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CHAPTER I 

INTRODUCTION 

A. Statement of Problem 

The renal glomerular basement mel_llbrane is an extracellular matrix 

which is located between epithelial and endothelial cells, and is the 

only continuous membrane barrier between the blood plasma and the 

glomerular ultrafiltrate. Therefore, it is co.nsidered to be the primary 

ultrafilter·of the kidney, being permeable only.to small molecular 

weight metabolites. In a variety of disease states, such .as diabetes · 

mellitus, the membrane apparently undergoes alterations.which lead to 

an increase in permeability, hence an impairment of kidney functions~ 

The whole membrane consists of at least thirteen different 

polypeptide chains (subunits) rangi~g in molecular weight from 24)000 to 

greater than 350,000 daltons. Some subunits are covalently linked by 

disulfide bonds and aldehyde•derived.crosslinks of the type found in 

vertebrate collagen, while others are held together by non·covalent 

interactions. A portion of . the membr~me, . 26%, is soluble. in 6 M 

guanidine HCl. The insoluble and soluble fractions represent a gross 

fractionation of subunits held together by non-covalent interactions. 

The insoluble portion, which represents 74% of·the total membrane 

weight, closely resembles vertebrate collagen with respect to amino 

acid composition, presence of hydroxylysine linked mono- and 

disaccharides, and infrared spectra. In contrast, the guanidine HCl 
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soluble fraction differs greatly from that of collagen, although it 

possesses certain characteristics of collagen. 
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At present, none of these subunits have been isolated in pure form 

or characterized. Moreover, it .is not known which subunits are specifi­

cally crosslinked by covalent bonds or held together by non ... covalent 

interaction. 

The purpose of this study was to (1) determine the subunit 

composition of the two membrane fractions held together by non-covalent 

bonds, the guanidine HCl soluble and insoluble fractions, (2) determine 

which subunits are crosslinked by intermolecular disulfide bonds, 

(3) isolate and purify a single subunit and then characterize its 

chemical and physical properties. The knowledge obtained from these 

studies is fundamental to the understanding of renal glomerular basement 

membrane with regard to its overall molecular organization, mechanism 

of kidney ultrafiltration, and finally, chemical and morphological 

alterations.which are connnonly observed in the membrane in various 

disease states. 

B. Survey of Literature 

1; General 

Basement membranes are extracellular matric~s which are distributed 

in numerous tissues of the animal body; such as, glomeruli and·tubules 

of the kidney, the lens capsule, the alveoli of the lungs, and the 

capillaries of the vascular tree (1-3). 

The renal glomerular basement membrane is most extensively studied, 

among other basement membranes, because of its prime importance in 

various states of disease and relative ease of.accessibility compared 



to more difficult membranes such as the alveolar basement membrane, 

which resists isolation in pure form due to close association of colla­

gen and elastin tissue (4). 

The GBM appears to be the only continuous filtration barrier 

between the.blood plasma and the urine space. Thus, it is considered 

to play a vital role as a.molecular filter of fluids passing through the. 

kidney as well as a supporter of·the tissue's structure (5, 6; 7), 

Morphological alteration of the GBM has been obs~rved in numerous 

cases such as diabetes mellitus, various kinds of nephritis, and 

nephrotic syndromes. It is clear that an.understanding of the blood 

vessel disease.and their membrane alteration will depend, to a large 

extent, on the knowledge of the chemical structure of the basement 

membrane (8, 9), 

Earlier studies have concerned morphological changes of the 

basement membrane as revealed by the electron microscope. More recently, 

chemical and immunological.stud:l,es have been conducted by·Spiro (10), 

Kefalides (11), and Mahieu (12). The amino acid composition and 

carbohydrate composition of whole basement membrane from various sources 

have been established. The elucidation of one of the carbohydrate units 

structures has attracted the research of immunological.aspects, since 

the disaccharide units are the major antigenic site of collagen 

(13, 14). 

Recently, bovine GBM has been fractionated after solubilization by 

reduction and alkylation •. The basic ideas of its subunits and range of 

molec;ular weight are obtained (15,· 16). The insolutle collagenous 

portion of basement membrane was also investigated and the presence of 

collagen was confirmed by isolation of.a molecule which consisted of 



4 

three identical a. chains of the type found in classical collagen (17). 

However, the isolated collagen was the result ·of .extensive enzymatic 

digestion of interconnected matri~ of the multicomponent system and. does 

not represent the true nature of tni!:! component·in the native basement 

membrane. 

A better unde;rstandit).g af, ,the dverall construction of. the GBM will· 

require the analysis .of several of the components without subjecting 

them to extensive enzymatic ·and/or chemical changes upon isolation. . . ' 

Because.of the difficulties arising from.its insoluble.nature, a pure. 

single component has not been isol~ted in S'Qfficient analytical 

quantities, and it may·be.necessary to wait a few years before any 

meaningful primary structure can be elucidated. Nonetqeless, gel 

electrophoresis, gas chromatography, and peptide sequential analyds 

show promise in basement membrane studies. 

2. Isolation of Basement Membrane 

a. Isolation of Glomeruli 

The initial d::l.fficulty at this state, which po~es great technical 

problems, is the isolation of glomeruli in pure form from the kidney 

in.large quantit~es. The f,irst ·description of a method to isolate 

glomeruli, in :reasonable quantities for.chemical analysis; was reported 

by KraI<ower.and Greenspan (18). Their method, in which minced kidney 

cortex is disrupted and passed·througl;,. a.fine mesh of stainless steel· 

screen, proved to. be the more useful. However, their method relies on. 

repeated seditllentations'wii;hout the.use of sieves and this treatment 

provides glomeruli of ·variable quality. ·· Glomeruli can also be. collected 

from the cortex ·by differential centrifugation (19), or by passing 



5 

the disrupted corte~ through a small·gl~ss colunn after freezing and 

thawing (20). Another interesting method was. the magnetic attraction of 

the glomeruli after the kidney was perfused with magnetic iron particles, 

however, this method is less practical for the purpose of chemical studies. 

The best method so far is filtration of disrupted cortex through 

stainless steel sieves of varying mesh size (10). This method was found 

to give a preparation of glomeruli.almost free of other tissue fragments 

except for a few tubular and capsule fragments which could be easily 

eliminated. This method proved so satisfactory that all of the chemical 

studies reported since 1967 have been done on glomeruli isolated l;>y 

this sieving method. 

b. Isolation of GBM 

A cell free glomerular preparation can be obtained by digestion of 

isolated glomeruli with trichloroacetic acid (21) or with dilute alkali 

solution (22). These methods.were not satisfactory because of the 

variable quality of membrane.were obtained. There is also the possi­

bility that the use of acid or alkaline solution introduces some.modifi­

cation of the polypeptide chain or carbohydrate groups. The gradient 

centrifugation of hoi;nogenized cortex has also been used (23), .but these 

preparations,are not clean. 

The best result was obtained by Spiro (10) as follows: the 

glomeruli are subjected to ultrasonic treatment to isolate the GBM from 

the unwanted cell, followed by careful low speed multiple centrifugation 

in 1 M NaCl and repeated washings with distilled water. By this method, 

all the cel+ular elements can be removed and a preparation can be 

obtained which is pure based on morphological.observaUon with a 
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microscope. The chemical analysis showed. this membr.ane preparation . is · 

free of lipids, nucleic acids and phosphorus. The yield by this method 

gives more than 100 mg of purified membrane from one.kilogram _of·kidney. 

cortex •. The recovery of,GBM is roughly one third of th~ dry,weight·of. 

the isolat;:ed glomeruli. 

3. Solubility Properties of GBM 

The basement membranes are·i~soluble in water at physiological· 

conditions in general; Extensive :solubilizat1on of the GBM hELS been 

achieved by. treatment with O.LN NaOH for 8 hou+s at .. 37°c (10), or 5% 

trichloroace.tic .acid .. at 90°C (24), or excessive heating by a\ltoc+aving 

at.110°C for three hou+s in an acetate buffer (25). These methods, 

solubilize GBM up to 80%, by weight, The GBM can also be solubilized. 

extensively by proteolytic .enzymes (10, 26). Approximately 65%·of the 

membrane beco.-mes soluble by pepsin or t;rypsin digestion, and up to 

90% solubilization was achieved by treatment with bacteria collagenase 

at 37°C for 48 hours •. Percent solubilization is based.on the. chemical 

analysis of hydroxyproline and hexosamine content in t~e soluble 

fraction (27). Th~se met.hods mentioned above are satisfacto.ry when the 

the purpose of study is chemical or immunological exploration of the 

fragments derived from a complicELted multicomponent membrane. 

