
the tissue took place, varied with age in order to remove the capsule of
Bowman from the glomerular tuft. The resulting filtrate was sieved over a
series of sieves of which pore size varied from 300 jm for the upper one to
25 vim for the lowest one. Except for the age group of newborns, glomerular
preparations were thrice washed with 0.15 M NaCl on the sieve from which they
were obtained. The capsules of Bowman were mainly found on sieves inter
mediate to tubular and glomerular fractions. Occasionally a quite pure frac
tion of capsules was obtained.
In the case of preterm and fullterm neonates tissue of 4 to 8 kidneys
from neonates with comparable age was pooled before or after the sieving
procedure. Glomerular preparations from these kidneys were obtained from the
sieves with 0.15 M NaCl and centrifuged for 2 min at 100 χ g. When their
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Fig. 4.1.

Schematic representation of the isolation procedure for kidney
glomeruli and tubules of men of different ages. Sieve openings
are expressed as um. Sieves used for forcing cortex tissue and sieves on
which pure preparations or crude fractions for further treatment are retain
ed, are indicated under the age groups. G, pure glomerular fraction; (G),
crude glomerular fraction further purified on a discontinuous Ficoll gradient;
T, pure tubular fraction.

purity was lower than 90%, the glomerular pellet was resuspended in 20 volumes
of a solution of 12% (w/v) Ficoll in 0.15 M NaCl. The suspension was layered
on the top of a discontinuous Ficoll gradient prepared according to Grant et
al. (1975). After centrifugation a purified glomerular fraction was obtained
in the 18-20Z interface and the 20% layer. This fraction was washed four times
with 0.15 M NaCl at 200 χ g.

4.2.3. Preparation of basement membranes
Basement membranes were isolated from glomeruli and tubules according to
the procedure described in section 2.2.1.

4.2.4. Morphological and chemical investigations
Procedures for light and electron microscopy and for amino acid, carbo-
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hydrate and total phosphorus analysis are described in section 2.2.

4.2.5. Statistical analysis
Four statistical tests were applied. The Kruskal Wallis к sample rank
test (Kruskal & Wallis, 1952) and Terpstra's (two sided) V-test (Terpstra,
1955; Terpstra, 1956) were used to investigate whether the values of a chem
ical component or a ratio in glomerular or tubular basement membranes are
dependent on the age of the individual considered. The Kruskal Wallis test is
sensitive to all types of age dependency. The Terpstra's test is a specific
method to detect a predominantly increasing or decreasing trend with age.
Wilcoxon's test was applied to establish a difference in a component or a
ratio between pairs of age groups. To take the interdependence between the
Wilcoxon's tests into account as far as possible, the significance level was
fixed at 1%. Student's two sided t-test for paired samples at the 5% level
was used to test the mean difference in a component or a ratio between glom
erular or tubular basement membranes within the individuals of the same group.
Nonparametric tests were selected to reduce the effect of deviating ob
servations, except for the t-test, since for some age groups the sample sizes
were too small to apply the nonparametric counterparts of that test.

4.3. RESULTS

4.3.1. Purity and yield of preparations
Quite pure glomerular (Fig. 4.2 a and c) and tubular preparations (Fig.
4.2 b and d) were obtained from kidneys of individuals of nearly all ages
(Table 4.1). With preterm and fullterm newborns, purity of the crude glom
erular preparations obtained from the sieves could further be improved by
using a discontinuous Ficoll gradient, while the purity of the tubular
preparations was comparable to those from the other age groups. It was some
times not possible to retain tubular fragments from the kidneys of children
(age 1 month to 15 years) on the fine sieves. Therefore, smaller numbers of
tubular than of glomerular basement membrane preparations were obtained.
With light microscopy, glomeruli could easily be discerned from tubular
fragments by the dark blue color of the former after staining with
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TABLE

4.1

KIDNEY WEIGHT, PURITY OF GLOMERULAR AND TUBULAR PREPARATIONS AND YIELD OF
BASEMENT MEMBRANES WITH DIFFERENT AGES

Age range

Kidney
weight

28-37 weeks'*
e

8.0+ 3.1 (9)

Yie; ld C

Puri.У 6
Glomeruli

Tubules

GBM

TBM

70-90

92-96

15-26 (3)

19-23 (3)

1-8

days

11.8+ 2.0 (8)

81-90

92-100

10 (1)

20-24 (2)

1-2

months

15.2+ 4.0 (3)

89-95

93-99

24-43 (3)

6-50 (2)

4-18 months

26.3+ 4.4 (9)

91-99

91-100

12-44 (9)

4-26 (7)

53.7+24.4 (7)

28-59 (7)

12-28 (5)

3.5-15 years

92-99

93-100

32-61 years

132.1+24.8 (10)

96-100

95-100

66-80 years

105.8+31.3 (5)

96-99

96-99

9-67 (10)
16-38 (5)

7-57 (10)
36-48 (5)

α Kidney weight is expressed in g wet weight as means + SD for the number of
individuals given between parentheses.
b Purity range is given in percents of total number of particles counted.
с Yield (mg dry weight/100 g cortex wet weight) is given as range, the number
of preparations isolated as figures between parentheses.
d Preterm newborns with ages expressed as weeks of gestational age.
e Full term newborns with ages expressed as days or months after birth.

haematoxylin-eosin. Frequently, some glomeruli kept their capsules of Bowman,
but these formed never more than 21% of the glomeruli. Hyalinized glomeruli,
present in kidneys of older persons, did not contaminate the glomerular
preparations because they are retained on the 106 um sieve (Fig. 4.1, age
group 30-80 years) by their smaller diameter. With all tubular preparations
capsules amounted to less than 6Z of all particles counted.Tubular fragments
are often empty, but a clear difference can be observed between tubular and
capsular basement membranes (Fig. 4.2 d and 4.3 a ) . With the kidneys of two
adults (32 and 48 years) a fraction could be obtained from the 90 ym sieve
in which 95 and 96% of the particles consisted of capsules of Bowman (of
which 36 and 29%, respectively, were accompanied by a glomerulus (Fig. 4.3 a))
All basement membrane preparations showed total absence of cellular
material (haematoxylin-positive material) with light microscopy. Purity of
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Fig. 4.2. Light micrographs of glomerular and tubular preparations, a and b:
glomeruli and tubules, respectively, from an infant of 8 days, с
and d:glomeruli and tubules, respectively, from a person of 48 years, χ 40.
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M
Fig. 4.3. Preparations of capsules of Bowman from the same individual as in
Fig. 4.2 с and d. a: Light micrograph, χ 40, b: Electron micrograph
of some Bowman's capsules after treatment for preparation of basement mem
branes, Note the absence of cellular components, χ 5500.
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Fig. 4.4. Electromicrographs of basement membrane preparations from a person
of 72 years, a and b: Glomerular and tubular basement membranes,
respectively. Note the absence of cellular components, χ 5500.

basement membrane preparations was further evaluated by electron microscopy
(Fig. 4.3 b and 4.4 a and b) in all age groups except in infants younger than
two months old. In a limited number of preparations (more often with tubular
than with glomerular basement membranes) there was a minor contamination by
interstitial collagen fibers. With both types of basement membranes this con
tamination did not appear as fibres between two electron dense layers as was
found by others with tubular basement membranes (Mahieu & Winand, 1970).
Moreover, there was no correlation with age. Yields of basement membrane ma
terial varied for the different isolations. Total phosphorus content was less
than 0.1% (w/w) for the glomerular and tubular basement membranes with most
ages, except with the preparations from the preterm newborns where it amount
ed to a maximum of 0.16%. Under conditions used for isolation of the base
ment membranes no protease activity was found with azoalbumin as a substrate.
For investigation of a possible influence of the 1 M NaCl treatment on the
chemical composition of the basement membrane preparations, we divided one
glomerular preparation in two parts. Glomerular basement membranes were iso
lated from one part according to the method described under Materials and
Methods, while the other part was treated following the same procedure,
except for the 1 M NaCl treatment that was replaced by an incubation in 0.15
M NaCl. We observed no marked differences in amino acid and carbohydrate com
position of the two preparations. In addition, the banding patterns found
with SDS-polyacrylamide disc-gel electrophoresis were similar. Conditions of
preincubation of basement membranes were according to Ligler et al. (1977).
Electrophoresis was carried out in 5 and 10% Polyacrylamide gels according
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to Laemmli (1970).

4.3.2. Chemical analyses
Conditions used for determination of amino acids (hydrolysis and analysis) resulted in variation coefficients of 8% (hydroxyproline isomers and
glycine) or lower, except with methionine and half-cystine, where higher
values were obtained. The determination of 3-hydroxyproline showed a good
linearity between absorbance at 440 ran and concentration within the range of
100-500 nmol per ml. Color constants for equimolar amounts of 3-hydroxyproline : 4-hydroxyproline : proline were 1.00 : 0.72 : 1.40. Hydrolysis conditions used to release hexoses, hexosamines or neuraminic acids appeared to
be optimal for basement membrane material (Langeveld & Veerkamp, 1980). The
results of the gas chromatographic assay of glucose appeared to be in accord
with the enzymatically determined content (Tables 4.2 and 4.3). The values of
glucose obtained with gas chromatography were used for the calculation of the
ratios.

4.3.3. Chemical composition
The total residue weights of the components determined were comparable
for the different basement membrane preparations and amounted to 84 +_ 1%
(w/w, mean jb S.D.) of the starting material. This value and also the values
in Tables 4.2-4.5 were not corrected for water content. It was found that the
preparations bound water to 6% of their weight within 1 h outside of the
desiccator.
The chemical composition and the molar ratios between some components
are given for glomerular and tubular basement membranes in Tables 4.2-4.5.
The carbohydrate and amino acid composition of the glomerular (Tables 4.2 and
4.4, respectively) and tubular basement membranes (Table 4.3 and 4.5, respectively) were brought together in 5 age groups for purpose of statistical handling and ease of survey. With preparations of infants younger than 2 months
no values for half-cystine are given, owing to poor separation of cystine
from alanine and to scarcity of basement membrane material. No statistical
analysis

has been carried out for this chemical compound. The molar ratio of

4-hydroxyproline to hydroxylysine reflects the type of collagen (Blumenkrantz
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& Asboe-Hansen, 1978). The molar ratio between hydroxylysine and glycine demonstrates the relation between a component typical for collagenous proteins
and a component which is present in collagenous and non-collagenous proteins.
The ratio of glucose to the sum of fucose, mannose, hexosamines and neuraminic
acids reflects the proportion of the disaccharide of the collagen moiety to
the heteropolysaccharide of the non-collagen moiety. The other molar ratios
especially concern components that are involved in posttranslational processes.
The molar ratio of 4-hydroxyproline to hydroxylysine is lower than 4.0
in all our preparations. This is characteristic for basement membrane collagen
(Blumenkrantz & Asboe-Hansen, 1978). The ratio of glucose to hydroxylysine
indicates that 76 to 92% of the hydroxylgroups of hydroxylysine are substituted by the disaccharide unit typical for collagenlike polypeptides. The
glucose to galactose ratio of all basement membrane preparations approximates
one suggesting that nearly all galactose is bound in this disaccharide unit.

A.3.4. Comparison of glomerular and tubular basement membranes
Glomerular and tubular basement membrane preparations from each pair of
pool of kidneys were statistically tested by age group for differences in
chemical composition (Table 4.2 and 4.4, P-columns). The contents of 4-hydroxyproline, proline, glycine, and alanine and the ratio of 4-hydroxyproline to
hydroxylysine and of glucose to hydroxylysine did not show significant differences. Differences in other components or molar ratios were often restricted
to specific age groups. Glomerular basement membranes contained, however, in
nearly all preparations more 3-hydroxyproline than in their tubular counterpart. Concentrations of mannose and neuraminic acids were markedly higher in
the glomerular basement membranes. The difference in content of neuraminic
acids could not be due to DNA contamination in glomerular preparations since
with the fluorimetrie assay spectra were the same for both types of basement
membranes and for the standard N-acetylneuramic acid. Furthermore, no deoxyribose was found with gas chromatography. In addition to the higher contents
of mannose and neuraminic acids, the higher content of hexosamines and the
lower ratio of glucose to galactose in the glomerular basement membranes
suggest that these membranes possess more heteropolysaccharide components
than their tubular counterpart.
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TABLE

4.2

CARBOHYDRATE COMPOSITION OF GLOMERULAR BASEMENT MEMBRANE PREPARATIONS OF MEN OF DIFFERENT AGES a
Carbohydrate

А
ΐ 2 m

В

С

D

E

Kxuskal

4-18 m

3.5-15 y

32-61 y

66-80 y

Wallis

Terpstra
d
test

Wilcoxon
e
test

С

b

(7)

Ρ

(9)

Ρ

(7)

Ρ

(10)

Fucose

0.7+0.1

++

0.8+0.2

++

0.8+0.2

Mannose

3.8+0.3

++

4.1+0.5

++

3.7^0.6

++

3.6^0.3

+

20.2+1.8

Ρ

0.9+0.1

(5)

Ρ

test

0.7+0.1
++

3.5+0.3

++

Galactose

11.7+2.7

++ 16.7+2.2

+

19.1+1.9

17.7+1.3

***

t **

B>A,C>A,D>A,E>A,D>B

Glucose

11.5+2.7

+

+

17.9+2.0

19.6+2.0

—

17.3+1.3

***

t ***

B>A,C>A,D>A,E>A,D>B

Glucose"

10.7^2.0

17.8+2.3

18.7+2.2

—

16.8+1.5

**

t **

4.8+0.6
2.OK).4

++

4.4+0.5
2.3+0.4

Hexosaraines
Neuraminic acids

16.1+2.2
15.7+1.7

3.0+0.9
2.3+0.1

5.l+1.0
2.1+0.3

0.99+0.04

0.96+0.07

0.94+0.05 -

0.97+0.05 -

0.98+0.04

Glc/Fuc+Man+HexN+Neu 1.23jK).26

1.35+0.15

1.61+0.34-

1.76+0.29—

1.60+0.15—

Glc/Gal

â

++

5.0+1.0
1.9+0.4

+
++

**

B>A,D>A

++

**

t **

D>A,D>B

д) Contents (in umol per 100 mg dry weight) and molar ratios are given as means + S.D. The number of preparations is given in
parentheses.
b) Statistically significant differences between glomerular (GBM) and tubular basement membranes (TBM) in the same age-group
are indicated under P. -(+): the value in GBM is lower (higher) than that of the same component in TBM. - or + and — or ++:
significant at 5% and 1% level, respectively, according to Student's t-test for paired samples.
c) Statistical significance for presence oí age-group-dependent differences. *, ** and *** significant at 5%, 1% and 0.1%
level respectively.
d) Statistical significance for an increasing (f) or decreasing (J) trend with age.* , ** and *** the same as under с
е) Statistically significant differences (at 1% level) between two age-groups. Age groups are presented by capitals. For each
pair of age-groups mentioned the group with the higher value of the two is indicated first.
0 Enzymatically determined.
g) Eight preparations analysed. Not evaluated with Student's test.
il) Four preparations analysed. Not evaluated with Student's test.