Recently, extensive studies under mild conditions.which do not· 

disrupt the peptide bond have been reported (15, 28). Treatment.of the 

membrane with SDS:or 8 M ureal pH 7.0, at 25°c for 36 hours causes the 

solubilization of.25% of the ,membrane. The 0.1 M·sodium phasphate buf~er 

or 0.5% Triton x"'.'100 in phosphate buffer, can only solubilize less thELn 

5%. Hexose.analysis.gives slightly higher values for -solubilization 
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than polypeptide measurements in these cases. However, after reductng, 

alkylation of the G:BM with iodoacetic acid, dialysis, and lyophylization, 

the.basement .membrane preparation can be.obtained with solubility greater 

than that of the original native memb~ane .· (16). Such a ·preparation is 

about 50% soluble in neutral phosphate buffer, 70-85% solul>le in SDS 

and the solubility in urea soluti9n,. depends. on th~ conditions and 

determination m~thods~ 

4. Chemical Composition 

a. Amino Acid Composition 

The amino acid composition of GBM has been established by a n.umber 

of investiga~ors (11, 15,. 22, 29-33). The composition of the whole 

membrane of bovine, human, and canine and the sqluble and insoluble 

portions of . bc;>vi~e membrane are shown in .. Table I. The tendon collagen . 

is also listed in th~ same table as an exampl~ of typical interstitial· 

collagen for comparison purposes •. At a glance, the whole membrane-of . . . ' . . 

the three species appear essenti~lly the same in composition within 

reasonable.variation, but the soluble.and insoluble portions .are 

considerably different from the original whole,membrane~ 

The similarity between whole basement membraJles and collagen can 

also be seen. In partic4lar, the.insoluble portion resemblesi collage,;l 

much.more than does the.soluQle portiqn (Table VIII). In.other words, 

the basement me~brane contains large amounts of glycine and substantial 

amounts.of hydraxyproline and hydroxylysine~ This indicates that base-

m.ent membrane, in general, es~ecially the insoluble partion, .belongs to 

tl)e . collagen.family of -proteins. However, there are many diff.erences ~ 

iµ :t,14portant .respects, from typic:al _collagen. It may ·be ,noted that 



TABLE .I 

AMINO ACID COMPOSITION OF BOVINE, HUMAN, AND 
CANINE GBM AND TENDON COLLAGEN 

Amino acid Bovine basement membrane Human· Canine 
Whole Whole Wfiole 

Tendon 
collagen 

membrane Soluble Insoluble membrane membrane 

Lysiri.e 26.6 35.4 24.6 26.4 26.0 23.0 

Histidine 17.4 21.6 12.2 18.7 14.4 4.0 

Arginine 50.8 54.9 46.0 48.3 48.2 45.0 

Hydroxy lysine 21.8 8.0 21.5 24.5 25.0 6.0 

Aspartic acid 65.6 76.4 62.0 70.0 70.0 46.0 

Threonine 40. 7 48.8 29.5 40.3 40.5 17.0 

Serine 51.8 6 7. 6 50.0 54.2 49.0 33.0 

Glutamic .acid 91.6 106.9 89.4 101.3 97.0 63.0 

Praline 77.1 81. 7 87.6 64.1 63,0 140.0 

Glycine 212.4 150.6 242.3 225.2 229.0 329.0 

Alanine 65.2 73.9 72. 6 58.6 65.0 112.0 

Half cystine 22.0 26.6 14.7 22.0 22.7 none 

Valine 36.6 38.0 32. 8 36.0 36.0 20.0 

Methionine 13.8 13.9 12.2 7.0 5.0 6.0 

Isole1,.1cine 30.0 31. 3 24.5 28.6 28.1 10~0 

Leucine 57.3 66.9 51.5 50.3 60.2 21.0 

Tyrosine 16.8 23.4 12.8 , 20. 5 22.0 5.0 

Phenylalanine 27.9 31.5 24.3 28.3 26.8 13.0 

4-hydroxyproline 77.1 32.6 89.9 53.0 56.5 86.0 

3-hydroxyproline Not listed none 

Numbers are expressed in residues per 1000 amino acid residues. 
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classical collagen contains 33%·glycine while GaM contains l~ss than 

23%. The collagen is believed to be free of cysteine and 3-hydroxy­

proline, but GBM has these amino acid residues. The presence of 

cysteine in GBM is noteworthy because it plays an important role in 

stabilizing the basemen.t membraI).e structure. .The basement membrane also 

differs fro~ collagen in.that it has a substantially greater number:of 

aromatic amino acids, di<:arboxylic amino acids and other.polar amino 

ac:l.ds. A large dit:ference is also noted in the amount of ,hydre~lsine 

and ratio of hydroxyproline to prqline. This means hydroxylation ef 

these amino acids takes place more actively in basement membrane than in 

collagen. Acco-rding to Ramachandran et al. (34), a protein is defined 

as collagen when (1) glycine accounts · for about 33%, · (2) the sum of 

praline and hydroxyproline accounts· fqr abaut 22% of the amino acid 

composition,. (3) th.e protein exhibits a triple .helical structure in 

which three.polypeptide chains are aggregated to form a molecule. 

However, th~s definition is far from being pe~fect with respect to the 

degree of deviation of many.collagen.of different species. If the 

presence of this wide deviation is admitted, th~ basement membrane ceuld 

be regarded as basement membrane collagen. 

b. Carbohydrate Composition of GBM 

The carbohydrate composition ha~ been reporteq for several specitl · 

of purified basement memb-ranes (10, 27, 35}. The total.amount of carbo­

hydrate varies from 8~11;. The ¢olllp9fit;ion of bovine and htpnan.GBM is 

presented in Table Il. . Tendon collagen is also listed for comparison 

purposes. It ·is shown that there is.some.variation in carbohydrate 

compositions among different species. The variation may .be slightly 



TABLE II 

CARBOHYDRATE COMPOSITION OF GLOMERULAR BASEMENT MEMBRANE 
AND TENDON COLLAGEN 

Bovine a 

Hexose 6.29 

Glucose 2.47 

Galactose 3.05 

Mannose o. 77 

Glucosamine 1. 86 

Galactosamirie 0.27 

Fucose 0.22 

Sialic acid 1.19 

a Spiro (44) 

b Kefalides (1) 

gm/lOOgm 

b Human 

6.8 

2.5 

2.6 

1. 7 

2.0 

0.7 

1.5 

Tendon b 
Collagen 

0.68 

0.30 

0.40 

o.oo 

0.40 

o.oo 

o. 06 , 
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larger than that of the amino acid composition of .various basement 

membranes. N:evertheless, it is obvious tha~ t:he overall composition 

is.very much alike, 

11 

The tot~l content of ca;rbohydra.te fQr basement membrane is .. much .. 

larger than that for collagen, yet t:here are some similarities, e.g., 

glucose and galactose occur in the,highest amounts. The presence of. 

glucose draws particular inter.est because this sugar.is not a common, 

component of glycoproteins •. The glucose has been detected only in 

collagen and basement membrane as a component of hydroxylysine 

glycosides •. The l~ns capsule basement me~brane, unlike GBM, contains 

hexuronic ·acids which are commonly found in muc.apolysaccharides. · This 

may suggest that .there is some variation in carbohydrate composi.tion 

among different kinds of basement membrari.es (24). 

5. Chemical.Structure of Carbohydrate Uni ts · 

After digestion of.GBM with collagenase and further treatment with. 

pronase, two different groups of glycopeptides were separated by gel. 

filtration. The one which contains·only glucose ,llnd galactose was. 

purified further by ion exchange. column chl;'omatography ~;;M) • The· 

structure of this carbohydrate UQ.it., which is also detect:ed in collagen 

molecule, was investigated by.mild acid hydrolysis, glucosidase, 

periodate oxidation, and methylation experiments. The complete 

structure. of this carbohydrate unit is 2-0-o.-D-glucopyranosyl-O-S-D­

galactopyranosyl hydroxylysine as shown in Fig 1. The quantitat~ve 

al').alysis of the alkaline hydrosyla.te· of tne GBM indicates that 

approximately 77% of · the hydroxy lysine residues of .the membrane· are 



Figure 1. The Structure of the Disaccharide Unit and a Proposed 
Co~ception of the Heteropolysaccharide, 

12 
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linked to a disaccharide unit and less than 5% are linked to a galactose 

residue.only. 

The second group of glycopeptides were also resolved by.~el 

filtration and ion exchange column chromatography. These gly~opeptid~s 

differ slightly from each other due to microheterogeneity which is 

commonly observed in complex carbohydrate units of this type. The aver­

age molecular weight of this heteropolysaccharide unit is roughly 

3,200 daltons, with an average ratio of 4 galactose, 3 mannose, 5 

glucosamine, 3 sialic acid, and 1 fucose residues. Asparatic acid 

(asparagine) is found as the predominant component attached to the 

heteropolysaccharide. This suggests that a glycosylamine-type of 

glycopeptide bond is present, yet.detailed structure of this unit is not 

known. By analogy with some types of carbohydrate units found in 

globular proteins,• the overall structure is speculated as shown in 

Figure 1. The ratio between disaccharide units and hetropolysaccharide 

units is roughly 10:1 in bovine GBM. 

6. Location of the Carbohydrate Unit 

on the Polypeptide Chain 

The small polypeptide chain containing either the di$accharide unit 

only or the heteropolysacch~ride unit only, we~e purified after auto­

claving, extensive enzymatic digestion, chromatography, and electro­

phoresis (25). The vicinity of the heteropolysaccharide unit contains 

aspartic acid, glutamic acid, threoni~e, serine, proline, and glycine. 

The amino acid sequence of this peptide portion is not known partly 

because it is less important with regard to. immunological response in 

some cases of the nephritis patient~ However, the disaccharide 

containing glycoprotein is shown to be one.of the major antigenic 



determinants of anti-basement ·membrane autoimm\ln.ization. Becau!;ie of, 

this, the:aminQ acicl sequence. at the vicinity of the disaccharide was 

analyzed and compared to the collagen.fragment which was.previously 

reported (37, 38). Bo~h sequences are shawnbelow. 

Hyl-Gly-,.His-Arg-Gly· 

Hyl-Gly-Gln-Asp-Gly 
(Asp) 

in. collagen (39) 

in Human,GBM (38) 

The extent of glycosylation on hyctroxylysine ir,. collagen is more 
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extensive than in ba!;lement me~branes and the amino acid sequen~es in the 

vicinity. of hydroxylysine in the basement membrane and collagen are· 

totally different, since basic ami~o acids are found in collagen and 

acidic amino acids in the basement membrane. However, th~re is a weak 

crossantigenic.reactio-n. observed in the radioimmunoassay between.GBM 

and the a. chains of collagen (38). Th~ correlation of the location 

between the disaccharide unit and the heteropolysaccharide unit is not 

known, but the isolated soluble fragment~ which shows strong antigenic-

ity, has both a disacc;haride unit and a heterQpolysaccharide unit. The 

separation of these saccharide units without extensive enzymatic 

degradation has not. been ach~eved to date. 

7 •· Subunit· Structure 

In order.to investigate the subunit.stru~ture of basement membrane, 

whol~ GBM was reduced with mercaptethanol and carboxymethylated. All . 

cysteine residues were shown to be alkylated by this procedure (15, 40). 

These alkylate subunits become.very soluble (70-80% of totai membrane) 

in urea, GuHCl, and SDS solutions. The fractionation of s..;.cM-membrane 

components was investigated extensively with various porous agarose gels 

and DEAE cellulose colUliln chromatography (15, 16). The amino acid· 
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co1,I1.position and carbohydrate content of each pooled fraction of several 

agarose gel chromatography wer.e analyzed. 

Pronounced differences in th~ chemical composition of the various. 

fractions were observed. Fractic;ms with a more ,collagen"':"like composi-:­

tion tended to be of higher molecular weight and more cationic in natur~. 

These fractions,eluted at near void.:vol~e and contained a greater 

number. of the amino acids characteristic of coll~gen, ~ as hydroxy-­

praline, hydroxylysine,: and glycine •. These collagen-like subunits were 

found to contain a high number of disaccharide units wit}\ a maximum of·: 

35 units per 1000 amino acid residues. Conversely, other fractions had 

more abundant amounts. of polar amino acids., such as asparatic acid, 

serine, threonine, tyrosine, lysine, h:1,stidine, S-CM-cysteine. As 

expected, th~se fractions are· relatively rich in heteropoly,saccharide 

units instead of the disaccharide units. 

Amino te+minal amino acid analysis was carried out; and.the 

variation of the relative amount ,of different N-:-terminal amino acids 

in different fractions indicated that these membranes are polyµte:ts of 

several smaller peptide chains. This finding suggests that different 

types of crosslinks, other th~n disulfide crosslinks, are involved. 

Th~ presence of collagen molecules in basement membrane was 

reported by Kefalides.(41). The·basement membrane collagen, which 

consists of three identical a. chains, was isolated after proteolytic 

enzyµte digestion. This collagen cannot be a basement met1;1.brane'subunit 

because.of the extensive enzyµtatic digestion used. However; this may. 

prove that a·part 'Of ,the basement me1,I1.brane subunit ··1$.,.r.eal collagen. 

and a. nori-collagen-:-.like peptide ,chain was, originally attached· to it. 

In order to gain additional information in regard to subunit struct1:1re, 
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the purification and. character.ization of the components without 

enzymatic digestion must be accomplished. 

8. Polypeptide Crosslinks· 

The glomerular basement membrane·contains 3% cysteine .which is not 

found in typical collagen. The disulfide bonds as well as non-covalent 

bonds, are primarily important in stabi:J_izing the basement membrane.· 

Recently, other types of polypeptide crosslinks which are known to 

occur.in collagens were also detected in several basement membranes 

including ·GBM (42). These crosslinks were detected by reduction ,o.f t~ 
3· membrane with NaBH4, hydrolysis with ;acid, or with ellzymes, followed by 

ion exchange chromatography. The results of these studies indicate 

that; (1) the basement membrane preparations incorporated tritium· 

3 during NaBH4 reduction in amounts similar to interstitial collagen, 

(2) a large proportion of the radioactivity is present in peaks. which· 

correspond to requced, aldehyde and crosslinks; and (3) it is the 

collagenous proteins of the basement membrane which contain.the reduced 

aldehydes and cros.slinks. 

Som~ of the peaks were identified by comparison with a standard 

collagen sample. The· cross links · aldehis ti dine, . dihydroxylysinon<;>r­

leucine, hydroxymerodesmosine, .and other intermediates were present in 

the·chromatograms, but the histidinohydroxymerodesmosine, found in 

coilagens, did not appear in the chromatograms of the basement membrane •. 

The other group of compounds, NE-glycosyllysin.e and NE-glycosylhydroxy­

lysine ,. were also pres.&'ht .. in the basement membrane. The identified 

crosslinks are. presented in TS:ble , III. The to.tal basement membrane had 

a complex chromatographic profile due to unknown radioactive peaks. 



TABLE III 

ABBREVIATIONS WHICH ARE USED IN FIGURE 3 

Abbreviation Trivial name 

L lysine 

HL 

AL 

HAL-. 

deLNL 

LNL 

ALAL 

ALALd 

deHLNL 
a 

deHLNI;, 

Ill.NL 

delll.HNL 

lll.HNL 

a -hydroxylysine 

cJ -amino adipic acid E-
semialdehyde; allysine 

$-hydroxy, d-amino adipic 
acid $-se~aldehyde; 
hydroxyallysine 

dehydrolysinonorleucine 

lysinonorleucine 

"aldol";"allysine aldol" 

dehydrated"aldol" 

dehydrohydroxy­
lysinonorleucine 

~-hydroxylysinonorleucine 

dehydrohydroxylysino­
hydroxynorleucine 

hydroxylysinohydroxy­
norleucine 

Formula 

X-CH2-CH2-NH2 

X-~HOH-CH2-NH2 

x-c~-CHo 

X-CHOH-CHO 

X-CH2-CH=N-CH2-Y . 

x-c~;..~-NH-CH2-Y . 

X-CH(CHO)-CHOR-Y 

X-CH(CHO)=CH-Y 

X-CHOH-CH2-N=CH-Y .. 