TABLE

4.3

CARBOHYDRATE COMPOSITION OF TUBULAR BASEMENT MEMBRANE PREPARATIONS OF MEN OF DIFFERENT AGES a

Carbohydrate

A
ζ 2m

В
4-18 m

С
3.5-11 y

D
32-61 y

E
66-80 y

(7)

(6)

(5)

(10)

(5)

Fucose

0.5+0.1

0.5+0.1

0.6+0.2

0.9^0.2

0.8+0.1

Mannose

2.7+0.3

2.6+0.3

2.5+0.2

2.8+0.3

3.0+0.2

Galactose

6.7+0.9

11.0+2.5

16.2+1.0

20.6+1.8

18.8+2.4

Glucose

7.0+1.5

11.4+2.8

16.6+1.4

20.7+2.0

19.0+2.1

Glucose"

6.1+1.6

10.8+3.3

16.2+2.5

20.0+1.2

18.0+1.8

Hexosamines

1.Θ+0.43

3.1+0.43

3.2+0.8

4.3+0.6

Neuraminic acids

1.5+0.3^

1.0+0.1^

1.0+0.2

1.1+0.2

1.04+0.10

1.03+0.07

1.03+0.03

1.00+0.03

1.01+0-.04

Glc/Fuc+Man+HexN+Neu 1.13+0.28

1.52+0.18

2.29+0.30

2.31+0.26

2.14+0.27

Glc/Gal

Kruskal
Wallis
te

st

Terpstra
t

est

a

Wilcoxon
teste

a

***

t ***

3.9+0.5

***
***
**»
***

t ***
t ***
t ***
t ***

D>A

1.2+0.1

*

t ***

D>A

**

D>A,E>A,D>B
B>A,C>A,D>A,E>A,D>B,D>C
B>A,C>A,D>A,E>A,D>B,D>C
C>A,D>A,E>A

a) Contents (in μπιοί per 100 mg dry weight) and molar ratios are given as means +_ S.D. The number of preparations is given in
parentheses.
C, d, e and (j) Footnotes are explained in Table 2.
g) Five and three preparations analysed in group A and B, respectively.
/l) Four and five preparations analysed in group A and B, respectively.

TABLE

4.4

a
AMINO ACID COMPOSITION OF GLOMERULAR BASEMENT MEMBRANE PREPARATIONS OF MEN OF DIFFERENT AGES"
Amino acid

3-Hvdroxyproline
4-Hydroxyproline
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxylys ine
Lysine
Arginine
З-Нур+4-Hyp+Pro
Hyl+Lys
З-Нур/4-Нур
3-Нур+4-Нур/3-Нур+
4-Нур+Рго
Hyl/Hyl+Lys
4-Hyp/Hyl
Hyl/Gly
Glc/Hyl

А
< 2 m
(7)
4+ 1
47+ 9
87+10
40+ 5
47+ 5
97+12
67+ 4
198+18
84+ 7
44+ 4
10+ 2
31+ 4
63+ 2
18+ 2
28+ 3
32+ 4
17+ 6
39+ 6
48+ 3
118+11
55+ 2
0 .08+0.02
0 .43+0.04
0 .31+0.08
2 .84+0.25
0 .09+0.02
0 .92+0.10

ь

Ρ
+

В
4-18 m
(9)
7+ 1
62+12
72+ 6
36+ 3
46+ 8
94+ 8
68+ 9
217+20
70+ 8
25+ 6
36+ 4
7+ 4
29+ 3
61+ 3
16+ 1
29+ 2
27+ 4
27+ 4
24+ 3
47+ 5
136+18
51+ 2
0.11+0.02
0.50+0.05
0.54+0.06
2.27+0.43
0.13+0.02
0.82+0.08

Ρ
++

-

++

С
3 .5-15 у
(7)

Ρ

10+ 3
73+ 6
65+ 5
35+ 6
43+ 4
95+ 4
65+ 7
231+19
66+12
19+ 5
34+ 3
7+ 3
29+ 2
61+ 3
15+ 3
28+ 2
25+ 4
30+ 2
20+ 3
45+ 3
148+ 9
51+ 2

+

0 .14+0.03

+

+ 0 .56+0.04
++ 0 .60+0.05
2 .42+0.18
+ 0 .13+0.01
0 .80+0.05

+

D
32-61 у
(10)
11+ 2
78+11
68+ 9
32+ 1
40+ 2
87+ 5
65+ 8
233+21
71 + 10
20+ 4
34+ 3
7+ 3
30+ 2
60+ 3
15+ 1
28+ 1
26+ 4
32+ 3
19+ 2
43+ 3
154+20
52^ 4
0.14+0.02

0.58+0.02
++ 0.63+0.02
2.44+0.48
0.14+0.02
0.83+0.12

Ρ
++
+

-

+

+

++

E
66-80 у
(5)
9+ I
73+ 7
66+ 6
32+ 2
39+ 3
89+ 7
69+ 3
233+19
73+ 5
20+ 3
35+ 4
10+2
29+ 2
61+ 5
15+1
28+ 2
20+ 3
30+ 1
22+ 1
47+ 2
151+ 8
52+ 2

++ 0.12+0.01

-

0.54+0.03
0.57+0.01
2.46+0.28
0.13+0.01
0.76+0.07

Ρ

+

-

Kruskal
Wallis
test c

Terpstra
test0'

***
»**
***
***

t ***
»**
t *»•

**

* ***

**
*

t **

C>A,D>A,E>A

**

» **

A>C,A>D

**
**

A>D,B>D

**·
***

* **
1 ***
t ***
**

**

t **»

C>A,D>A,E>A
A>B

**

t **

D>A

***
»»*
*
*»*

t »**
t *»*

C>A,D>A,E>A,D>B
B>A,C>A,D>A,E>A 1 ,D>B,D>E

***

t
»*
* ·*

Wilcoxon
test e

B>A,C>A P D>A,E>A 1 lD>B
C>A,D>A,E>A
A>C,A>D,B>C
A>D,A>E,B>D
B>D

A>E,B>E
B>A,C>A,D>A,E>A 1 ,D>B
A>B > A>C,A>D,A>E 1 l B>D,E>D

B>A,C>A,D>A,E>A

a) Contents (in residues per 1000 amino acid residues) and molar ratios are given as means *_ S.D. The number of preparations
is given in parentheses.
b, C, d and e) Footnotes are explained in Table 2.

TABLE

4.5

AMINO ACID COMPOSITION OF TUBULAR BASEMENT MEMBRANE PREPARATIONS OF MEN OF DIFFERENT AGES
Amino acid

A
Í 2 m
(7)

В
4-18 m
(6)

С
3 .5-11 у
(5)

D
32-61 у
(Ю)

Ь
66-80 у
(5)

3+ 1
40+ 7
91 + 10
40+ 4
52+ 3
97+ 7
68+ 4
188+20
89+ 4
42+ 4
10+ 1
33+ 3
65+ 6
19+ 2
28+ 3
29+ 5
12+ 2
42+ 6
52+ 5
110+10
55+ 5

4+ 1
53+10
76+11
40+ 4
54+ 6
96+ 5
70+ 7
203+19
79+ 7
17+ 3
39+ 3
9+ 3
29+ 2
62+ 4
18+ 2
28+ 2
25+ 5
17+ 5
J6+ 6
45+ 4
127+15
53+ 4

6+ 1
74+12
68+ 9
34+ 4
46+ 4
92+ 8
71+ 8
224+12
73+ 6
18+ 4
J6+ 3
8+ 3
29+ 3
58+ 4
16+ 2
27+ 3
24+ 6
27+ 3
25+ 3
44+ 5
152+20
52+ 4

9+ 2
83+10
66+ 8
33+ 2
43+ 3
89+ 7
68+ 7
220+19
68+ 5
17+ 4
35+ 4
9+ 3
31+ 2
58+ 4
16+ 2
30+ 3
22+ 2
34+ 3
20+ 3
40+ 3
160+17
54+ 4

7+ 2
75+ 9
64+ 5
31+ 1
39+ 3
89+ 6
68+ 3
236+13
74+ 8
16+ 3
37+ 3
12+ 2
31+ 1
58+ 1
17+ 1
29+ 2
19+ 2
31+ 2
23+ 3
44+ 1
150+11
54+ 2

3-HypM-Hyp
3-Hyp+4-llyp/3-Hyp+
4-Hyp+Pro
Ну1/Hyl+Lys

0.07+0.02

0.08+0.02

0 .09+0.02

0.10+0.02

0.09+0.02

0.38+0.03
0.23+0.05

0.45+0.04
0.32+0.08

0 .53+0.02
0 .52+0.05

0.57+0.02
0.63+0.03

0.55+0.04
0.57+0.04

4-Hyp/llyl
Hyl/Gly
Glc/Hyl

3.32+0.59
0.07+0.01
0.77+0.16

3.32+0.88
0.08+0.02
0.83+0.07

2 .78+0.49
0 .12+0.02
0 .79+0.08

2.46+0.43
0.15+0.02
0.82+0.12

2.44+0.35
0.13+0.01
0.82+0.05

3-Hydroxyproline
4-Hydroxyproline
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidme
Hydroxy Іуыпе
Lysine
Arginine
З-Нур+4-Hyp+Pro
Hyl+Lys

Kruskal
Wallis
test c

Terpstra
test«

Wilcoxon
test e

***
***
***
***
***

***
***
***
***
***
*

B>A,C>A,D>A,E>A,,D>B
C>A,D>A,E>A,D>B
A>D,A>E,B>D
A>D,A>E,B>D,B>E
A>D,A>E,B>D,B>E

**
***

***
***

D>A,F>A
A>C,A>D,A > E

*

I*

*

i *
i **

A>D

**
***
***
**
***

* ***
t ***
* ***
* **
t **»

A>D,A>E
C>A,D>A,E>A,D>B,,E>B,,D>C
Α>α,Α>0,Α>Ι·,Β>ς,,B>D,,B>E
A>D
C>A,D>A,E>A,D>B

*

i *

***
***
*
***

t ***
t ***

C>A,D>A,E>A,C>B,,D>B
C>A,D>A,E>A,C>B,,D>B,,E>B,

* **

t

*•*

D>C
C>A,D>A,E>A,D>B,,E>B

a) Contents (in residues per 1000 amino acid residues) and molar ratios are given as means + S.D. The number of preparations
is given m parentheses.
C, d and e) Footnotes are exflained in Table 2.

Comparison of the chemical composition of two capsular basement membrane
preparations with the other two basement membranes from the same kidneys show
ed that the contents of 3-hydroxyproline (11 residues/1000 amino acid resi
dues) and neuraminic acids (2.2 цто1/100 mg dry weight) and the ratio of 3hydroxyproline to 4-hydroxyproline (0.12) were comparable to those of the
glomerular basement membranes, but that the content of mannose (3.1 ymol/100
mg dry weight) was intermediate between that of the glomerular and tubular
basement membranes.

4.3.5. Comparison of basement membrane preparations from men of different ages
Figure 4.5 shows the distribution of the individual basement membrane
preparations as a function of age together with the values of the extent of
hydroxylation of proline and lysine. Other data are only given for the five
age groups. The graphs show that the chemical composition of the two types
of renal basement membranes changes with age in a comparable but not parallel
way. The ratios of hydroxylated imino acids to total imino acids and of hydroxylysine to the sum of hydroxylysine and lysine reach an adult level after
4-7 months for glomerular basement membranes while for tubular basement mem
branes this occurs during late childhood.
When Kruskal Wallis test was applied to the analytical data for the 5
selected age groups (Tables 4.2-4.5) we found significant age-dependency with
many of the chemical components and ratios of both glomerular and tubular base
ment membrane preparations. Highly significant variations (0.1% level) between
the age-groups were found for the following components and ratios: 3- and 4hydroxyproline, aspartic acid, threonine, hydroxylysine, lysine, galactose,
glucose and the ratios of the sum of hydroxyproline to total imino acids, of
hydroxylysine to the sum of hydroxylysine and lysine, and of hydrox
to glycine. In addition, for tubular basement membranes we found high sig
nificance for age-dependent differences with serine, alanine, total imino
acids and fucose.
With the Terpstra's test we found indications for a significant change
in concentration or ratio of several chemical constituents with age. Increases
were found with both glomerular and tubular basement membrane preparations
for: 3-hydroxyproline, 4-hydroxyproline, glycine, hydroxylysine, galactose,
glucose, the sum of the imino acids, and for the following ratios: 3- to 4-
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Гі^. л . 5 . Extent of hydroxylation of proline and lysine of individual base
ment membrane preparation as a function of age. Time of fullterm
birth (indicated by arrow) is taken as zero age. a and c: Glomerular basement
membrane, b and d: Tubular basement membrane.

hydroxyproline, hydroxylated imino acids to the sum of the imino acids, hydroxylysine to hydrosylysine plus lysine, hydroxylysine to glycine and glucose to
the sum of fucose, mannose, hexosamines and neuraminic acids. A decrease was
found with both membrane types for the concentration of aspartic acid, threo
nine, serine, valine, tyrosine, histidine and lysine. In addition, with
glomerular basement membranes the ratio of glucose to hydroxylysine showed a
decrease with age. Changes restricted to tubular basement membranes appeared
to be: an increase of fucose and hexosamines, and a decrease of glutamic acid,
alanine, leucine, arginine and the ratio of 4-hydroxyproline to hydroxylysine.
The results from the Wilcoxon tests, where each possible pair of age
groups is compared, give additional information to both the Kruskal Wallis
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and the Terpstra's test. In cases where the Kruskal Wallis test reached a level
of significance of 1% or lower for a specific value of a chemical component or
ratio, Wilcoxon's test always showed one or more pairs of significantly different groups. The Wilcoxon's test reveals the stages of life at which the changes
in chemical composition take place. With both types of basement membranes,
significant differences between age groups occur, most importantly between
children younger than two months and the adult and aged groups. In addition,
for a smaller number of values differences occur between children younger than
two months and children older than 3 years as well as between 4-18 months old
infants and adults. In particular the changes were pronounced for 3-hydroxyproline, hydroxylysine, lysine and the ratios of hydroxylated proline isomers
to total imino acids and of hydroxylysine to the sum of hydroxylysine and
lysine.
The data of a number of components in the group of persons older than 65
years seem to point to an age-related change in composition of the renal basement membranes in a direction opposite to that of the changes from birth to
adulthood. The extent of hydroxylation of lysine in glomerular basement membranes is significantly lower in the aged group than in the adult group. More
preparations should be analysed to establish the significance of other differences.
It is apparent from the data in Tables 4.2 to 4.5, that in both types of
basement membranes the values of proline, mannose and neuraminic acids, the
sum of hydroxylysine and lysine, and the ratio of glucose to galactose did not
show significant differences between the age groups. This was also found for
the ratio of total imino acids to glycine, but the ratio of hydroxylated proline isomers to glycine increased significantly with age (data not shown).