X-CHOH-CH=N-CH2-Y 

X-CHOH-C~-NH-C~-Y 

X-CHOH-CH=N-CH2-CHOH~X 

deHM dehydrohydroxymerodesmosine Y-CH=C(X)-CH•N-CH2-Y 

ALHis 

HisHM 

aldol-histidine 

histidino-hydroxy­
merodesmosine 

X: -CH2-cH2-CH(NH2)-COOH 

Y: -CH2-cH2-cH2-CH(NH2)-COOH 

Y-CH(Z)-CH(X)-CHO 

Y-CH(Z)-CH(X)-CH=N-CH2-CHOH-X 

Z: ~CH2-CH(NH2)-COOH 

-~N 

18 
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These new peaks were found in the neutral and acidic amino acid regions 

which suggest that these new compounds were not of the general structure 

found for collagen crosslink1:1. Since all'of these detected compounds 

are chemically reduced products, in vitro, it is not known that the 

same kind of .reduction of Schiff base, in vivo, takes place in the 

maturation process of basement membrane as does in collagen. It·is not 

surprising that basement membrane, especially the collagenous type 

portion, contains similar aldehyde-derived crosslinks which are found in. 

collagen, since the two types of proteins share common features in many 

respects, such as amino acid composition, .carbohydrate composition,.and 

structural role. 

9. Proposed Structural Models of GBM 

Information concerning the overall structure of GBM is quite 

limited. The subunit size and chemical composition, distribution of 

amino acids,·the disaccharide unit and heteropolysaccharide unit, and 

the location and manner of disulfide crosslinks and other crosslinks 

which are not separable by simple reduct:f.,on, are major factors of. 

consideration in the hypothetical proposed models (3). 

Several models are shown in Fig. 2. These models are drawn under 

assumption that the disaccharide units are located mainly on.the 

collagen-like portion and the heteropolysaccharide units are located on 

the more polar region. These assumptions are partially supported by 

observaUons.in which the vicinity of glycopeptide~ isolated after 

e~~ensive enzymatic digestion, showed.quite different amino acid 

cow.positions (43, 44). 



Figure 2. The Glomerular Basepient Membrane Models 

Representation of three hypothetical models of the GBM showing 
the possible relationship of the disaccharide (Di) and hetero­
polysaccharide (Poly) units to each other and the peptide chains •. 
The jagged line represents collagenous portion of the peptide 
chains while the straight line in.dicates ·polar. regions •. 
Disulfide bonds are shown and X repres~nt possible lysine-
derived crosslinks between the peptide chains . 

20 
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In model 1, two distinctly different proteins, .a collagen and 

non-collagen, are held together by non-covalent bonds and disulfide 

crosslinks. This model was.originally hypothesized by Kefalides in 
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1966 (41). Some difficulties of this mod.el are: (1) the drastic change 

of solubility of the whole membrane after reduction, (2) all of the urea 

and guanidine soluble fractions do contain both disaccharide units and 

heteropolysaccharide units, although the ratiQ of these carbohydrate. 

units varies considerably. 

In model 2, the only difference is the presence of disulfide bonds 

between the collagen-like peptide and the non-collagen-like peptide. 

This model seems better than model 1. with respect to solubility change 

after reduction, but does not explain the fact that reduction alone does 

not provide either one kind of polypeptide. 

The third model indicates that one polypeptide chain which has both 

a collagen portion and a non-collagen portion is linked to another poly­

peptide of a similar or dissimilar molecule. The observations, ·so far, 

seem to support this scheme because completely reduced and alkylated 

basement membrane cannot. be fractionat.ed into two different fractions, 

and every fraction always contains two kinds of carbohydrate units. 

The situation is complicated even more by the presence of othe.r 

crosslinks.besides disulfide bonds, which was discussed in section 8. 

The collagen componen.t, which was isolated from the basement membrane 

after limited enzymatic digestion, consist of three identical a chains, 

has a molecular weight of 108,000 daltons, has an amino acid composi­

tion typical of collagen, and has only glucose and g~lac,tose (17). 

The only difference it has from ir:iterstitial collagen is the presence 

of cyateine. This observation may.indicate that a substantial part of 



the polypeptide is of a collagen nature.. On the other hand, . Mahi~u 

isolated a component, after extensive autoclaving with excess mercap­

tethanol, and the molecular weight of this component is 80,000 (38). 
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The amino acid and carbohydrate analysis show essentially no difference. 

from that of the original whole membrane. In other words, the amount of 

both disaccharide and he.teropolysaccharide units, amount of _glycine 

or hydroxyproline, as well as polar amino acids, are very sb1ilar to the 

original m~mbrane. This observation may indicate that the polypep~ 

chain at this molecular weight range.contains both collagen.t~e/and 

non-collagen type peptides. Both experiments involved extensive 

degradation of the peptide bond of the basement membrane, thet;'efore, a 

conclusive answer as to which model represents the true picture of 

basement membrane cannot b~ drawn from these observations. The isola-:­

tion of a single c.omponent after reduction without cleavage of the 

peptide bond may contribute to a portion of the answers of these 

problems. 

10. Biosynthesis of Basement Membrane 

The complete biosynthesis of basement membrane require~ many 

steps. The basement membrane biosynthesis is presumably more compli-:­

cated th~n interstitial col~agen because the basement membrane is a 

multicomponent system. 

These steps are: (1) peptide synthesis by.common ribosomal 

machiq.ery, (2) hydroxylation of non-cpded 8lllino acids; (3) attachment 

of carbohydrate·residues in the proper sequence,· (4) assembly of the 

different kind of polypepti~es, and (5) establishment of crosslinks 

after a series of reactions which are necessary to form crosslinks. 
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It is presumed that .the synthesis of the peptide .portion takes place 

prior to the attachi;nent of carbohydrate units, and.hydroxylation of 

praline anq lysine is similar to the mechanism wh:t,ch has been shown in 

the case.of. collagen synthesis (45, 46, 47). 

The nature of collagen hydroxylase and its mechanism or reaction 

have been extensively studied (48, 49), but.the site of hydroxylation 

is not well established. The attachment of the carb.ohydrate portion 

takes place through the action of several specific glycosyl trans~ 

ferases. The galactosyl and glycosyl transferase.have.been prepared. 

from rat kidney cortex, and these.enzymes have been studied extensively 

(50, 51, .52). The gala~tosyl transferase ca,n transfer a.galactose unit 

to a hydroxylysine residue of native collagen but c~nnot transfer a 

galactose to, free ~ydroxylysine or to a small .. peptide containing 

hydroxylysine. The glycosyl transferase can transfer a glucose.unit.to 

a hydroxylysine-galactose group either in high or low molecular weight. 

compounds. The enzymes.are increased in the kidneys of ·diabetic rats, 

possibly reflecting the increased synthesis of .basement membrane. 

The enzymes responsible for the assembly of the heteropolysace4aride 

· ,unit have not yet been isolated, but. the presence of sialyl .and 

galactosyl transferases hav~ beeQ. demonstrated. The mode of the 

assembly of.the heteropolysaccnaride unit is speculated to resemble that 

of the unit in.thyroglobulin (53, 54). The enzyme systems of the 

heteropolysaccharicje, notably·glucasamine transferase, which is the 

first enzyme of glycasidation upon asparagine residue of the protein, 

and mannose transferase, are not knewnto date. 

Basement membranes are produced by epithelial cell and/or cells .of· 

mesenchymal origin which include endothelial·cells, pericapillary cells 

or pericytes, where as collagen is produced by fibroblast cells. 
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The elaborated demonstration of involvement of the epithelial cell 

in synthesis of the renal glomerular basement membrane was shown some 

years ago. Silver nitrate.was adm;lnistered in the drinking water of 

young rats, and a dark silver deposit was observed throughout of base-

ment membrane. Several weeks later, after the silver nitrate was 

removed from the drinking water, newly synthesized basement membrane 

free of silver deposit was found to be. laid down, only on the epitheli.al 

side of the membrane.(55). 

Recently, a s~luble component was.·. isolated from parietal yolk sac 

carcinoma cells in tissue culture. Partial characterization of this 

component revealed that the component did not contain any hydroxylsine 

and sialic acid, but large amounts of:hexosamine, fucose and galactose 

were found (56). The amino acid composition, except for thfa lack.of 

hydroxylysine, resembled the soluble portion of Gin{ (15), A large 

amount of polar amino acids, such as aspartic.and glutamic acids, which 

are characteristic of soluble.portions of basement membrane were 

observed. The other epithelial basement membrane coliagen was.studied 

bqth in vivo and in vitro in embryonic chick lens, a tissue in whic~ 

all of the collagen is in the basement membrane of the lens capsule. 

Th~ radioactive basement,meip.brane was isolated and partially character­

ized, but complete amino acid and carbohydrate analysis was.not done 

because of a limited amount. They observed.that about ·14% of total· 

hydroxyprol;lne was present as the 3'isomer and 85"'."90% of the lysine was 

detected as hydroxylysine, Th~ initial form.of 14c-membrane synthesized 

by these systems hl:!,d a molecular weight of .140,000 daltons·and a time 

dependent conversion to smaller molecular weight (115,000 M.W) was 

observed. The basement membrane collagen secreted into the medium was 
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0 largely resistant to pepsin at 15 C, suggesting that it has a triple 

helical conformation, but this component in the len,s ce.lls was largely 

0 digested by pepsin at 15 C, suggesting it was.in random coil.form. It 

was also observed that there was a longer delay in.the secretion of 

basement membrane collagen·than in the secretion of tendon.collagen.and 

it was, suggested. that this longer lag migQt l>e explained by the addi-. 

tional time requires! to , introduce hych;-oxyl groups and glycosyl groups 

(45, 46)· •.. The study. concerning glomerular basement membrane . 

biosynthesis at the molecular level has not been reported to date. 

The final.assembly of the native m,: involves crosslinking of 

specific polypeptide chains, both disulfide bonds and aldehyde-derived 

crosslinks. The·biosynthesis of the crosslinks in BM is considered to 

be similar to that of collagen and elastin because some of the cross-

links found in BM have commonly.been found .in collagen. Crosslinking 

usually involves residues of lysine or hydroxylysine, that undergo 

oxidative transformation to their. corresponding aldehydes. These . 

aldehyde groups react with the amino group of lysine and lysine 

derivatives .resulting the forma.tion of aldimine (Schiff base) or react 

with other molecules, i.e., o-selllialdehyde amino acid resicJue (57), by. 

aldol condensation ... Further transformation may.occur by oxidative. 

proc~sses a.s well as reductive reactions. Recently, more complex . 

histidine derivatives were isolated, namely aldohistidine and 

hystidinohydroxymerodesmosine, which were reported to be derived.from a 

Mechael addition of the imidazole of histidine to the (3-carl>on of. the 

a.,(3 unsaturated bond of an aldol condensation product whic,b *'a.,f ~erived 

from two molecules of the o-semialdehyde norleucine (58). 



The possible biosynthetic relationships a~ong the various 

crosslinks and their intermediates as shown in Fig. 3. All pathways 
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are started with oxidation reactions followed py condensation reactions 

and then finally reduction reactions. These reductive reactions· 

occurring at the crosslinkage of collagen, in vivo, have been considered 

to be related to the aging process of animals. (59). However, it is not 

known whether the same kind of reductions., in vivo, take place in 

basement membrane, since all isolated compounds were producti; of.reduced 

materials by NaBT4• It is not known.by what mechanism the specific 

subunits are organized and crossl~nked. 



Figure 3. · The Possible Biosynthetic. Pathway in Formation of 
Various.Crosslinks'in.Collagen and Basement 
Membrane 

The compounds underlined were not detected in basement membranes. 
(0) represents ·oxidative reactions.and (H) represents reductive 
reactions. 
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CHAPTER II 

II. EXPERIMENTAL PROCEDURE 

A. Materials and Reagent 

Guanidine HCl and sodium dodecyl sulfate (SDS) are purchased from 

Sigma. Acrylamide monomer, methylenebisacrylamide, and N,N,N',N'­

tetramethylethylenediamine were obtained from Eastman Kodak. The stan­

dard ··proteins were purchased from the following sources: 8-galactosi­

dase from Worthington Biochemical Corporation, ovalbumin from Sigma, 

bovine serum albumin from Mann Laboratory, phosphorylase A (rabbit 

muscle) and chymotrypsinogenfromNutritional Biochemical Corporation. 

Myosin was prepared by the methed· of Perry (60). Biogel A-15 was 

obtained · from Bio-Rad. ·· · Dialysis casines were purchased from Union 

Carbide. All other chemicals used were the best available commercial 

grades. 

The bovine kidneys were obtained from Wilson Certified Foods 

Company, Oklahoma City, Oklahoma, within one hour after death. The 

exeised·whole kidneys were immediately chilled in ice. To avoid contact 

of kidneys with water, they·were placed in plastic bags and transported 

to the laboratory where they were cleaned and freed of most fat and 

unnecessary tissues. The treated kidneys were then wrapped in aluminum 

foil and stored at -1s0 c. 
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B. Methods 

1. Preparation of Bovine GBM 

a. Isolation of Glomeruli 

The isolation proeedure·wa:s based on the method of Spiro (44) with a 

modification. The details·of this procedure are also described else­

where(40}. The following precedure was performed at room temperature 

but all kidney preparations and solutions are kept cold in ice unless 

otherwise stated. The corte:x·of the frozen kidney was peeled off in 

thin strips with a potato·peeler carefully avoiding to peel unwanted 

parts of the under layer of the medulla. The us~ of the peeler proved 

sueeessful because the number of broken glomeruli was diminished and the 

y,ield and· purity of glomeruli were improved. The shavings were collected 

on a, glass plate· and-- transferred·· to a beaker in ice. The amount of wet 

eertex was weighed, 

The corte1c-was -pushed through Ne. 120 (1-5-mesh) sieves, a small 

portion at a time, by applying a gentle grinding motion with the bottom 

of a beaker until most of the cortex became homogenized. The resulting 

thick liquid was then pushed through the sieve using the beaker 

across the entire sieve surface, with slight downward pressure, into a 

sieve pan. The filtered soup was scraped off the underside with a rubber 

spatula. This thick filtrate rendered from roughly one kilogram of 

cortex was diluted to 4 L Wi'th O. 85 percent NaCl solution. 

A No. 70 (65-mesh) sieve was ]?laced on top of a No. 140 (150-mesh) 

sieve which has a sieve pan to collect filtrate. The diluted solution 

was poured onto the top of the stacked sieves portion by portion. As 
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soon as enough glomeruli were collected on the lower sieve, No. 140, the 

flow of solution was stopped. It was hastened through by a light double 

bounce action of the sieves on a rubber mat. The filtrate in the bottom 

pan was discarded while the top sieve retained substantial glomeruli in 

the white froth. These glomeruli were filtered onto the No. 140 by 

0.85% NaCl solution, The glomeruli on the No, 140 sieve were 

washed at least three times with the same saline to eliminate unwanted 

tissue fragments using the double bounce technique. 

After sufficient washing, a drop of suspension was placed on a glass 

slide and the purity was cheeked by examining under a phase-contrast 

microscope at· 1€)0X ·magnification, The major impurities are capsules, 

tubules and other fragments and the total number of these impurities 

were controlled to less than 5% level by washing. The glomeruli were 

collected in a centrifuge tube at 2,000 x g for 5 minutes and stored at 

0 ' .-.15 c, 

b. ·· Isolation of GBM from Glomeruli 

The glomeruli obtained from 15 Kg of wet cortex were dispersed in 

approximately 340 ml of 0.85% NaCl. A 5 ml sample was taken for yield 

calculation. The solution was diluted with 4 M NaCl to give a final 

concentration of 1 Min NaCl. A Branson Sonifier, Model 8125, with 1/2 

inch long probe, was used for sonic disruption. 

The disruption was conducted for four one-minute intervals with 

maximum power output, on 75 ml portions of glomeruli suspension in a 

100 ml beaker. Care was taken to minimize excess rise in temperature of 

the solution. Extent of glomerular disruption was followed under the 

phase-contrast microscope. The sonicated material was transferred to 



twelve 40 ml centrifuge · tubes-·an.d -centrifuged for 10 minutes at 3, 000 

rpm on ·a Sorvall RG-2Bi ·· The ·sediment was washed five times with 1 M 

NaCl followed by five washings with distilled water, and then finally 

lyophilyzed. The 5 ml aliquot was washed five times with water and 

lyophilyzed, The total weight of the basement membrane was 2.52 g 

which represents a 30.0% yield. 

2, Preparation of Guanidine HCl Soluble 

and Insoluble Fractions 

One thousand mg of the whole membrane were dispersed in 200 ml of 
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6.0 M guanidine HCl, 0.1 M sodium phosphate buffer, pH 7.0. The mixture, 

in a covered flask, was shaken for 24 hours in a temperature controlled 

room at 37°C. The soluble portion and the insoluble portion were 

separated by centrifugation at 4,000 x g for ten minutes. 

Only the clear part of the supernatant, 150 ml, was taken out. 

The remaining precipitate was mixed well with guanidine-phosphate 

buffer (50 ml) and centrifuged again. The supernatants are combined and 

put into four dialysis bags (2.7 cm x 40 cm). The dialysis was carried 

out against 4 L of distilled water which contains 0.02% of NaN3 • The 

water was changed every eight hours and agitated gently by a magnetic 

stirrer. After 48 hours, a white precipitate was observed in each 

dialysis bag. The whole contents of the dialysis bags were transferred 

into a lyophilyzer bottle and freeze-dried. 