4.4. DISCUSSION

The chemical composition of both glomerular and tubular basement membranes
of adult men was described in two reports (Mahieu & Winand, 1970; Sato et al.,
1975a) without, however, a statistical analysis of their results. The great
difference in quantitative composition between the two types of basement membranes found in the first report (Mahieu & Winand, 1970) has to be ascribed to
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contamination with fibrillar collagen in the tubular basement membrane preparations (Sato et al., 1975a; Krisko et al., 1977). Sato et al. (1975a) reported
a good resemblance in chemical composition between glomerular and tubular basement membranes, the latter of which was isolated from the renal medulla. The
content of neuraminic acids and to a lesser degree of mannose and hexosamines
were, however, markedly higher in glomerular than in tubular basement membranes,
as in our preparations from renal cortex. In the preparations from a wide spectrum of ages (from 30 weeks gestational age up to 80 years of life) we found
that the glomerular basement membrane also contains more 3-hydroxyproline. In
another investigation we established, that glomerular basement membranes from
adult cattle, pig, sheep, horse and rat also contain more of the heteropolysaccharide components than the tubular basement membranes (Langeveld & Veerkamp,
1980; Chapter 6 ) . Although we are aware of the possible influence of minor contamination by interstitial collagen as observed with the electron microscope,
this cannot, however, explain the differences in composition. For example, the
two types of basement membranes of individuals have nearly identical glycine
contents and molar ratios of 4-hydroxyproline to hydroxylysine, specific for
type IV collagen (Blumenkrantz & Asboe-Hansen, 1978).
The differences in chemical composition between the two types of membranes
may originate from their different cellular origin (Kefalides et al., 1979).
Especially the differences in the heteropolysaccharide containing moieties may
contribute to their different immunogenic properties (Graindorge & Mahieu,
1978; Paul et al., 1979; McCluskey & Colvin, 1978).
A frequently observed phenomenon in the composition of basement membranes
is the increase of hydroxylation of proline and/or lysine with age (Cruz et
al., 1974; Blue & Lange, 1976; Kalant et al., 1977; Hoyer & Spiro, 1978;
Langeveld et al., 1978; Smalley, 1980a; Fukushi & Spiro, 1969). Deyl et al.
(1978) found an increase of the concentration of 3- and 4-hydroxyproline and of
the ratio of 3-hydroxyproline to 4-hydroxyproline with age in kidney cortex of
rat, cow, hamster and man. In a previous study with glomerular and tubular basement membranes from cattle (Langeveld et al., 1978; Chapter 6) we noted, that
the increase of the hydroxylation of these two amino acids took place at a
later stage of life for glomerular basement membranes (between 18 weeks old
and adult animals) than for tubular basement membranes (between fetal and 18
weeks old calves). In that study it appeared also that the total content of
imino acids increased with age in a similar way. With human glomerular base-
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ment membranes, however, the extent of hydroxylation and the total content of
imino acids rise steeply between preterm (30 weeks of gestational age) and 4
months-old infants and reach a plateau in childhood (3-15 years) while with
tubular basement membranes these parameters rise slowly from the preterm age
to a maximum at adulthood (age 32-61 years). The extent of glycosylation of
hydroxylysine remains fairly constant in renal basement membrane during life
with rat (Hoyer & Spiro, 1978), cattle (Langeveld et al., 1978) and man.
Recently, a change in chemical composition was reported with glomerular
basement membranes of men from adulthood to age 90 (Smalley, 1980a), which includes a decrease in extent of hydroxylation of lysine comparable to our results. Furthermore, no correlation was found for the ratio of total hydroxyproline isomers to proline with aging. However, we did not observe the decrease of other amino acids with aging. The apparent decrease of the collagenous (type IV) component suggested by Smalley (1980a) may be due to an increasing contamination by interstitial collagen in his basement membrane
preparations with aging, since glycine content appeared to remain constant.
Contents of sugars known as constituents of the heteropolysaccharide unit
(Spiro, 1967b) vary with age in lens capsules of cattle (Fukushi & Spiro,
1969) and glomerular basement membranes of rat (Lui & Kalant, 1974) and mice
(Blue & Lange, 1976), but the changes are not uniform. With cattle, the content of mannose and hexosamines in glomerular and tubular basement membranes
(Langeveld et al., 1978), and of neuraminic acids in glomerular basement membranes (unpublished result) gradually increase with age. Human tubular basement membrane preparations only showed an increase of fucose and hexosamine
content.
Papain-digested glomerular basement membranes from newborns showed two
precipitin lines in immunoelectrophoresis applying an anti-human glomerular
basement membrane antiserum from the rabbit. With similar preparations from
children aging 5 to 15 years three precipitin lines were visible (Lubec &
Coradello, 1979). Anand et al. (1978) studied the binding of human antiglomerular basement membrane antibodies to human glomerular basement membrane with immunofluorescence. Young infants lacked glomerular basement membrane antigens normally present in older children and adults with the transition occurring over the age range of 3 months to 3 years.
In the human fetus nephrogenesis is finished after 32-36 weeks of gestation (Potter, 1972). Growth of glomeruli and tubules goes on up to 20 years
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of life, tubules growing at a higher rate than glomeruli (Fetterman et al.,
1965; Darmady et al., 1973). With aging the total number of nephrons and in
association the kidney functions decrease after the fourth decade (Dunnill &
Halley, 1973; Epstein, 1979).

Thickness of glomerular basement membranes in-

creases with maturation of glomeruli and reaches adult values at the age of
3 years (Bloom et al., 1959; Vernier & Birch-Anderson, 1962;Bencosme & Bergman, 1962). In rats (Yagihashi, 1978) and hamsters (McNelly & Dittmer, 1976),
however, thickening of glomerular basement membranes was observed with increasing age. Human tubular basement membranes remain fairly constant in
thickness between the age of 9 and 50 years, after which period a progressive
thickening of these membranes appears (Vracko, 1978). A positive correlation
between accumulation of collagen type IV and basement membrane thickness in
renal cortex of man and some other mammalian species was suggested (Deyl et
al., 1978).
The results of our investigations point to a change in quantitative distribution of collagenous and non-collagenous peptide moieties in the human
glomerular and tubular basement membranes with maturation and growth, as can
be deduced from variations in content of glycine and total imino acids.
Contents of collagen-non specific amino acids aspartic acid, threonine,
serine, valine, tyrosine, histidine and lysine decrease with age, but the
constituents of the heteropolysaccharide unit did not markedly change. Moreover, the increase of the two ratios of hydroxylated imino acids to glycine
and of hydroxylysine to glycine is much larger than may be expected on the
basis of the glycine contents. This indicates that the extent of hydroxylation
of lysine and proline residues also rises with age. The increased extent of
hydroxylation could be closely bound up with a higher stability of the collagen-like regions in the basement membranes. During maturation of collagen
molecules, these proteins are stabilized by covalent cross-links, where especially those derived from hydroxylysine appear to be important (Bailey et al.,
1974; Kao & Leslie, 1979). Burjanadze (1979) indicated that the content of
hydroxyproline at the third position in the amino acid sequence (Gly-X-Y)
positively correlates with the thermal stability of the collagen triple helix.
Physiological functions e.g. glomerular filtration rate undergo marked
changes in infants during the first months of life (Rubin et al., 1949; Edelmann, 1970). Studies on the development of the nephron filtration rate in
the growing rat reveal a progressive increase in the glomerular capillary
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ultrafiltration coefficient (Tucker & Blantz, 1977; Ichikawa et al., 1979).
An enlarging surface area contributes to the rise in this coefficient which
accompanies maturational growth. The role of a possible increase in intrinsic
hydraulic permeability of the capillary wall remains hypothetical. Arturson
et al. (1971) found in man that in the first three years of life, especially
before the age of three months, the clearance of dextrans of various molecular size increases with age and is extended to higher molecular weight classes. These investigators explained their findings by an increase of the pore
radii of the glomerular membrane. Tubular basement membranes may contribute
to maintenance of the transglomerular hydraulic pressure difference by their
strong and elastic mechanical support to the epithelium (Welling & Welling,
1978).
The age-dependent changes in the renal basement membranes observed here
may be of significance to the changing filtration properties of the kidney.
Variations in the content of hydroxylysine, carbohydrates and charged components in basement membranes will influence functions such as mechanical
support, hydraulic conductivity, and size- and charge-selective properties
of these extracellular matrices. For a better understanding of these phenomena
more knowledge about the structural organization of renal basement membranes
is necessary. It would be interesting to follow the glycosaminoglycan content
of the basement membrane with age, as these polysaccharides recently found in
the glomerular basement membrane (Kanwar & Farquhar, 1979a;Kanwar & Farquhar,
1979b; Levine & Spiro, 1979; Kanwar et al., 1980) may contribute more to the
important charge-selective characteristics of the membrane than the collagenous and non-collagenous glycoproteins.
Since in young children age-dependent changes will cause great variations
in chemical composition, studies on disturbances in basement membranes associated with renal disease must be accompanied by an appropriate series of
age-related controls. In the next investigation (Chapter 5) we use the results
on persons of the most appropriate age for the formation of control groups
for comparison with data on specific patients.

4.5. SUMMARY

Pairs of glomerular and tubular basement membrane preparations were ob-
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tained from kidneys of men of premature age up to 80 years. Purity of preparations was established with light and electron microscopy and by estimating
total phosphorus content. Amino acid and carbohydrate composition were determined and statistically evaluated for 33-38 preparations divided over five
age groups.
Comparison of glomerular and tubular basement membranes from the same
kidneys showed that regardless of age glomerular basement membranes contain
more 3-hydroxyproline and more of the heteropolysaccharide constituents, neuraminic acids and mannose. These differences cannot solely be ascribed to the
presence of a minor amount of interstitial collagen.
The chemical composition of the two types of basement membranes changes
with age. For the first few years after birth the contents of glycine and total
imino acids increase and those of collagen-non specific amino acids decrease,
whereas constituents of the heteropolysaccharide units do not change markedly.
These results suggest that proportions of collagenous and non-collagenous
peptide moieties gradually change with age in both glomerular and tubular basement membranes. In addition, the extent of hydroxylation of proline and lysine
increases significantly with age, reaching an adult level for glomerular basement membranes after 4-7 months of age and for tubular basement membranes during late childhood. The contents of glucose and galactose rise with age to an
extent comparable with that of hydroxylysine. The age-related changes in basement membrane composition may influence functional properties of these extracellular renal structures.
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CHAPTER

5

VARIATIONS IN CHEMICAL COMPOSITION OF RENAL BASEMENT MEMBRANES IN FOUR
DIFFERENT PATHOLOGICAL CASES

5.1. INTRODUCTION

Basement membranes of the nephron have the two important functions of
filtration and support. The glomerular basement membrane is a charge- and sizeselective barrier to macromolecules of plasma (Venkatachalam & Rennke, 1977;
Farquhar, 1978; Bohrer et al., 1979; Robertson, 1980; Kamvar et al., 1980).
The tubular basement membrane lends strong and elastic mecnanical support to
the tubular wall (Welling & Welling, 1978) and may, therefore, also play some
role in the maintenance of the transglomerular hydraulic pressure difference.
In a number of pathological conditions, where kidneys are involved, renal
basement membrane function may be altered. The massive proteinuria occurring
in the congenital nephrotic syndrome is probably due to a defect in the glomerular filter (Huttunen et al., 1980). Chemico-analytical studies of the glomerular basement membranes in two histological types of this disease have already
been described (Mahieu et al., 1976; Tryggvason, 1977). Activities of prolyl
3-hydroxylase, prolyl 4-hydrox>lase, lysyl hydrox>lase, galactosyl transferase
and glucosyl transferase were not significantly altered in kidney cortex of
patients with the Finnish type of this disease (Tryggvason et al., 1978).
For renal cystic disease different causes have been suggested. Recently
some support was provided to the hypothesis, that partial tubular obstruction
due to polyploid hyperplasia participates in cyst formation (Evan & Gardner,
1979). Carone et al. (1974) propose a defect in the elastic characteristics of
the tubular basement membranes. Most cysts in the human adult polycystic kidneys show an abnormal basement membrane on electron microscopy (Cuppage et al.,
1980; Milutinovic et al., 1980). Renal cysts are also present in some other
hereditary diseases. In the Finnish type of congenital nephrotic syndrome small
cysts are characteristically present in the proximal tubules (llallman et al.,
1970; Habib & Bois, 1973; Kaplan et al., 1974). In the Zellweger syndrome
glomerular and tubular cysts are also present (Gilchrist et al., 1976).
In diabetes mellitus, the amount of glomerular and tubular basement mem-
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brane is increased (Obterby & Gunderson, 1979; Vracko, 1978). In search of
structural alterations in these membranes, divergent results were obtained
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various investigations on the chemical composition (Ileiswenger & Spiro, 1970
& 1973; Kefalides, 1974; Sato et al., 1975b; Westberg, 1976; Canivet et al.,
1979). The accumulation of glomerular basement membrane material in diabetes
may be due to an accelerated rate of synthesis as a consequence of hypergly
cemia (Fox et al., 1977; Brownlee & Spiro, 1979).
In this chapter, the chemical composition of glomerular and tubular base
ment membranes is reported of four different patients suffering from Zellweger
syndrome, from congenital nephrotic syndrome, from polycystic renal disease and
from diabetes mellitus, respectively. The results were compared with the most
representative age-matched controls derived from the study reported in the
previous chapter.