The previously obtained precipitate was mixed with 50 ml of 

guanidine~phosphate buffer and-treated in the same manner, as shown in 

Figure 4. The second crop of soluble portion and the insoluble portion 



Figure 4. The Extraction Flow Chart of Whole Basement Membrane 
with 6 M GuHCl 

34 



Whole Basement Membrane 1000 mg 

200 ml 
Guanidine-phosphate buffer 

0 37 C, 24 hrs. 

Centrifuge, 4000g 
10 min. 

Ppt. Supernatant 

Ppt. 

0 37 C, 24 hrs. 

Supernatant 

Supernatant 

combined 

Dialyzed 

Lyophilized 

14 mg 

Wash with 
Guanidine-phosphate buffer 

Centrifuge 

Supernatant .. 
combined ... 

50 ml 

Guanidine-phosphate buffer 

Centrifuge 

Ppt. 

Dialyzed, 

48 hrs. 

Wash with the buffer I 
Lyophilized 

I 

I 
Supernatant 
discarded 

I 
Supernatant 

discarded 

Ppt 247 mg 

Wash with water 

Ppt. 
Wash with water 

Ppt 

I 
Dialyzed 

I 
Lyophilized 

I 
630 mg as 
insoluble 
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are consequently obtained. The total yield of the soluble fraction was 

261 mg and the insqluble fraction was 630 mg, 

3, Gel Electrophoresis 

a. SDS System 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis was 

carried out as descriHed by Weber and Osbon (61) and Hudson and Spiro 

(16). A stock acrylamide solution was prepared by dissolving 20 g of 

acrylamide, 0.54 g of N,N'-methylenebisacrylamide in 100 ml of 0.1% 

SDS, 0.1 M phosphate buffer, pH 7.0. The stock solution of TEMED was 

prepared by dissolving 0.4 ml of N,N,N',N',-tetramethylethylenediamine 

in 100 ml of same SDS-phosphate buffer. To prepare twelve 5% gels, 

6.0 ml of acrylamide stock solution, and 3.0 ml of TEMED stock solution 

were mixed in 15.0 ml of 0.1% SDS-0.l M phosphate buffer, pH 7.0. 

Eighteen mg of a fresh ammonium persulfate solution was added to the 

mixture and deaerated for a few seconds after all the ammonium persulfate 

was dissolved. Clean gel tubes (5 mm x 110 mm), which were coated in 

advance with column coat purchased from Canalco, were filled with gel 

mixture with a transfer pipette within ten minutes of mixing. A 3 mm 

layer of water was immediately placed on top of the gel surfaces to elimi­

nate the meniscus. The gels were usable within four hours, but better 

results were obtained by leaving gels at room temperature overnight. 

The water layer was discarded before gel tubes were set in the electro­

phoresis apparatus. The bottom of the gels were placed at least 3 cm 

deep in 0.1% SDS-0.1 M phosphate buffer. Bubble formation can be 

avoided by rotation of the inside apparatus. The top of the gels were 
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covered by same SDS-phosphate buffer and mixed well inside of the gel 

tubes to eliminate the remaining distilled water which causes major 

problems in variationof·voltage at early stage of electrophoresis. 

Pre-electrophoresis for one hour without loading sample eliminated 

these·troubles including the variation of buffer temperature. The sample 

solution contained, typically, 0.25 to 0,5 mg protein in 0.50 ml of 1% 

SDS, 0,1 M phosphate, pH 7,0, 15% glycerol, 1% mercaptoethanol, if neces-

sary, Theineubatien·was-carried out at 37°C for at least three hours. 

The size·ofthe-sample-loaded·varied depending on the dye sensitivity, 

·· number of··components and-purpose of gels, Typically, 5-10µ g fot' one 

component gives a dark enough band for taking a picture. For photo-

scanning, the amount of sample should be 1-5µ g per component. The total 

·volume should not exceed·more than 200µ 1 without using a discontin-

uous·system, ·but it should be more than 20µ 1 to ensure a sample solution 

evenly spread over the gel surface, Usually 25, 50 and 100µ 1 of mem-

brane sample (1 mg/ml) were loaded by constriction pipettes. 

Total current for twelve tubes was 96 mA and voltage was 60 V after 

power drift was stabilized. The duration of electrophoresis was fol-

lowed by tracking dye (50µ.Q, of 0,05% bromophenol blue), because it is 

a function of temperature and gel concentrat~on. Normally, the migration 

0 speed was three hours and half per 100 nun of 5% gel at 25 Croom 

temperature. 

--Fixing and·staini~g-wereperformed according to the method of 

Fairbank et al. (62), For routine works, No. 2 staining solution was 

omitted from the procedure to accelerate overall d'estaining time. This 

modification is satisfactory for most of the cases except for taking a 

picture of gels. 
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When the tracking dye reached the bottom of the gel tubes, the 

gels were taken out and put in 70 ml of a solution containing 25% iso­

propanol, 0.025% coom?ssie blue, and 10% ~cetic acid, for 12 hours. 

The gels were transferred to the second staining solution containing 

0.0025% coomassie blue in 10% acetic acid for 12 hours. The gels were 

destained by a charcoal diffusion method and in 10% acetic acid solu-

tion. 

b. Tris-Glycine System 

Gel electrophoresis without SDS in the system was necessary to 

eliminate the possibility of the presence of size and charge isomer 

families as described by Hedrick and Smith (63). The system was essen­

tially the same as that reported by Ornstein and Davis (64), but 

modified by adding glycine to the separating gels and changing the 

catalizer to ammonium persulfate instead of riboflavin. Each solution 

was prepared as follows: (1) buffer solution: 3 g Tris, 14.4 g glycine, 

dilute to 1 L with H20, and pH was adjusted to 9.6, (2) AcAm. solution 

(20%): 20 g AcAm., 0.54·g Bis, and 7.2 g glycine dissolved in 100 ml of 

buffer solution, and pH was adjusted to 9.6, (3) TEMED solution: 0.46 

ml of TEMED dissolved in 100 ml of buffer solution. 

The elctrophoresis was done with and without a stacking gel and 

there was no observable difference in the band widths of membrane com­

ponents·and·referenee·molecules such as BSA, The discontinuous pH 

between sepaFating gel; stacking gel, or buffer solution produced broad 

smeaFs, ·The reason was not known, To prepare twelve 5% gels, AcAm. 

solution, 6 ml, TEMED·solution, 3 ml, and buffer solution, 15 ml, were 

mixed and then persulfate, 20 mg, was dissolved and the solution was 
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quickly de-aerated. The solution was transferred into pre-coated gel 

tubes to same height, and distilled water was layered on the surface. 

The total procedure, after the ammonium persulfate was added, should be 

less than ten minutes, 

The sample concentration was typically 1 mg per ml in the same 

buffer soltuion containing 15~20% glycerol, A volume of 30µ 1 of sample 

was loaded to each tube. The electrophoresis time was three hours at 

96 mA and 130 V for twelve tubes. The staining and destaining procedure 

was identical to the SDS system. 

4. Gel Scanning Method 

A UV spectrophotometer, Beckman DU which is equipped with a Gilford 

Gel Scanning System and Recorder 2,000, was used for this study. The 

wave length- used- for Coomassie Blue stained Gel was 550 nm. The slit 

opening and-vernier scale knob-were adjusted, with full scale ratio at 

O. 25 so that -absorbance unit, LO, is equivalent to the full scale of 

the recorder chart; The recorder chart speed was eight inches per 

minute and-scanning-speed-was two cm per minute. 

The lower end of-the gels-were cut in order to place the gels 

without any strain in a 10 cm cell, The cell was filled with 7% acetic 

acid and the bubbles were eliminated by using thin plastic tubes, 

5. Protein Determination Methods 

The method of Lowry et al. (65) was used for most protein determina­

tion. When the protein solution contains mercaptoethanol, which produces 

a dark color with phenol reagent, the method of Geiger et al •• (66) was 

used with some modification~· Hydrogenperoxide was added to the sample 
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solution before the addition of alkaline copper mixture so that complete 

oxidation of sulfhydryl group is possible. The oxidized mercaptoethanol 

also produces some color with phenol reagent, but much less than the 

color intensity which was produced by oxidation of mercaptoethanol-

alkaline copper complex. This slight modification enabled measurement 

of the amount of protein in the presence of more than 25 mM of mercapto-

ethanol so that extensive dilution of protein solution could be avoided. 