5.2. MATERIALS AND METHODS

5.2.1. Case reports
Case 1. This patient was a boy suffering from Zellweger syndrome (cerebrohepato-renal syndrome). Clinical manifestations in this patient included severe
hypotonia, a characteristic facial appearance with high forehead, abnormal eye
movements, and hepatomegaly. A disturbance in the catabolic pathway of ріресоік
acid was demonstrated (see Trijbels et al., 1979; patient 3 ) . He died at the
age of 5 weeks due to respiratory insufficiency. Light microscopy (Fig.5.1)
showed many small cysts in the renal cortex.
Case 2. This patient was a girl born after normal pregnancy and delivery.
Birth weight was 2370 g. The weight of the placenta was distinctly increased
(600 g ) . Generalized edema was already present at birth. There was no family
history of renal desease. Evidence of prenatal infection was absent (lues,
toxoplasmosis, cytomegalovirus). Hypo-albuminemia was documented 14 g/1. Serum
creatinine was 39 pmol/l. Urinalysis showed 7 g/1 protein and microscopic haematuria. The proteinuria was selective (Ig G clearance/transferrine clearance,
0.05). The mercury excretion in the urine was normal.
Light and electron microscopy and immunofluorescence studies were carried
out by dr. U.J.G.M. van Haelst, dr. J.H. Schuurmans Stekhoven and K.J.M.
Assman (Department of Pathological Anatomy, University of Nijmegen).
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F i g . 5.1.

C a s e I. M a n y small c y s t s a r e present in the subcapsular part of the
k i d n e y . Almost all g l o m e r u l i d e m o n s t r a t e a d i l a t a t i o n of B o w m a n ' s
space. R e m n a n t s of p r i m i t i v e - l o o k i n g g l o m e r u l i are present at the v a s c u l a r p o l e .
T h e tubules are n o r m a l . H a e m a t o x y l i n - e o s i n , χ 140.

F i g . 5.2.

C a s e 2. Two g l o m e r u l i . T h e u p p e r o n e d e m o n s t r a t e s a m a r k e d pro
l i f e r a t i o n of m e s a n g i a l c e l l s , and the lower o n e shows even a
p r o l i f e r a t i o n of epithelial c e l l s . S i l v e r - m e t h e n a m i n e , χ 5 6 0 .

Η2

Fig. 5.3.

Case 2. Part of the capillary wall of a glomerulus. In the right
side of the electron micrograph the glomerular basement membrane
shows thinning and splitting. The foot-processes are markedly fused, χ 12 000.

Diffuse osteosclerosis was present on X-rays, but disappeared in the next
few months. Treatment by prednisone did not induce a remission. Diuretics and
albumin-infusions were given as symptomatic treatment. She had a difficult life
especially as infant due to recurrent periods of diarrhoea, enormous ascites
and occasional septicemia. At the age of 2 years and 4 months a surgical biopsy
was performed. At that time proteinuria was 5 g/24 h. Serum creatinine was
slightly increased (73 pmol/l). Blood pressure was normal. In the next months
the renal function deteriorated rapidly and she died at the age of 2 years and
8 months.
On light microscopy of the surgical biopsy (Fig.5.2) all glomeruli showed
a marked increase of mesangial cells and matrix. In thirty percent of the
glomeruli either little or extensive proliferation of epithelial cells was
seen, mostly in connection with adhesions of the tuft with Bowman's capsules.
The basement membranes of the glomeruli were normal. Fibrosis of the interstitium, in relation with atrophy of the tubules, was present in many parts of
the kidney. The glomeruli situated in the subcapsular zone were sometimes small
and looked immature. With immunofluorescence moderate deposits of Ig M and C3
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Fig. 5.4.

Case 3. Multiple cysts in renal tissue. Haematoxylin-eosin. χ 35.

were demonstrated in many glomeruli, mostly in the capillary walls. On the
ultrastructural level, however, deposits were not observed. Besides minor seg
mental abnormalities, such as thinning or splitting, the basement membranes of
the glomeruli were normal (Fig. 5.3). As with light microscopy there was an
increase of mesangial cells and matrix. The epithelial foot processes were
mostly fused.
Case 3. During routine clinical examination at the age of 21 ye?rs, a male
patient revealed high blood pressure and aortic insufficiency. Further study
showed a renal agenesis at the right side and polycystic disease at the left
side. He died at the age of 24 years due to necrotizing bronchopneumonia,
pleural empyema and septicemia after operation for insertion of an aortic
valve. Cysts were situated both in the medulla and in the cortex, and were
covered with cuboidal or flattened epithelium. In the renal tissue, surround
ing the cysts, a marked fibrosis was sometimes observed (Fig. 5.4). The mother,
two brothers of the mother and the twin brother of this patient were also
suffering from polycystic kidney disease.
Case 4. This male patient died at the age of 62 years due to intracerebral
bleeding. Clinical diabetes and hypertension became manifest five years earlier.
He was treated by Rastinon
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and antihypertensive drugs. Serum creatinine was

normal. Proteinuria amounted initially to 0.6-1 g/24 h and rose to 2 g/24 h.
Light microscopy showed a normal appearance of renal tissue.

5.2.2. Isolation procedures
Isolation of glomeruli and tubules from cortex of diseased kidneys and
preparation of their basement membranes were carried out according to the procedures described in sections 4.2.2 and 2.2.1, respectively. From the kidney
of the patient with polycystic renal disease, cortex and medulla were used for
preparation of glomeruli and tubules, since a clear separation between cortex
and medulla was not obtained.

5.2.3. Chemical analyses
Amino acid, carbohydrate and total phosphorus analyses were carried out
according to the procedures described in section 2.2.

5.2.4. Statistical analysis
The Student's t-test for two samples was two sidedly applied to test the
difference in a component or ratio between basement membranes of a selected
age-matched control group and that of a pathological case. The chemical data
of these selected age-matched groups were obtained by combining preparations
from the previous study (Chapter 4) with the best fitting ages (Table 5.1).

5.3. RESULTS

5.3.1. Preparation of glomeruli, tubules and basement membranes
Isolation of glomeruli and tubules from the pathological kidneys did not
differ from that from other human kidneys (Chapter 4 ) . Purity of the fractions
varied between 91 and 99% in the four pathological cases. Yields of basement
membrane material were comparable to those in normal human kidneys (Table 4.1)
except in the patient with the nephrotic syndrome, where an excessive amount
of glomerular basement membranes was obtained (168 mg dry weight per 100 g
cortex wet weight). From the polycystic kidney two separate isolations of kidney fractions were performed (A and 3 ) .
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TABLE

5. 1

PATHOLOGICAL CASES AHD COMPOSITION OF AGE-MATCHED CONTROL GROUPS USED FOR
ISOLATION

Case

Disease

Age

GBM

Sex

number

η

Age-range

TBM
Mean age

η

Age-range
-

Mean age

1

Z.S.

0.1

m

4

0.I- 0.2

0.1

-

2

C.N.S.

2.8

f

4

1.2-4.7

2.8

3

3

P.R.D.

24

m

10

32

-61

46

10

32

-61

46

4

D.M.

62

m

5

55

-72

63

5

55

-72

63

1.2-3.6

3.2

tt Z.S., Zellweger syndrome; C.N.S., Congenital nephrotic syndrome; P.R.D.,
polycystic renal disease; D.M., diabetes mellitus.
ò Ages are given in years; m, male; f, female; n, number of preparations.

Fig. 5.5.

86

Case 3. Preparation of tubular basement membranes, χ 6000.

Fig. 5.6.

Case 2. Scanning electron micrograph showing the spherical form of
a glomerulus, detached of cells by detergent treatment, a χ 600,

b χ 2500.

The tubular basement membrane preparation A of the polycystic kidney was
studied by electron microscopy (Fig. 5.5). The basement membranes showed a
single-layered aspect. The preparation appeared to be free of cellular material
and to contain a minor amount of fibrillar collagen. Some glomerular basement
membrane material from the nephrotic kidneys was prepared for scanning electron
microscopy according to a new procedure (Lutke-Schipholt & Stadhouders, 1980)
(Fig. 5.6). Cellular material appeared to be removed and the spherical form of
the glomeruli had been maintained indicating that the detergent treatment does
not appreciably affect the anatomical histoarchitecture of the glomerular base
ment membrane.
Total phosphorus content appeared to be lower than 0.09% (w/w) in the
basement membrane preparations of the nephrotic, polycystic and diabetic cases.

5.3.2. Chemical composition of basement membranes
The amino acid and carbohydrate composition of the renal basement membranes
from the four different patients are given in Table 5.2. With the glomerular and
tubular basement membrane from the polycystic kidney two samples of preparation
A were hydrolysed for amino acid and carbohydrate analyses; one sample of
glomerular and
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TABLE

5.2

CHEMICAL COMPOSITION OF GLOMERULAR AND TUBULAR BASEMENT MEMBRANES IN FOUR
PATHOLOGICAL CASES

Case number

2

1

Type of basement
membrane

3

GBM

GBM

TBM

GBM

3
57
73
37
46
98
67
202
61
20
43
11
34
64
18
30
33
26
24
50

6
54
74
36
47
98
77
196
67
27
41
8
30
62
19
30
32
23
26
47

5
52
74
38
55
100
71
189
69
5
46
5
35
66
22
31
32
21
39
46

9
71
74
35
50
89
69
223
62
15
37
6
30
61
16
28
31
29
22
43

4
TBM

GBM

TBM

8
69
75
34
48
90
69
216
61
12
41
6
31
60
18
30
28
29
29
46

10
79
62
31
41
99
70
213
77
20
32
9
30
62
14
24
22
33
18
53

4
62
72
41
50
97
60
205
79
22
39
10
34
62
14
31
23
29
23
40

Amino acid
3-Hydroxyproline
4-Hydroxyproline
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxylysine
Lysine
Arginine
Carbohydrate
Fucose
Mannose
Galactose
Glucose
Glucose a
,
Hexosamines
Neuraminic acids
Glucose
——-.
= 1
Hydroxylysine

1.0
3.8

0.9
3.7

0.6
3.0

1.0
3.6

1.0
3.1

1.0
4.3

1.0
3.0

16.0
14.8
13.8
n.a. b

14.6
12.3
11.6

11.1
12.2
10.0

18.2
16.9
16.4

17.9
17.2
14.7

22.4
22.3
19.8

19.8
19.8
17.7

4.5
2.3

2.2
1.3

3.1
2.2

2.6
1.3

5.6
2.2

4.3
1.3

0.69

0.79

0.77

0.82

0.91

0.99

2.0

. _ oc
ratio 0.85

Amino acids in residues per 1000 amino acid residues, carbohydrates in pmol
per 100 mg basement membrane dry weight.
a. Enzymatically determined; b Not analysed.

88

TABLE

5.3

APPARENT CHANGES IN CHEMICAL COMPOSITION OF RENAL BASEMENT MEMBRANES IN FOUR
PATHOLOGICAL CASES

Pathology

Glomerular basement membrane

Tubular basement membrane

Zellweger
syndrome

t Hyl/Gly

not prepared

f Valine, tt Tyrosine

Congenital
nephrotic
syndrome
Polycystic
renal
disease

|
t

Threonine, it Serine

|| Hyl/Hyl + Lys

Diabetes
mellitus

4-Hyp/4-Hyp + Pro

f Histidine, ft Lysine
| Hyl/Hyl + Lys
f Threonine
| З-Нур+А-Нур/З-Нур+4-Hyp+Pro

Arrows in upward (downward) direction indicate a significantly higher (lower)
content or ratio compared to the control group of Table 5.1. Single arrow,
significant at 5% level; double arrow, significant at 1% level.

tubular basement membrane preparations В was hydrolysed for these
analyses. These triplicate analyses of "polycystic" basement membranes result
ed in low variation coefficients for the values of all chemical components
(6% or lower), except for methionine and half-cystine. All preparations of the
different pathological cases bear the general characteristics for renal base
ment membrane composition (compare with Tables 4.2-4.5). The differences be
tween glomerular and tubular basement membranes found in the normal kidneys
(viz contents of 3-hydroxyproline, mannose and neuraminic acids) are also
present in the pathological cases.
In the four patients studied the significant changes in chemical compo
sition of the renal basement membranes (Table 5.3) were the following:
Zellweger syndrome; the ratio between hydroxylysine and glycine was high
er (0.13 compared to 0.09 +0.01 in the control group, ρ < 0.05).
Congenital nephrotic syndrome; in the tubular basement membrane contents
of valine (46 residues per 1000 amino acid residues compared to 35 +^0.5, ρ
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< 0.01) and tyrosine (22 compared to 14 +_ 0.9, ρ < 0.01) were higher, while
the ratio between 4-hydroxyproline and 4-hydroxyproline plus proline was lower
(0.42 compared to 0.50 + 0.01, ρ < 0.01).
Polycystic renal disease; in the glomerular basement membrane contents
of threonine (35 compared to 32 +_ 1.3, ρ < 0.05) and serine (50 compared to
40 +_ 2.2, ρ < 0.01) were higher, while the ratio between hydroxylysine and
hydroxylysine plus lysine was lower (0.56 compared to 0.63 +_ 0.02, ρ < 0.01).
In the tubular basement membrane contents of histidine (28 compared to 22 +
1.7, ρ < 0.01) and lysine (29 compared to 20 +_ 2.7, ρ < 0.01) were augmented,
while the ratio between hydroxylysine and hydroxylysine plus lysine was re
duced (0.50 compared to 0.63 +_ 0.04, ρ < 0.01).
Diabetes mellitus; in the tubular basement membrane the content of threo
nine (41 compared to 32 +_ 1.8, ρ < 0.01) was increased, while the ratio between
hydroxylated imino acids and total imino acids was lowered (0.53 compared to
0.57 + 0.01 , ρ < 0.01).