The standard cu:nre·-was -made as fallows: to test tubes (16 x 150 mm) 

containing 100µ l af 1% SDS, Oil·M phosphate buffer, 1% mercaptoethanol, 

various amaunts of···BSA (up·· to 200 mg), and water were added to make 

,,1.0,-ml. Then; 0·.20ml of Oi3% H202 ·was·mixed well and heated at so0 c 

for ten·minutes, ·Alkaline copper reagent, 1 ml, was mixed and heated at 

0 SOC for tenminutes. ·Finally two ml of phenol reagent was added and 

allowed to stand for one hour at room temperature before reading the 

absorbence at 700 nm. 

6. · Gel· Filtration·· Chromatography of 

GuHCl Soluble GBM 

Bio-Gel A-15 m (200-400 mesh) was packed to a height of 140 cm in 

a glass column (2.0 x 150 cm) fitted with a 400~mesh nylon filter. The 

column was equilibrated with 1% SDS, 0.01 MTris-HCl buffer, pH 7.0, 

0.02% sodium azide under a hydrostatic pressure of 30 cm. Prior to use 

the Bio-Gel was washed with several volumes of the equilibrating buffer 

system on a sintered glass funnel to remove soluble carbohydrate 

material; as monitored· .. by the· an throne reaction, 

The·6.0·M GuHCl soluble GBM fraction (120 mg), prepared as pre-

viausly·described; was dissolved in 5 ml of 5%: SDS, 0.01 M Tris-HCl 
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·buffer; ·pH 7,0, which·contained 0~02% sodium azide as preservative. The 
0 . 

mixture·was·incubated for·one hour at 37 C with shaking and then cleared 

of·cloudinessby centrifugation at 4,000 x g for 10 minutes. The sedi-

ment was washed with buffer and the wash and the supernatant combined. 

The total weight of the sediment was less than 3 mg which represents 
/ 

less than 3% of the GBM fraction~,. The solubilized material (6. 7 ml 

containing 113 mg of GBM)·was applied to the column and eluted with 

the equilibrating buffer under a hydrostatic pressure of 30 cm which 

permitted a flow rate of 18 ml per hour. Fractions of 6.0 ml were 

collected and stored immediately in a cold room until further analyzed. 

The protein·content·of·the fractions was determined by the Lowry method 

(65}. Aliquots of the fractions were subjected to SDS polyacrylamide 

·gel electrophoresis·in the presence and absence of 2-mercaptoethanol as 

described below. Fractions whieh showed bands by the SDS electrophoretic 

procedure·were pooled (Fractions I to VI). These pooled fractions were 

·further subjected·toSDS·polyacrylamide gel electrophoresis in the 

presence and absnece of 2-mercaptoethanol, The fractions were finally 

dialyzed exhaustively anainst distilled water at 4°c, lyophilized and 
. 0 

stored at -20 C. 

7. Purification of GBM Component VII 

Fraction III, 28 mg from the previous chromatographic step, was 

incubated for 12 hours at 37°c in 1 ml of 1% SDS, Tris-RC! buffer, pH 

7.0, 0.02% sodium azide which contained 50µ 1 of 2-mercaptoehtanol. 

The reduced material was then applied to a small column (1 cm x 90 cm) 

packed to a height of 80 cm with Bio-Gel A-15m (200-400 mesh). The 

flow rate was maintained at 3.9 ml per hour under a hydrostatic pressure 
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of 50 cm. Fractions of l ml were collected and aliquots analyzed for 

protein by the Lowry method (65) and subjected to SDS-polyacrylamide 

electrophoresis. The fractions which contained only component VII were 

pooled, dialyzed exhaustively against 40% methanol in water, at room 

0 temperature, and finally against distilled water at 4 C, then lyophi-

lized~ The total amount of component VII obtained was 11 mg. 

8. Ultracentrifugation 

All experiments of analytical ultracentrifugation were done by 

Patricio Riquetti, using a Spinco Model E Ultracentrifuge equipped with 

Schlieren and Raleigh interference optics and a temperature control unit. 

The molecular weight of the membrane component in 6 M guanidine 

hydrochloride in the presence of 1% 2-mercaptoethanol was obtained by 

sedimentation equilibrium analysis utilizing the high-speed method of 

Yphantis (67). The component was dissolved in 6 M guanidine hydro-

chloride 1% 2-mercaptoethanol with a final pH of 6,5 and dialyzed 

against the same solvent, The final dialysate was used as the reference 

solution, Ultracentrifugation was performed at 15-20°C with a 12 mm 

double sector cell equipped with sapphire windows using 3 mm column 

heights. Fluorocarbon FC-32 (0,02 ml, Beckman Instruments) was added 

to the sample-sector to provide a flat, transparent cell bottom. Rotor 

speeds-were selected so that the meniscus concentration would be essen-

tially zero at equilibrium, Runs were allowed to proceed until there 

was no further increase in fringe displacement with time, Following 

each experiment, a water blank was run without disassembling the cell to 

correct for cell window distortions. Interference patterns were mea-

sured in a Nikon two-dimensional mircocomparator, The blank was 
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evaluated in the same way to obtain the results of an average fringe. 

The natural logarithms of the differences between the blank-corrected 

fringe displacements and the·base line (ln X) was plotted against the 

2 corresponding radial positions in the cell (r ). The molecular weight 

(M.W) was calculated from the equation1 

2RT 
M.W = ~~~~~-

w2 (1-q> Ip) 

d ln X 

dr2 

in which <I>' is the effective partial specific volume of the protein, 

w is the angular velocity of the rotor, and pis the solvent density. 

The partial specific volume (v) of the component was calculated as 0.714 

from its amino acid composition. In dilute aqueous solutions preferen-

tial interactions between solvent and the protein are minimal and thus, 

v can be used in place of qi' in the equation. Howeve~ the choice of qi' 

for a protein in 6 M guanidine hydrochloride is somewhat uncertain. 

Hade and Tanford (68) and Castellino and Barker (69) have shown that¢' 

fpr several proteins may be decreased by as much as 0,01 cm3/g due to 

preferential interactions between guanidine hydrochloride and the 

protein. However, for most proteins examined in guanidine hydrochlbride 

v could be used for qi' without serious error and we have done this in 

our calculations. 

Sedimentation velocity experiments were run at 59,780 rpm at 

0 20-C with-single or double sector 12 mm cells assembled with sapphire 

windows. Photographs were taken with a phase angle of 60° at eight 

minute·. intervals; ·No corrections to standard condition were made for 

the-sedimentation coefficient values. 



9. Gel Filtration Chromtography for 

M.W Determination 
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The molecular weight of component VII was determined according to 

the method of Fish et al, (70) using a Sepharose 4 B column equilibrated 

and opera;ed in 6 M GuHCl, The component VII and standard proteins 

were reduced with excess 2-mercaptoethanol and alkylated with iodoacetic 

acid. The component VII was labelled with either a radioactive or 

fluorescence compound. 

The radioactive method was employed by Schwartz (40) incubating 

samples with 30µ c 3H-adetic anhydride per 5 mg protein. The mixture 

was shaken for one hour at room temperature and then dialyzed extensively 

against 6.0 M GuHCl. 

The fluorescein method was employed by Patricio Riquetti. The 

alkylated sample was incubated with fluorescein isothiocyanate on Celite 

in GuHCl solution containing 1% NaHco3 for one hour at room temperature. 

Excess reagent was destroyed by addition of glycine (71). Elution posi-

tions were monitored by absorbance at 280 nm when it is possible, 

cytochrome C was monitored at 410 nm, Blue dextran at 630 nm, and DNP­

alanine at 360 nm. When proteins were 3H-labelled, radioactivity was 

counted according to a method by Castellino (72). When proteins were 

labelled with fluorescein, column effluent was monitored with a fluores­

cence spectrometer. The excitation wavelength was 493.5 nm and 

fluorescence was measured at 530 nm. The calibration curve was obtained 

by plotting known molecular weight of each protein vs observed Kd. 

· The molecular weight of the membrane component was also determined 

by gel filtration chromatography using SDS as the protein denaturant. 