5.4. DISCUSSION

This study is the first in which pathological basement membranes were
used obtained by detergent treatment, an isolation technique that has now
been generally accepted as a very appropriate method for preparing basement
membranes (First International Symposium on the Glomerular Basement Membrane,
Vienna, 1980).
The cerebro-hepato-renal syndrome of Zellweger is a hereditary metabolic
disorder, which is characterized by defects in pipecolic acid metabolism
(Danks et al., 1975; Trijbels et al., 1979), mitochondrial electron transport
system (Goldfischer et al., 1973) and bile acid synthesis (Hanson et al.,
1979; Monnens et al., 1980). Whether a toxic product from such metabolic dis
turbances causes the formation of the capsular and tubular cysts in this dis
ease (Bowen et al., 1965; Smith et al., 1965; Danks et al., 1975) is unclear,
but some drugs could induce renal cysts in experimental animals (Carone et
al., 1974). Our study is the first case, in which glomerular basement membrane
composition in this disease entity has been investigated. The increased hy
droxylysine to glycine ratio may be correlated Ό

an enhanced hydroxylation

of lysine. The extent of hydroxylation of proline seems to be normal.
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In contrast to the results in our case, the glomerular basement membranes
exhibited an increased number of 3- and 4-hydroxyprolyl and hydroxylysyl residues and an increased content of glucosylgalactosylhydroxylysyl units in three
other children presenting with congenital nephrotic syndrome (Mahieu et al.,
1976). The results in the Finnish type of congenital nephrotic syndrome
(Tryggvason, 1977) are difficult to interprete because of lack of age-related
controls. Good series of age-matched controls are required in such studies
since during the first years of life variations in chemical composition of
renal basement membranes are marked (Chapter 4 ) . In the present study, tubular
basement membranes from the nephrotic kidney showed an increase of the collagen
non-specific amino acids valine and threonine and a decrease in the ratio of
4-hydroxyproline to the sum of 4-hydroxyproline and proline.
This is the first report about the chemical composition of basement membranes in a case of adult polycystic renal disease. In the glomerular and
tubular basement membranes we noted a lower extent of hydroxylation of lysine.
Together with the higher amounts of some collagen-non specific amino acids
and the normal ratios found for hydroxylated lysine or prolines to glycine
(ratios not shown) these changes suggest a lower collagen content in these
membranes. Chanard et al. (1980) recently reported, that in urine the 3hydroxyproline concentration and the ratio between 3-hydroxyproline and 4hydroxyproline was increased in 9 patients suffering from polycystic renal
disease.
In studies of diabetic renal basement membranes of man, some investigators
have noted a higher content of the amino acids characteristic for collagen
(Beisswenger & Spiro, 1970; Beisswenger & Spiro, 1973; Canivet et al., 1979).
This could not be confirmed in four other studies (Westberg & Michael, 1973;
Kefalides, 1974; Sato et al., 1975b; Westberg 1976). These latter groups and
the group of Canivet noted, however, a lower content of half-cystine and sialic
acids in the diabetic kidneys. These contradictory results may, however, relate
to the quality of the preparations, which in all studies mentioned were isolated with the sonication method. The duration of sonication influences the
amino acid composition of basement membrane preparations (Kefalides, 1974).
Variable amounts of cellular material may contaminate renal basement membranes,
prepared with this method (Chapter 3 ) . Therefore, diabetic glomeruli with
their increased amounts of basement membrane material may be more pure in comparison to preparations isolated in the same way from normal kidneys. Although
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this may relate to the relatively short period of diabetes in our patient,
in the present study no indication was found for an increased collagen content
in the diabetic basement membrane.
Since pathological kidneys at autopsy are usually in end stage of disease,
it may have much more sense to study renal basement membrane chemistry in
surgical biopsies as

carried out by Mahieu et al. (1976). Although some vari-

ations were found in the chemical composition of the renal basement membranes
in our patients, no general conclusions can be drawn on these single cases.

5.5. SUMMARY

Glomerular and tubular basement membranes were obtained with a well established detergent procedure from kidneys of three different patients suffering from congenital nephrotic syndrome, polycystic renal disease and diabetes
mellitus, respectively. In addition, glomerular basement membrane was isolated
from kidneys of a patient with Zellweger syndrome. Purity of preparations was
evaluated by light microscopy and phosphorus assay and, for "polycystic"
tubular basement membrane by electron microscopy.
Amino acid and carbohydrate composition of the basement membranes from
the pathological kidneys showed some differences with preparations of the best
fitting age-matched controls of Chapter 4. Since this investigation included
only single cases no conclusions could be drawn from the results obtained.

f*
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CHAPTER

6

CHEMICAL CHARACTERIZATION OF GLOMERULAR AND TUBULAR BASEMENT MEMBRANES OF
VARIOUS MAMMALIAN SPECIES

6.1. INTRODUCTION

Much work has been done on renal basement membranes, which were isolated
by an ultrasonic treatment during 4-20 min (Krakower & Greenspon, 1951; Spiro,
1967; Westberg & Michael, 1970; Mahieu & rfinand, 1970; Ferwerda et al., 1974;
Krisko et al., 1977). Other isolation methods have been developed in which use
of detergents led to dispersion of lipoprotein membranes, but did not destroy
basement membranes (Nagano et al., 1975; Meezan et al., 1975; Ligler et al.,
1977). The latter technique had advantages over the sonication procedure. The
anatomical shape of the basement membrane persists in a detergent treatment
while sonication disrupts it (Ligler et al., 1977; Carlson et al., 1978; Kanwar
& Farquhar, 1979). In contrast to sodium deoxycholate treatment, sonication
affects the staining properties of the anionic binding sites with light and
electron microscopy (Michael et al., 1970; Kanwar & Farquhar, 1979). Finally,
chemical and ultrastructural studies show a purer preparation of bovine renal
basement membranes after detergent treatment than after sonication (Langeveld
et al., 1978; Chapter 3 ) .
Renal basement membranes have been isolated from a number of animal species, but there are few comparative studies in which the same isolation procedure and analytical techniques are used for preparations from more than one
species (Kefalides, 1970; Sachot et al., 1975). Furthermore, the glomerular
basement membrane is usually examined (Spiro, 1967a; Westberg & Michael, 1970;
Hoyer & Spiro, 1978), while the study of the tubular basement membrane is only
carried out in a few cases (Mahieu & »iinand, 1970; Ferwerda et al., 1974; Sato
et al., 1975a; Krisko et al., 1977; Ligler et al., 1977; Langeveld et al.,
1978; Munakata et al., 1978; Carlson et al., 1978; Butkowski et al., 1979).
These two types of basement membranes have never been compared within individual animals.
Earlier we isolated glomerular and tubular basement membranes of cattle
of different ages and analyzed their composition (Langeveld et al., 1978;

93

Chapter 3 ) . In this study we prepared glomerular and tubular basement membranes
from the renal cortex of adult individuals of seven mammalian species, including man. Glomeruli and tubules were obtained separately from the same cortex
by a sieving procedure. The basement membranes were isolated by treatment with
the detergent sodium deoxycholate. The chemical composition of glomerular and
tubular basement membranes is compared within each species and that of the same
type of basement membrane between different species.

6.2. MATERIALS AND METHODS

6.2.1. Kidneys
Macroscopically normal kidneys of men (Homo iapÁ.e.ni)

were obtained at

autopsies within 16 h after death from persons aging 30 to 60 years who did
not show symptoms of renal pathology. All animal kidneys used are from healthy
adult individuals. Kidneys of cattle (Boi tauAui)
(Sui

ІСЛО^а)

and Shetland ponies (Equui

cabalZui)

, sheep (OvLi

( и-ОЛ) , pigs

were collected at local

slaughterhouses. Kidneys of male Wistar rats (Ra£ia4 nofiyiZQ-icubb) weighing around
200 g and of female white New Zealand rabbit (Oli/cío^agoi cuniculiii)

weighing

around 2.5 kg were pooled within 30 min of death. Kidneys were weighed without
calyces and stored at -80

С until use. Kidney weights of the different species

are given in Table 6.1.

6.2.2. Isolation of glomeruli and tubules
All procedures were carried out at 0-4

C. During isolation of glomeruli

and tubules the tissue was kept in 0.15 M NaCl. For the isolation procedure
kidneys from 3 sheep, 30 rats or 25 rabbits were pooled, but with man, horse,
cattle and pig, kidneys from only one individual were used. The organs were
sliced and the cortex was separated and weighed. A scheme for the isolation
procedure of glomeruli and tubules from kidneys of the different mammalian
species is shown in Fig. 6.1. Samples for light microscopy were taken from all
sieves. Forcing of 20 to A0 g of kidney cortex was carried out on a sieve of
which the mesh size was adapted to the species under investigation. While the
tissue is mashed through the sieve 0.15 M NaCl wai continuously flushed through
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TABLE

6. 1

KIDNEY WEIGHT, PURITY OF GLOMERULAR AND TUBULAR PREPARATIONS AND YIELD OF
BASEMENT MEMBRANES

Animal

Kidney

Purity

species

weight

Cattle

475

+75

93- 96

Pig

131

+ 12

Sheep

86

Horse

Man

Glomeruli

Yield

Tubules

GBM

TBM

94-100

5 ( 2- 6)

24 (13-50)

90- 98

95-100

3 ( 1- 7)

24 ( 6-45)

+ 17

93- 97

95- 98

6 ( 4-10)

14 ( 8-23)

247

+ 13

95- 99

97- 99

29 (10-51)

6 ( 2-18)

132

+ 24

95-100

95-100

46 ( 9-84)

29 ( 8-57)

Rabbit

7. 9 + 0.7

-

92- 96

Rat

0.96+ 0. 09

96- 99

85- 90

11 ( 9-13)

9 ( 4-16)
13 ( 6-18)

Kidney weight is given as means + SD in g wet weight. Values of purity are
given as ranges in percents of total number of counted particles. Values of
yield (mg dry weight/100 g cortex wet weight) are given as means and between
parentheses as ranges. The number of preparations is given in Tables 6.2 and
6.3.

without force. The resulting filtrate was sieved over a series of sieves of
which the pore size varied from 300 to 38 ¡jm. Quite pure glomerular preparations were always obtained from human, equine and rat kidneys. Impure glomerular preparations of bovine, porcine and ovine kidneys were forced on a sieve
with 125 ym openings for bovine and with 105 vm openings for porcine and ovine
material. Afterwards these suspensions were thrice sieved over a series of
sieves with 180 to 106 vm pore size using ample amounts of 0.15 M

NaCl. With

rabbit cortex we could not obtain a pure glomerular preparation. Tubular preparations could be separated in pure form, in the case of man, cattle, pig, sheep
and horse on sieves with smaller pore sizes than those of the sieves from which
glomeruli were obtained. Rabbit tubules were isolated from the sieves with 125
and 106 |jm sieve openings, rat tubules from the sieve with 125 ym sieve openings.
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Fig. 6.1.

Schematic representation of the isolation procedure for kidney
tubules and glomeruli from various mammalian species. Sieve open
ings are expressed as um. Sieves used for forcing cortex tissue and sieves
on which pure preparations or crude fractions for further treatment are re
tained, are indicated under the species. G, pure glomerular fraction; (G),
crude glomerular fraction; T, pure tubular fraction.

6.2.3. Preparation of basement membranes
Basement membranes were isolated from glomeruli and tubules according to
the procedure described in section 2.2.1.

6.2.4. Morphological and chemical investigations
Procedures for light and electron microscopy and for amino acid, carbo
hydrate and total phosphorus analysis are described in section 2.2.

6.2.5. Statistical analysis
Three statistical tests were applied. The Kruskal Wallis к sample rank
test (Kruskal and Wallis, 1952) at the 5% level of significance was used to
investigate whether the values of a chemical component or ratio in glomerular
or tubular basement membrane are dependent on the animal species considered.
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Wilcoxon's two sample test was applied to establish a difference in a component or ratio between pairs of animal species. To take the interdependence
between these tests into account as far as possible, the significance level
was fixed at 1Z. Student's t-test for paired samples at the 57c level was used
to test the mean difference in a component or ratio between glomerular and
tubular basement membrane within the individuals of a species.
Nonparametric tests were selected to reduce the effect of deviating observations, except for the t-test since the sample sizes were too small for
some species to apply its nonparametric counterparts.

6.3. RESULTS

6.3.1. Purity of isolated preparations
All glomerular preparations used were of high purity (Table 6.1, Fig.
6.2 a and c ) . With rabbit it was not possible to get glomerular preparations
purer than 50%. Glomeruli are mostly free of capsules except with man and rat
where we obtained a relative content of 5-13Z capsules of the total number of
glomeruli. Tubular preparations for six species were very pure (Table 6.1, Fig.
6.2 b and d ) . With rat, 10-15% of the tubular fragments contained a glomerulus.
With man, pig and horse many tubules have lost their cellular contents. Empty
tubules can easily be distinguished from capsular fragments with light microscopy at fifty-fold magnification. In general, no capsules could be observed
in the tubular preparations.
Purity of the glomerular and tubular basement membrane preparations was
evaluated by light and electron microscopy and by analysis of total phosphorus
content. With light microscopy there is a total absence of cellular (haematoxylin-positive) material and with electron microscopy (Fig. 6.3) this observation was confirmed. Furthermore, with this last technique a small contamination by interstitial collagen fibres is seen in rat and rabbit tubular
basement membrane preparations (Fig. 6.3 b ) . Tubular basement membranes from
rat have a clearly dentate appearance at one edge in contrast to tubular basement membranes from other species. Total phosphorus content in glomerular and
tubular basement membrane preparations of all animal species is below 0.1%
(w/w). Under the conditions used for isolation of the basement membranes no
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Fig. 6.2.

Light micrographs of some glomerular and tubular preparations, a
and c: glomeruli from pig and horse, respectively; b and d: tubules
from pig and horse, respectively, χ 32

Fig. 6.3.

Electron micrographs of some glomerular and tubular basement mem
brane preparations, a and c: glomerular basement membranes from rat
and sheep, respectively; b and d: tubular basemert membranes from rat and sheep,
respectively. Note in b the dentate appearance at one edge of the membranes
(arrows) and the presence of fibrillar collagen (arrow head), χ 3940
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Fig. 6.4.

Electron micrograph of a glomerular basement membrane preparation
from equine kidney. Mesangial area (M), capillary lumen (L) and
urinary space (U) can easily be recognized. At a number of sites between
urinary space and mesangium the basement membrane shows two electron dense
layers, of which the one at the urinary side (arrows) is flat and the other
at the mesangial side (arrow heads) is wrinkled, χ 5500.
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protease activity could be found using azoalbumine as a substrate. Yields of
glomerular and tubular basement membrane material markedly varied for the differ
ent isolations (Table 6.1).
Occasionally the compartments of the glomerulus could be recognized in
electron micrographs of isolated glomerular basement membrane preparations (Fig.
6.4).

6.3.2. Chemical analyses
The determination of 3-hydroxyproline showed a good linearity between
absorbance at 440 nm and concentration within the range of 100-500 nmol per
ml. Color constants for equimolar amounts of 3-hydroxyproline: 4-hydroxyproline:
proline are 1.00: 0.72: 1.40. The results of the gas chromatographic assay of
glucose and galactose appeared to be in accord with their enzymatically deter
mined content. For comparison both values are given for glucose in Tables 6.2
and 6.3. The values of glucose obtained by gas chromatography were used for
the calculation of the ratios. When time of hydrolysis (30 min to 7 h) and
acid concentration (2 M HCl at 100 0 C or 4 M HCl at 120 0 C ) were varied, it
appeared that the conditions for release of neutral sugars (2.5 h, 2 M HCl at
100

С) were also optimal for hexosamines. Release of neuraminic acids was

maximal after 30 and 60 min at 80

С in 0.1 M H SO,. In the fluorimetrie assay,

excitation and emission spectra were similar for standard N-acetyl-neuraminic
acid and the hydrolysates of both glomerular and tubular basement membranes.

6.3.3. Chemical composition
The total residue weights of the components determined were comparable
for the different basement membrane preparations and amounted to 83 + 2% (w/w,
mean + S.D.) of the starting material. This value and also the values in
Tables 6.2-6.5 are not corrected for water content. It was found that the
preparations bound water to 6% of their weight within 1 h outside of the desic
cator and to 8.2% after 3 h.
The chemical composition and the molar ratios between some important com
ponents are given for glomerular and tubular basement membranes in Tables 6.26.5. The ratio of 4-hydroxyproline to hydroxylysine is characteristic for base
ment membrane collagen (Blumenkrantz & Asboe-Hansen, 1978). The ratio of
glucose to the sum of fucose, mannose, hexosamines and neuraminic acids reflects
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the proportion of the disaccharide of the collagen moiety to the heterosaccharide of the non-collagenous moiety in basement membrane preparations. The
other ratios concern especially the components that are involved in posttranslational processes.
The carbohydrate and amino acid compositions of the glomerular (Tables
6.2 and 6.4, respectively) and tubular basement membranes (Tables 6.3 and
6.5, respectively) of the different species investigated bear the general characteristics of renal basement membranes (Kefalides, 1980). Glycine and imino
acids constitute about 22 and 14%, respectively, of the total number of amino
acid residues. Contents of 3- and 4-hydroxyproline, hydroxylysine and glucose
and galactose are relatively high. The presence of fucose, mannose, hexosamines
and neuraminic acids point to the existence of typical glycoprotein heteropolysaccharide units in these basement membranes. The ratios of glucose to
hydroxylysine indicate that 69 to 86% of the hydroxyl groups of hydroxylysine
is substituted by the disaccharide unit typical for collagenlike polypeptides.
The high glucose to galactose ratios suggest in the case of human glomerular
basement membranes and of tubular basement membranes from all species, that
nearly all galactose is bound in this disaccharide unit.

6.3.4. Comparison of glomerular and tubular basement membranes
Pairs of glomerular and tubular basement membrane preparations from each
isolation procedure were statistically tested per species for differences in
chemical compositions (Tables 6.2 and 6.4, p-columns). A number of significant
differences in chemical composition were found between both types of basement
membranes in various species. This was also the case for some of the selected
ratios but never for that of glucose to hydroxylysine. The ratio of 4-hydroxyproline to hydroxylysine is only significantly higher in rat in tubular,
rather than in glomerular basement membrane. This may be due to the presence
of interstitial collagen in the isolated tubular preparations as found with
electron microscopy. In all species investigated the content of neuraminic
acids of glomerular basement membranes is about twice that of tubular basement
membranes. This could not be due to DNA contamination in the former preparations since with the fluorimetrie assay spectra were the same for both types
of basement membranes and for the standard N-acetylneuraminic acid. Furthermore, no deoxyribose could be found with gas chromatography. The total phos-
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TABLE 6.2
CARBOHYDRATE COMPOSITION OF GLOMERULAR BASEMENT MEMBRANE PREPARATIONS FROM DIFFERENT MAMMALIAN SPECIES
Carbohydrate

Cattle
p

Fucose

1.0+0.3

+

0.9+0.2

Mannose

3.9+0.3

3.7+0.5

Galactose

18.0+1.6

15.3+2.7

Glucose

14.9+1.6

Glucose

13.8+2.2

~
—

(5)

Ρ

~
13.7+2.6 —
13.8+1.5 ~

Hexosamines

6.5+1.5

Neuraminic acids

2.7+0.2

++

2.2+0.5

Glc
Gal

0.83+0.03

—

0.89+0.03

Glc
Fuc+Man+NexN+Neu

1.00+0.06

~

1.12+0.11

Horse

Sheep

Pig
a

(7)

5.4+0.7

Man
Ρ

(10)

0.9+0.3

0.9+0.1

++

0.9+0.1

0.7+0.2

3.8+0.5

4.1+0.5

++

3.6+0.3 ++

3.7+0.5

19.0+1.6

15.8+1.6

+

16.0+1.4

13.4+1.5

15.7+1.0

12.2+1.8

Ρ

Ρ

(3)

Kruskal

Wilcoxon's

Ρ

Wallis
b
test

teat

11

20.2+1.8

17.1+0.6

++

t*

M>H

—
18.7+2.2 —

15.8+0.8

+

N>C,M>P,M>S, M>H

15.1+1.0

++

***
***
**

C>M,S>M,H>M

19.6+2.0

5.6+0.4

6.4+1.2 ++

4.8+0.6

3.0+0.7 ++

2.4+0.2

++

2.0+0.4

0.84+0.02 -

0.85+0.06

—

0.97+0.05

- 1.21+0.08 - 0.98+0.11 —

1.76+0.29

++

Rat

(7)

(5)

4.1+0.7
++

2.4+0.7

- 0.92+0.02
—

1.44+0.16

+

M>C,M>P,M>H

*
***

M>C,M>P,M>S,M>H

***

M>C,M>P,M>S,M>H

Contents (in umol per 100ragdry weight) and ratios are given as means + S.D. The number of preparations is given in parentheses.
Statistical significance is indicated for differences between glomerular and tubular basement membranes in the same species with
Student's t-test for paired samples (P), for presence of differences between the species (Kruskal-Wallis test) and for differ
ences between two species (Wilcoxon's two sample test).
a) -(+): the value in GBM is lower (higher) than that of the same component in IBM; - or + and — or ++ significant at 5% and
\7. level, respectively.
significant at 5%, 1% and 0.1% level, respectively.
and
b)
C) significant differences (1% level) between two species are indicated with initials of the species. For each pair of species
mentioned the species with the highest value of the two is indicated first.
d) enzymatically determined.

TABLE 6.3

CARBOHYDRATE COMPOSITION OF TUBULAR BASEMENT MEMBRANE PREPARATIONS FROM DIFFERENT MAMMALIAN SPECIES

Carbohydrate

Cattle
(7)

Pig
(5)

Sheep
(5)

Horse

Man

(7)

(10)

Rat
(3)

Rabbit

Kruskal

Wilcoxon's

(5)

Wallis

test'1

test
Fucose

0.7+0.1

0.8+0.1

0.7+0.2

0.5+0.1

0.9+0.2

0.6+0.1

3.9+0.6

3.9+0.3

3.4+0.4

2.9+0.6

2.8+0.3

3.6+0.1

Galactose

18.9+2.1

21.7+1.2

18.7+1.8

13.0+2.5

20.6+1.8

12.4+0.6

Glucose

17.9+2.3

19.2+1.6

18.1+1.9

14.4+2.2

20.7+2.0

12.3+0.4

Mannose

1.0+0.1

b

***

»**
3.0+0.2
***
16.2+1.0
1 5.6^2.2 ***
***
16.5+1.2
*
3.7+0.7
**
1.0+0.2

P>H,M>H,Rb>H
C>M,P>M,C>Rb
C>H(P>H,S>H,M>H,M>Rb
P>H,M>H,M>Rb
P>H,C>H,S>H,M>H,M>C,M>Rb

17.4+1.4

19.7+0.7

18.4+1.9

12.3+3.4

20.0+1.2

11.6^0.6

Hexosamines

4.9+1.0

4.5+0.3

4.6+0.8

4.2+0.4

4.3+0.6

3.2+0.6

Neuraminic acids

1.0+0.1

0.9+0.1

1.3+0.1

0.9+0.2

1.1+0.2

1.5+0.2

Glc
Gal

0.95+0.05

0.89+0.06

0.97+0.08

1.11+0.08

1.00+0.03

1.00+0.04

0.96+0.08

**

H>C)H>P,M>P,H>M

Glc
Fuc+Man+IIexN+Neu

1.44+0.40

1 .91+0.16

1.85+0.33

1.70+0.26

2.31+0.26

1.41+0.13

1.83+0.18

*«*

M>C,M>H

Glucose

S>H

Contents (in ymol per 100 mg dry weight) and ratios are given as means +_ S.D. The number of preparations is given in parentheses.
Statistical significance is indicated for presence of differences between the species (Kruskal-Wallis test) and for differences
between two species (Wilcoxon's two sample test).
b), c) and d): Footnotes are explained in Table 6.2.

TABLE 6.4
AMINO ACID COMPOSITION OF GLOMERULAR BASEMENT MEMBRANE PREPARATIONS FROM DIFFERENT MAMMALIAN SPECIES
Amino Acid

3-Hydroxyproline
4-Hydroxyproline
Aspar tic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxylysine
Lysine
Arginine
З-Нур+4-Нур+Рго
Hyl+Lys
З-Нур/4-Нур
3-Hyp+4-Hyp/3-Hyp+4-Hyp+Pro
Hyl/Hyl+Lys
4-Hyp/Hyl
Glc/Hyl

Cattle
I
(7) Ρ'

Pig
(5)

8+ 3
9+ 3
64+10 60+11
65+ 9
72+ 4
40+ 5
35+ 7
52+ 5
49+ 2
94+ 4
93+ 5
68+ 4 ++ 65+ 6
209+15
235+1!
66+ 4
61+ 3
24+ 7
23+ 6
35+ 2
40+ 4
11+ 4
9+ 4
28+ 1
28+ 3
63+ 2
62+ 2 16+ 3
20+ I
30+ 2
29+ 2
21+ 6
19+ 4
26+ 2
27+ 2
26+ 2
20+ 2
45+ 5
51+3
141+15
133+15
47+ 3
52+ 4

Ρ

Sheep
(5)

8+ 2
60+ 6
+
71+ 2
41+ 3
+
54+ 2
99+ 7
+
62+ 4
- 220+11
60+ 5
18+ 5
++ 36+ 3
12+ 3
28+ 1
66+ 4
19+ 1
30+ 1
19+ 4
- 28+ 2
24+ 2
++ 45+ 4
130+9
52+ 2

0.14+0.04 0 .14+0.06
0.51+0.04--0 .51+0.030.57+0.03 0 .49+0.032.36+0.40 2 .36+0.54
0.79+0.10 0.75+0.20

Ρ

-

-

0 .14+0.02
0 .52+0.04
0 .54+0.03
2 .15+0.32
0 .80+0.13

Horse
(7)
6+ 2
53+ 8
82+10
42+ 2
48+ 2
103+ 9
63+ 2
201+18
59+ 7
26+ 4
39+ 4
10+3
29+ 2
63+ 1
18+ 1
30+ 1
30+ 3
23+ 3
26+ 4
47+ 5
122+ 9
49+ 3

Ρ
+
+

+

+

Man
(10)
11+2
78+11
68+ 9
32+ 1
40+ 2
87+ 5
65+ 8
233+21

Ρ

Rat
(3)

Ρ

+н

6+ 2
64+ 7
76+ 8
+
37+ 2
45+ 3 +
87+11
61+ 4
221+ 9
67+ 7
71 + 10
22+ 7
20+ 4
34+ 3
40+ 1
7+ 3
11+ 3
30+ 2
25+ 2
60+ 3 +
58+ 3 +
16+ 1
15+ 1
28+ 1 27+ 1 +
34+ 7
26+ 4 +
32+ 3 28+ 2
19+ 2
28+ 5
43+ 3 ++ 48+ 4
131+12
154+20
52+ 4
55+ 5

0.10+0.02 0.14+0.02++0 .10+0.02
0.48+0.04--0.58+0.02 0 .53+0.02
0.47+0.07 0.63+0.02 0 .51+0.06
2.33+0.30 2.44+0.48 2 .28+0.120.80+0.11 0.83+0.12 0 .74+0.01

Kruskal
Wallis
testb

**
**
44

***
***
t*

**
*

Wilcoxon's
test^
M>H
M>H
H>C,H>S,H>M
P>M,H>M
P>M,S>H,H>M, C>M,S>M
H>M
C>P,C>H,M>H

**
**
***
*
**·
*»*
***
*

H>M
P>M,S>M,H>M

*

H>C,H>P,H>S
M>C,M>P,M>H
P>C,P>M,S>M,H>M
P>M
H>M

*
*»»
***

M>H
M>C,M>P,M>H
C>P,M>C,M>P,,M>S,M>H

Contents (in residues per 1000 amino acid residues) and ratios are given as means + S.D. The number of preparations is given
in parentheses. Statistical significance is indicated for differences between glomerular and tubular basement membranes in the
same species with Student's t-test for paired samples (P), for presence of differences between the species (Kruskal-Wallis
test) and for differences between two species (Wilcoxon's two sample test).
a), b) and c): Footnotes are explained in Table 6.2.

TABLE 6.5

AMINO ACID COMPOSITION OF TUBULAR BASEMENT MEMBRANE PREPARATIONS FROM DIFFERENT MAMMALIAN SPECIES
Amino acid

Cattle

(7)
3-Hydroxypro1 ine
4-Hydroxyproline
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Half-cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Hydroxylysine
Lysine
Arginine
З-Нур+4-Hyp+Pro
Hyl+Lys
З-Нур/4-Нур
3-Hyp+4-Hyp/3-Hyp+4-Hyp+Pro
Hyl/Hyl+Lys
4-Hyp/Hyl
Glc/Hyl

9+ 1
73+ 5
65+ 4
36+ 3
47+ 6
92+ 8
62+ 5
238+14
57+ 4
21+ 4
37+ 3
13+ 4
29+ 1
62+ 2
16+ 3
31+ 1
20+ 6
29+ 2
20+ 2
42+ 3
144+ 6
50+ 3
0.12+0.02
0.57+0.02
0.59+0.03
2.50+0.25
0.80+0.12

Pig
(5)
8+ 1
71+ 9
67+ 2
36+ 4
48+ 3
91+ 3
59+ 2
232+19
64+ 7
20+ 3
36+ 4
10+ 4
28+ 2
62+ 2
18+ 2
31+ 2
19+ 6
35+ 2
22+ 5
42+ 2
138+10
57+ 4
0.12+0.02
0.58+0.02
0.61+0.06
2.05+0.31
0.76+0.11

Sheep

Horse

Man

(5)

(7)

(10)

6+ 2
60+16
74+10
36+ 5
48+ 4
101+10
62+ 6
219+19
68+ 7
20+ 2
38+ 5
8+ 2
30+ 2
61+ 5
18+ 3
30+ 2
28+ 4
24+ 4
26+ 4
42+ 4
128+24
51+ 3

9+ 2
83+10
66+ 8
33+ 2
43+ 3
89+ 7
68+ 7
230+19
68+ 5
17+ 4
35+ 4
9+ 3
31+ 2
58+ 4
16+ 2
30+ 3
22+ 2
34+ 3
20+ 3
40+ 3
160+17
54+ 4

11+
76+
67+
37+
51+
95+
58+
228+
60+
17+
35+
11+
28+
64+
17+
30+
18+
32+
23+
43+
145+
55+

2
9
2
)
3
7
6
9
2
7
2
3
1
2
1
2
8
3
3
2
6
3

0.15+0.02
0.60+0.05
0.58+0.05
2.38+0.22
0.78+0.07

0.10+0.01
0.51+0.05
0.48+0.08
2.43+0.39
0.86+0.14

0.10+0.02
0.57+0.02
0.63+0.03
2.46+0.43
0.82+0.12

Rat
(3)

Rabbit
(5)

6+ 1
71+ 8
71 + 10
32+ 1
41+ 2
92+10
73+ 7
240+ 4
83+ 3

7+ 1
71 + 12
62+ 4
34+ 3
48+ 2
90+ 5
68+ 5
250+ 8
77+ 7
22+ 3
31+ 3
7+ 3
26+ 1
53+ 4
15+ 1
27+ 2
22+ 2
28+ 2
23+ 3
40+ 4
145+17
51+ 4

37+ 5
6+ 1
25+ 1
52+ 1
15+ 1
25+ 2
27+ 1
23+ 1
31+ 6
50+ 8
150+16
54+ 7
0.08+0.01
0.51+0.01
0.43+0.05
3.06+0.39
0.69+0.05

Kruskal Wilcoxon's
Wallis test'1
Itest 0

0.10+0.01
0.53+0.03
0.55+0.03
2.53+0.50
0.73+0.09

**»

S>H

**

S>M

**
***

Rb>C,M>C,M>S

ORb

***
**

C>Rb,H>Rb,M>Rb
C>Rb

*
*
***
**

C>Rb
H>Rb,H>M
P>C,M>C,P>H,M>H,M>Rb

*
***
**
***

H>M

S>H,S>M

M>H
C>H,M>H,M>Rb

Contents (in residues per 1000 amino acid residues) and ratios are given as means +_ S.D. The number of preparations is given
in parentheses. Statistical significance is indicated for presence of differences between the species (Kruskal-Wallis test)
and for differences between two species (Wilcoxon's two sample test).
b) and c ) : Footnotes are explained in Table 6.2.

phorus content was very low and comparable in both types of membranes. The
higher content of hexosamines and the lower ratio of glucose to galactose in
glomerular basement membranes of most species suggest, together with the higher neuraminic acid content, that these basement membranes possess more heteropolysaccharide components than the tubular basement membranes. This is also
reflected in the ratios of glucose to the sum of fucose, mannose, hexosamines
and neuraminic acids.

6.3.5. Comparison of basement membrane preparations from different species
When the Kruskal-Wallis test was applied to the analytical data we found
significancy for the presence of species-dependent differences with many of
the chemical components of either the glomerular or the tubular basement membrane preparations. Differences between any pair of species were tested with
Wilcoxon's two-sample test. The null hypothesis of no differences has to be
rejected in many instances especially when it concerns groups with a high
number of preparations as is the case with bovine, equine and human material.
Rat basement membranes of which we analysed only three preparations markedly
contributed for some components to the significancies in the Kruskal-Wallis
test.
Marked species-dependent differences are present in the histidine, glucose
and galactose content and the ratio of hydroxylated to non-hydroxylated lysine
and proline residues in both types of membranes. Additionally, in glomerular
basement membranes the contents of aspartic acid, threonine, serine, glycine,
tyrosine and hexosamines show many variations and in the tubular basement membranes the contents of alanine, isoleucine, fucose and mannose. Our data show
that for both types of basement membranes only the ratios of A-hydroxyproline
to hydroxylysine and of glucose to hydroxylysine do not differ significantly
between the species investigated.

6.4. DISCUSSION

Factors such as age and methods of isolation and analysis may cause
systematic variations in the chemical composition of renal basement membrane
preparations (Langeveld et al., 1978; Chapter 3 ) . Therefore, we will only
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compare our results with data from literature as far as they concern comparative studies of renal basement membranes.
The chemical compositions of glomerular and tubular basement membrane
preparations from human kidney cortex was for the first time compared by Mahieu
and vJinand (1970). They found in preparations of glomerular basement membranes
a lower content of 4-hydroxyproline and higher contents of 3-hydroxyproline,
hydroxylys ine, glucose, galactose and neuraminic acids than in those of tubular
basement membranes. These differences may be partially ascribed to considerable
contamination of interstitial collagen fibres in the tubular basement membrane
preparations. Sato et al. (1975a), however, found a good resemblance in chemical composition between the glomerular and tubular basement membranes, the
latter being isolated from the renal medulla. Although these authors didn't
emphasize it, the content of neuraminic acids and to a lesser degree of mannose
and hexosamines, were markedly higher in glomerular than in tubular basement
membranes, like in our preparations from renal cortex of man. In a previous investigation (Langeveld et al., 1978; Chapter 3) we found that the two types of
basement membranes of adult cattle differed in their glucose to galactose ratio.
The comparison of these basement membranes as pairs from individual animals
shows in the present study, that the glomerular basement membrane also contains
a significantly higher concentration of proline and neuraminic acids and a
lower degree of hydroxylation of proline than the tubular basement membrane.
Munakata et al. (1978) reported that the porcine glomerular membrane contained
a lower content of hydrox/lysine than the tubular counterpart. Besides this
difference we also noticed significant variations for other components between
glomerular and tubular basement membranes of pig (Tables 6.2 and 6.4). With
rat, Krisko et al. (1977) found that glomerular basement membrane preparations
contained less 3- and 4-hydroxyproline, glycine and hydroxylysine and more halfcystine than tubular basement membranes. Our results show, that rat glomerular
basement membranes contained significantly more serine, leucine, phenylalanine,
galactose, glucose and neuraminic acids than the tubular basement membranes.
Renal basement membrane preparations from different species have simultaneously been investigated in a few cases and only with glomerular basement
membranes (Kefalides, 1970; Sachot et al., 1975), but no numbers of preparations
or statistical data were enclosed. Species-dependent variations in chemical composition of glomerular basement membranes between man, dog, sheep and rat were
reported without specification (Kefalides, 1970). In that study preparations
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from rat contained relatively high amounts of lysine and low amounts of phenylalanine. Although in another investigation (Sachot et al., 1975) glomerular
basement membranes from rabbit, rat and man showed appreciable variations in
contents of glycine, valine, leucine, histidine, hydroxyproline and hydroxylysine, the authors didn't point to it. We did not find a higher concentration
of neuraminic acids in the glomerular basement membrane of rat than in that of
man.
The variations in the heteropolysaccharide composition may be of significance for the differences encountered in immunological behaviour between the
glomerular and tubular basement membranes (Lehman et al., 1974; Graindorge and
Mahieu, 1978; Paul et al., 1979; Rudofsky, 1980) and also for the polarity and
cell-type specificity (Vracko, 1974). Furthermore, the species-dependent difference in amino acid and carbohydrate composition of renal basement membranes may
also bring about the variations reported in their immunological properties
(Pierce and Nakane, 1967; Fish et al., 1979). The isolation of both glomerular
and tubular basement membranes with a high grade of purity from various species
provides possibilities for further investigations on the structure and properties of both types of renal basement membranes.

6.5. SUMMARY

Pairs of glomerular and tubular basement membrane preparations were isolated from kidney cortex of cattle, pig, sheep, horse, man and rat. Tubular
basement membranes were isolated from rabbit kidney cortex. Purity of preparations was established with light and electron microscopy and by estimating
total phosphorus content.
Marked species-dependent variations were found for the following components
and ratios: with glomerular basement membranes for the contents of aspartic
acid, threonine, serine, glycine, tyrosine and hexosamines; with tubular basement membranes for the contents of alanine, isoleucine, fucose and mannose;
with both types of basement membranes for the contents of histidine, glucose
and galactose and the ratios of hydroxylated to nonhydroxylated proline and
lysine residues, but not for the ratio of 4-hydroxyproline to hydroxylysine.
Comparison of glomerular and tubular basement membranes as pairs from individuals shows differences in all species. As a common phenomenon, the
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glomerular basement membrane preparations of the six species contain about
twice as much neuraminic acids and more mannose and hexosamines than their
tubular counterparts. Observed differences may be related to variations in
antigenic properties of the different types of renal basement membranes.

1^^
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CHAPTER

7

SURVEY AND SUMMARY

The glomerular basement membrane has an important role in renal ultrafiltration by its size- and charge-selective properties (Rennke & Venkatachalam,
1977; Bohrer et al., 1978; Kanwar et al., 1980). The function of the tubular
basement membrane is mainly a supportive one (Welling & Welling, 1978). Changes
in the structural organization of these membranes may be involved in certain
renal diseases. Knowledge of these membranes in man is limited and even not
available with respect to the effects of maturation and aging. In the present
investigation basement membranes were isolated from glomeruli and tubules of
the same kidney and chemically characterized in cattle and men of different
ages, in some patients suffering from renal diseases and in adult individuals
of various mammalian species.

7.1. SIMULTANEOUS ISOLATION OF GLOMERULAR AND TUBULAR BASEMENT MEMBRANES

An important part or this thesis is devoted to the evaluation of isolation
methods of glomeruli and tubules and their respective basement membranes from
mammalian kidneys. Two steps are used for simultaneous isolation of glomeruli
and tubules. Firstly, cortical tissue is forced through a relatively coarse
stainless steel sieve. Secondly, a sieving procedure is employed using a series
of sieves in tandem with various pore sizes, the finest lowermost. During the
forcing and sieving step ample amounts of physiologic solution are gently
flushed for an uniform drainage of the material through the sieve(s). The sieve
used for the forcing step has to contain greater pore sizes than the expected
glomerular diameter. In this way disruption of glomeruli and contamination of
tubular fractions on finer sieves can be avoided. While pure tubular fractions
are obtained after the sieving procedure in most instances, glomerular fractions from bovine, porcine and ovine kidneys are still contaminated by tubular
fragments since these tissue particles retained an appreciable length. It is
necessary to force these fractions on a sieve with pore sizes approaching that
of the glomerular diameter, followed again by sieving. Another method (dis-
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continuous Ficoll gradient) improved the purity of glomerular fractions from
kidneys of premature and fullterm newborns (section 4.2.2). For an unknown
reason, however, none of these methods appeared to be useful for rabbit glomeruli.
Basement membranes can be isolated by treating glomeruli or tubules with
ultrasonication or detergents. The sonication method was compared with a method, in which sodiumdeoxycholate is used as detergent on glomeruli and tubules
isolated from bovine kidneys (Chapter 3 ) . The detergent method appeared to be
preferable to the sonication method for various reasons. Light and electron
microscopical observations indicated a complete removal of cellular material
with the detergent method in contrast to with the sonication method. Lipid phosphorus content was much lower in the detergent-treated preparations than in
preparations obtained after ultrasonication. The former preparations show
smaller variations in their chemical composition. Since in addition the detergent method preserves the histoarchitectural organization in the glomerulus
(section 1.1.2.1) this method is subsequently used for the isolation of basement membranes from glomeruli and tubules of cattle and men of different ages,
of adult individuals of five other mairanalian species and of some persons with
diseased kidneys.

7.2. AGE-RELATED CHANGES IN CHEMICAL COMPOSITION OF RENAL BASEMENT MEMBRANES
OF CATTLE AND MAN

With maturation the chemical composition of glomerular and tubular basement membranes changes in cattle (Chapter 3) and man (Chapter 4 ) . In comparison to bovine basement membrane preparations, the collagen content of both
types of basement membranes from human kidneys increases more with age during
the first years after birth as can be concluded from the glycine content. Since
with light and electron microscopy the preparations appeared to be free from
cellular material and phosphorus content was very low, this difference between
the two species cannot be explained by a different extent of contamination from
cellular origin. Electron microscopical observations show also no age-related
contamination by fibrillar collagen. This material was always only present in
minor amounts. Still, for the basement membrane preparations of bovine fetuses
and human neonates, higher molar ratios between 4-hydroxyproline and hydroxy-
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lysine can be calculated than for those of older individuals. Since in basement membrane type IV collagen this molar ratio is lower than in type V collagen and interstitial collagen (Table 1.2), it remains well possible that
collagen type V is present in higher amounts in the preparations from the
youngest age-groups in both species. It may be worthwhile for future investigations to take into consideration probable age-related changes in collagen
type composition.
The extent of hydroxylation of proline and lysine increases with age in
both types of renal basement membranes from both cattle and man. The periods
of life, in which these changes occur are neither the same for the two types
of renal basement membranes nor for the two species. For bovine glomerular
basement membranes the extent of hydroxylation increases between the age of
eighteen weeks and adulthood and for tubular basement membranes between fetal
(5-7 months of gestation) and neonatal animals. In human kidneys the extent
of hydroxylation of proline and lysine reaches an adult level for glomerular
basement membranes after 4-7 months and for tubular basement membranes during
late childhood. It appears, however, that both in cattle and man the extent of
these hydroxylations increases with age independently of collagen content.
Changes in hydroxylysine content may be related to cross-linking of collagenous proteins of the basement membranes. Hydroxylysine-derived cross-links
are known to occur in various basement membranes (Tänzer & Kefalides, 1973;
Heathcote et al., 1980). A relation may exist between the hydroxylysine content and a cross-linking amino acid pyridinoline, which is derived from three
hydroxylysyl residues (Moriguchi & Fujimoto, 1978). Analogous to the growthrelated increase of the pyridinoline content in interstitial collagens (Eyre
& Oguchi, 1980), this cross-link may increase in basement membranes with age
at the expense of the reducible aldimine type of cross-link, derived from two
hydroxylysyl residues.
The observed changes in chemical composition of the human glomerular basement membranes may be related to the age-related increase of the clearance of
neutral dextran molecules in man observed by Arturson et al. (1971). Our results on human basement membranes further confirm an important difference between neonatal and adult glomerular basement membrane composition, which was
presumed from their different immuno-reactive behaviour (Anand et al., 1978;
Lubec et al., 1979). The present study has shown that an appropriate agematched control series is essential for studies on oasement membranes in
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renal disease.

7.3. COMPARISON OF GLOMERULAR AND TUBULAR BASEMENT MEMBRANES

Glomerular and tubular basement membranes were isolated from the same
renal cortex of man and of six mammalian species. Comparison of their chemical
composition reveals that, compared to tubular basement membranes, glomerular
basement membranes contain about twice as much neuraminic acid and also more
sugars known to be constituents of the heteropolysaccharide unit (Spiro, 1978).
This applies not only to the six mammalian species (Chapter 6 ) , but also to the
human and bovine preparations at different ages (Chapter 3 and 4) and to those
from the pathological kidneys (Chapter 5 ) . A consistent finding in the human
basement membranes is the slightly but significantly higher value of 3-hydroxyproline in glomerular basement membranes compared to its tubular counterpart
at all ages (Chapter 4 ) . It remains to be investigated, whether these specific
differences in chemical composition contribute to the immunological differences
between glomerular and tubular basement membranes, reported in literature
(Graindorge & Mahieu, 1978; Paul et al., 1979; Cattran, 1980).

7.4. COMPOSITION OF RENAL BASEMENT MEMBRANES IN VARIOUS MAMMALIAN SPECIES

Good comparative studies on basement membrane composition of various species were lacking before, although basement membranes were investigated in a
number of mammalian species. Renal basement membranes from cattle, pig, sheep,
horse, man, rat and rabbit contain variable but basement membrane-specific molar ratios being

:

4-hydroxyproline to hydroxylysine, 2.1-3.1; 3-

hydroxyproline to 4-hydroxyproline, 0.10-0.14; hydroxylysine to the sum of
hydroxylysine and lysine,0.43-0.63; and glucose to hydroxylysine, 0.69-0.83.
Compared to data in the literature, the basement membrane preparations in
the present investigation generally contain higher amounts of hydroxylated prolines and lysine and lower amounts of fucose, mannose, hexosamine and sialic
acid. This may be ascribed to the higher purity of the preparations obtained
with the detergent method, which appeared to confer less contamination by
cellular material than the usually applied sonication method (Chapter 3 ) .
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Marked species-dependent variations were found for the following components and molar ratios: concerning the glomerular basement membranes for the
contents of threonine, serine, glycine, tyrosine and hexosamine; for the tubular basement membranes the contents of alanine, isoleucine, fucose and mannose;
for both types of basement membranes the contents of histidine, glucose and
galactose and the extent of hydroxylation of proline and lysine. The ratios of
4-hydroxyproline to hydroxylysine and of galactose to hydroxylysine did not
differ significantly between the species.
With preparations isolated according to the methods described in this
study, it will be possible to study the molecular organization and the immunologic properties of renal basement membranes in various mammalian species.

7.5. BASEMENT MEMBRANES OF DISEASED KIDNEYS

Glomerular basement membrane composition has been investigated in a number
of renal diseases. In only one of these studies surgical biopsies have been
used (Mahieu et al., 1976). In the present investigation glomerular and tubular
basement membranes were isolated from autopsy kidneys of four different patients
suffering from Zellweger syndrome, from congenital nephrotic syndrome, from
polycystic kidney disease and from diabetes mellitus, respectively. In the case
of the nephrotic syndrome, the yield of glomerular basement membrane material
was exceedingly high. Since we investigated only single pathological cases it
is difficult to estimate the meaning of the observed differences in chemical
composition between their basement membranes and those from age-matched controls.
Pathological kidneys in end-stage of disease are sclerotic and atrophic.
Such conditions will influence the quality of basement membrane preparations.
It is preferable to study basement membranes in an earlier stage. From this investigation it seems possible to get sufficient basement membrane material for
amino acid analysis from about 3 g of cortex tissue. This will give better
possibilities to detect biochemical alterations in these membranes in kidney
disease. Because of the age-related changes in renal basement membrane composition (Chapter A ) , disturbances in maturation of these membranes must be
taken into consideration. Such a study will get more significance, when antibodies to specific basement membrane components can be used for immunological
tests on biopsies and when serum and urine levels of (degradation products of)
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these components can be estimated. The purer glomerular and tubular basement
membrane preparations isolated according to our methods can be used to get
more specific antisera for these investigations and also to unravel the molecular organization of these membranes.

<

*
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SAMENVATTING

In dit proefschrift zijn methodes uitgewerkt, waarmee glomerulaire en
tubulaire basaalmembranen apart kunnen worden geïsoleerd uit eenzelfde nier.
Analyse methoden voor de aminozuur- en suiker samenstelling werden gestandaardiseerd. Gezocht werd naar een mogelijk leeftijdsafhankelijk effect in die
samenstelling bij het rund en de mens (Hoofdstuk 3 en 4 ) , naar afwijkingen in
die samenstelling bij vier patiënten met verschillende nierafwijkingen (Hoofdstuk 5) en verder naar species verschillen bij zeven zoogdiersoorten incl. de
mens. Eveneens werd de samenstelling van glomerulaire en tubulaire basaalmembranen met elkaar vergeleken (Hoofdstuk 6 ) .
In hoofdstuk 1 is eerst de huidige kennis omtrent de biochemie van basaalmembranen aangegeven. Vervolgens werden van de glomerulaire en tubulaire basaalmembranen de functie, de isolatie en enkele bijzonderheden van hun samenstelling besproken. De litteratuurgegevens werden beschreven betreffende veranderingen in de basaalmembranen met de leeftijd en bij bepaalde nierziekten.
In hoofdstuk 2 werden de materialen en methodes beschreven welke regelmatig gebruikt werden bij dit onderzoek. In hoofdstuk 3 zijn methodes uitgewerkt om glomeruli en tubuli te isoleren uit nieren van foetale, pasgeboren,
jonge (18 weken oud) en volwassen runderen. Vergelijkend onderzoek toonde aan,
dat met een detergens methode uit glomeruli en tubuli zuiverder basaalmembraan preparaten worden verkregen dan met de algemeen gebruikte sonicatie
methode. De detergens methode is daarom toegepast bij alle hierna beschreven
onderzoeken. De zuiverheid van de basaalmembraan preparaten is steeds vastgesteld met licht- en electronmicroscopie en tevens via bepalingen van het fosforgehalte.
Glomerulaire en tubulaire basaalmembraan preparaten van de vier juist
genoemde leeftijdsgroepen bij het rund vertonen een toename met de leeftijd
voor 3-hydroxyproline, 4-hydroxyproline en hydroxylysine. De grootste toename
treedt bij het glomerulaire basaalmembraan op tussen de jonge en de volwassen
groep, maar bij het tubulaire basaalmembraan tussen de foetale en de pasgeboren groep. De verhouding tussen 3- en 4-hydroxyproline neemt aanzienlijk toe
over het bestudeerde leef tijdsinterval. Het totale gehalte aan proline en
hydroxyprolines is bij de volwassen dieren aanzienlijk hoger dan bij de jonge
dieren,terwij1 het totale gehalte aan lysine en hydroxylysine vrij constant
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blijft.
De toename in hydroxylering van lysine gaat gepaard met een overeenkomstige verandering in het glucose en galactose gehalte zodat de verhouding
tussen galactose en

hydroxylysine en tussen glucose en galactose constant

blijft. Het fucose gehalte van beide typen basaalmembraan is gelijk in de vier
leeftijdsgroepen terwijl het gehalte aan aminosuikers en mannose geleidelijk
toeneemt met de leeftijd.
In het in hoofdstuk 4 beschreven onderzoek zijn glomerulaire en tubulaire
basaalmembraan preparaten geïsoleerd uit autopsie nieren van mensen variërend
van premature leeftijd tot 80 jaar. De aminozuur- en suiker samenstelling is
bepaald en statistisch bewerkt voor ruim 70 basaalmembraan preparaten, welke
verdeeld zijn over vijf leeftijdsgroepen.
Vergelijking van glomerulaire en tubulaire basaalmembranen uit dezelfde
nieren toont, dat onafhankelijk van de leeftijd glomerulaire basaalmembranen
van een aantal chemische componenten meer bevatten dan de tubulaire basaalmembranen nl.: 3-hydroxyproline, siaalzuur en mannose.
De chemische samenstelling van de twee typen basaalmembraan verandert ook
bij de mens met de leeftijd. Gedurende de eerste levensjaren neemt het gehalte
aan glycine en de som van proline en hydroxyprolines toe,terwijl dat van de
suikers uit de heteropolysaccharide units niet sterk verandert. De resultaten
suggereren, dat de verhouding van collagene- en niet-collagene peptide gedeeltes geleidelijk verandert met de leeftijd bij zowel glomerulaire als tubulaire
basaalmembranen. Daarnaast is een significante toename van de hydroxyleringsgraad van proline en lysine met de leeftijd te constateren, welke bij het glomerulaire basaalmembraan een volwassen niveau bereikt, 4-7 maanden na de geboorte en bij het tubulaire basaalmembraan tussen 5 en 15 jaar. Het gehalte aan
glucose en galactose neemt in dezelfde mate toe met de leeftijd als dat van
hydroxylysine. Mogelijk hebben deze leeftijdsafhankelijke veranderingen in de
samenstelling van deze membranen invloed op hun functionele eigenschappen in
de nier. Uit deze studie blijkt, dat bij onderzoek aan basaalmembranen uit
pathologische nieren de controle groepen moeten bestaan uit basaalmembraan preparaten van individuen met leeftijden die goed overeenkomen met die van de patiënten.
Glomerulaire en tubulaire basaalmembraan preparaten zijn geïsoleerd uit
de nieren van drie verschillende patiënten lijdende aan, respectievelijk, congenitaal nephrotisch syndroom, polycysteuze nieren en diabetes mellitus (Hoofdstuk 5 ) . Bovendien is uit nieren van een patientje met het syndroom van
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Zellweger glomerulair basaalmembraan geïsoleerd. De aminozuur en suikersamenstelling van deze basaalmembraan preparaten toonde enkele statistisch significante verschillen met controle groepen samengesteld uit individuen met de best
overeenkomende leeftijd uit hoofdstuk 4. Omdat dit onderzoek van ieder van de
vier verschillende ziektebeelden slechts is verricht aan één patient kunnen
geen algemene conclusies getrokken worden uit de verkregen resultaten.
Behalve uit humane nieren zijn glomerulaire en tubulaire basaalmembranen
ook geïsoleerd uit nieren van volwassen runderen, varkens, schapen, paarden en
ratten (Hoofdstuk 6 ) . Bovendien zijn tubulaire basaalmembranen uit konijnenieren geïsoleerd. In beide typen basaalmembraan vertoonde de ratio tussen 4hydroxyproline en hydroxylysine bij alle species de voor basaalmembraancollageen karakteristiek lage waarde. Voor een aantal chemische componenten en
molaire ratios zijn statistisch significante verschillen tussen de species gevonden.
Bij het vergelijken van glomerulaire met tubulaire basaalmembranen uit
dezelfde nier zijn ook significante verschillen naar voren gekomen. Alle zes
species bevatten in hun glomerulaire basaalmembraan ongeveer tweemaal zoveel
siaalzuur en meer aminosuikers dan in hun tubulaire basaalmembraan. De waargenomen verschillen houden misschien verband met in de litteratuur beschreven
variaties in antigene eigenschappen van deze twee typen basaalmembranen.
Toepassing van de in deze studie beschreven methoden lijkt de mogelijkheid
te openen tot isolatie en analyse van basaalmembranen uit kleine hoeveelheden
pathologisch nierweefsel en voor het verkrijgen van meer specifieke antisera
tegen basaalmembraan componenten. De hoge mate van zuiverheid van basaalmembraan
preparaten verkregen in dit onderzoek vormt een goede basis voor onderzoek naar
de moleculaire opbouw van deze extracellulaire structuren.
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STELLINGEN

I
Glomerulaire en tubulaire basaalmembranen vertonen een leeftijdsafhankelijke
toename in de mate van hydroxylering van lysine en proline.
Dit proefschrift, hoofdstukken 3 en A.

II
Bij de weergave van de chemische samenstelling van glycoproteinen dient
duidelijk te blijken in welke molaire verhouding suikers voorkomen ten opzichte van aminozuren.

III
Hoewel wordt aangenomen dat een verdikking van het glomerulair basaalmembraan
met de leeftijd optreedt bij de mens is dit nog steeds niet voldoende bewezen.

IV
In het onderzoek van Tryggvason aan glomerulaire basaalmembraan van patiënten
lijdende aan een congenitaal nephrotisch syndroom zijn geen goede leeftijdscontroles gebruikt.
K.Tryggvason (1977) Eur.J.Clin.Invest. 7, 177-180.

V
Met behulp van de analytische electronen-microscoop zou informatie kunnen
worden verkregen over de aanwezigheid van fosfor in basaalmembranen.

VI
Het argument van Daniels en Chu om aan de hand van het gehalte aan arginine
twee typen collageen ketens in basaalmembraan te onderscheiden is door
Kefalides et al. op ongegronde wijze tegengesproken.
J.R.Daniels en G.H.Chu (1975) J.Biol.Chem. 250, 3531-3537.
N.A.Kefalides, R.Alper en C.C.Clark (1979) Int.Rev.Cytol. 61, 167-228.

VII
In medisch-biologisch onderzoek wordt te weinig belang gehecht aan vergelijkend dieronderzoek en te veel aan de rat als proefmodel.

VIII
In het geval van een metabole alkalose bij een jonge zuigeling dient ook
gedacht te worden aan congenitale chloride diarree.
C.H.Schröder, L.A.H.Monnens en T.J.W.Fiselier (1979) T.Kindergeneesk. 47,
244-247.

IX
Bij patientjes met lysosomale stapelingsziekte vindt geen duidelijke toename
plaats van lysosoomachtig materiaa] in de absorberende epitheelcellen van de
dunne darmvilli.

X
Zelfkazers zouden gebaat zijn bij goede microbiologische testen om de kwaliteit van melk voor de bereiding van boerenkaas vast te stellen.

XI
Bij de eerbiediging van de mensenrechten dient men ook rekening te houden
met de rechten van de kinderen.

XII
Het verlichtingssysteem van de fiets moet zodanig worden verbeterd, dat het
achterlicht blijft branden als het voorlicht is doorgebrand.
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