Standard proteins and the membrane component were prepared for 
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chromatography underident:ical conditions as those used for SDS gel 

electrophoresis described above, Samples were applied to a 0.6 x 110 

cm column packed with Sepharose 6 Bin 0,1 M phosphate buffer (pH 7.0) 

containing 0,1% SDS and 0.02% sodium azide. The column was eluted with 

the same buffer at a flow rate of 3,2 ml per hour and 1 ml fractions 

were collected,· The fractions were monitored for protein by absorbance 

measurement at 280 nm, 

10, Circular Dichroism 

The CD spectra were obtained with a Cary Model 61 Spectrometer 

using quartz cell of 1 mm pathlength, The concentration of the compon­

ent VII was 5.6 x 10-5 g/ml in 6 M GuHCl and 5.43 x 10-5 g/ml in 1% 

SDS, 0.1 M phosphate buffer, pH 7.0. Myoglobin, 1.54-4 g/ml in 1% SDS 

was used for comparison. The proteins were incubated with 1% mercapto­

ethanol at 37°C for three hours, followed by exhaustive dialysis against 

an appropriate buffer minus mercaptoethanol. 

11. Quantitative Analysis of Component VII 

a. Amino Acid Analysis 

Amino acid analyses were determined by hydrolyzing samples with 

HCl in a sealed evacuated tube with nitrogen for period of 24, 48, 

and 72 hours at 110°c. The hydrolysates were analyzed on a Beckman 

Model 120C automatic amino acid analyzer by the procedure of Guire et 

al. (73). The content of tryptophan was determined spectrophotometric-

ally by the method of Beneze and Schmid (74), The molar ratio between 

tryptophan -a:nd,.tyros-±ne wa:s,. est:tmated from s value plotted from the 
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reported observations. The content of methionine sulfoxide was analysed 

from the alkaline hydrolysate by·method of Odell et al. (75), which is 

also used for hydroxylysine glycoside analysis described in the fol-

lowing section. 

· ·b. Quantitative-Analysis of Sugar 

The galactose, glucose, ·mannose, and fucose were released by 

0 hydrolysis with 2 N sulfuric acid for four hours at 1000 C in sealed 

tubes. The hydrolysates were passed through a column of Dowex 50 (H+), 

200-400 mesh, and Dowex 1 (HCOO-); 200-400 mesh, as described by Spiro 

(44)~ The mexosamines were hydrolyzed in 4 n HCl at 100°C for six 

hours, then determined on the short column of the amino acid analyzer 

after elution from the Dowex 50 with 2 N HCl (15). Sialic acid was 

determined by the thiobarbituric assay method of Warren (76) after 

0 hydrolysis of glycoprotein with 0.2 ml of 0.1 N H2so4 at 80 C for one 

hour. 

c. Analysis of Hydroxylysine Glycoside 

Hydroxylysine glycosides, Glc-Gal-Hyl and Gal-Hyl were analyzed 

on the amino acid analyzer by the accelerated method of Odell et al. 

(75). ·The component VII, 1.50 mgt was placed in alkaline resistant 

plastic tubes and 0.20 ml of 2 N NaOH was added. The small plastic 

tube was put inside of a large test tube and evacuated with N2 gas. 
. . . 0 

The sample was hydrolyzed at 100 C for 24 hours, then neutralyzed with 

2 N HGl. The sample was diluted with 0.5 ml of the first buffer and 

the whole solution was introduced into analyzer. 



d. UV Spectrum 4nalysis 

The UV spectrum was obtained with a Varian Spectrophotometer 635 

modeL ·In alkaline·condition, 0.3 mg of the component was dissolved 

in 1.0 ml of 0,1 M NaOH. · In neutral condition, 6.0 M guanidine-0.1 M 

phosphate buffer, pH 7,0, was used. 
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CHAPTER III 

RESULT 

1. The Extraction of Whole Basement Membrane 

with GuHCl 

The extraction by 6 M GuHCl buffer was almost completed within 21 
hours. The amount of the first crop was 247 mg which was 95% of the 

extractable amount. The second crop was only 14 mg (5%) and this portion 

may have resulted from the incomplete washings of the insoluble portion 

in the previous stage because it was difficult to wash the precipitate 

with a limited volume. The first and second crops were compared by 

SDS gel electrophoresis and no differenc·e was found. The solubility in 

6 M GuHCl, 26%, is very close to the value estimated by protein estima­

tion on supernatant of 5% SDS phosphate buffer (25%) and 8 M urea buffer 

(27%) as previously reported (16). The in~oluble portion was washed by 

water repeatedly as shown in Figure 4. Th~ yield of insoluble portiort 

was 630 mg, which was considerably lower than the expected value since 

the total combined weight was 891 mg. The loss of approximate]y 11% is 

partly attributed to the fact that the insoluble portion in the hi~ll 

density solution of 6 M GuHCl is a thick jelly-like mixture and compl~te 

transfer of this sticky solution from each ~quipment was extremely 

diffieult. The one possibility IllflY exist that the extract procedure 

may produce free small molecules which are originally attached to large 

melecules and these may be lost at dialysis stage. 
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The water content before e~traction was not checked although whole 

membrane was kept in a desiccator. If this is the case, the soluble 

fraction is a maximum of 29%. 

2. Subunit Composition of GuHCL Soluble 

and GuHC:1 Insoluble Fractions 

Substantial knowledge-of the subunit composition can be obtained 

from SDS gel electrophoresis since SDS gel electrophoresis primarily 

separates each component by its molecular weight. The picture of gel 

electrophoresis is shown in Figure 5. GuHCl soluble portion, gel A, 

is shown to contain all ranges of components and some large m~lecular 

weight·components, which stays at the top of the gel. On reduction with 

mereaptoethanol this -large molecular weight component disappears, gel B. 

The reduced insoluble fraction gives several bands at only the upper 

part of gel C, which indicates that the insoluble fracti~n produces 

only large molecular weight components. The reduced whole membrane, 

gel. E>, shews aatarally- the-eombined result of gels B and c. The insolu­

ble fraction without reduction does not show any band in gel E, whicµ 

indieates·it is not soluble in the SDS buffer system. 

The gel photo scanning pattern of reduced whole membrane, GuHCl 

soluble and insoluble materials are shown in Figure 6. The whole 

membrane (Figure 6, A) consists of at least thirteen components 

ranging in molecular weight from 350,000 to 24,000 daltons. The mole­

cular weight of each component as measured by SDS gel electrophoresis 

is present in Table IV. The reduced GuHCl soluble fraction consists 

of all the components-present in the whole basement membrane except 

component I. 



Figure 5. The SDS Gel Electrophoresis Pa~tern. of Basement 
Membrane Components 

A: Guanidine Ex~ract without Reduction 
B: . Guanidine Extract Reduced by Mercaptoethanol-. 
C: Insoluble Portion with Reduction 
D: Whole Membrane Reduced by Mercaptoethanol · 
E: Ins-oluble Portion without Reduct.ion 
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A B c D E 

Figure 5. 



Figure 6. The Comparision of Photometric Scanning Patterns for 
the SDS Gel Electrophoresis Reduced Materials 

A: Whole Membrane 
B: Guanidine Soluble Materials 

This is identical to Figure B except reduction 
of scale to compare other materials. 

C: Guanidine Insoluble Materials 
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Component 
number. 

I 

II 

III 

IV 

v 

VI 

VII 

VIII 

IX 

x 

XI 

XII 

TABLE IV 

MOLECULAR WEIGHTS OF BOVINE GLOMERULAR 
BASEMENT MEMBMN'E COMPONENTS· 

Molecular weight 

350,000 

260,000 

225,000 

195,000 

185,000 

144,000 

140,000 

105,000 

79,000 

59,000 

44,000 

24,000 

a . 
Determined by sodium dodecyl sulfate polyacrylamide 
gel. electrophoresis. · The estimation was made under 
the same condition as shown iQ. Fig 14 using 5% gel. 
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The major quantitative difference between Figure 6, A and Figure 

6, Bis relative height of peaks III, IV, V and XI. 

3. Estimation of Subunit Crosslink by Intermolecular 

Disulfide Bond 

a. Subunit Composition with and without 

Mercaptoethanol Reduction 
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The subunits, whieh· are eresslinked by disulfide bonds, are easily 

reduced by excessmereapteethanol in the incubation mixture. The reduced 

materials areexaminedby SDS·gel electrophoresis and individual peaks 

were identified. The,GuHCl·soluble fraction was compared by gel electro­

phoresis,between before and after mercaptoethanol reduction (Figure 7). 

The 1:eductien of the GuHCl soluble portion changed most of the compon­

ents· exeept peak· VII.··· The· tap part· ef the gel, peak A, completely 

vanished -as shewn in the·0picture and its scanning pattern. The peak E 

dee?'eased·substantially,te-beeeme a minor component VI, resulted in 

outstanding protein band of VIL The new components VIII and XI 

appeared·as·rather 0 st1:engbands, These smaller molecules were also 

observed in the·reduced whole membrane. This comparison indicates that 

some subunits are crosslinked by disulfide bond, however, which of the 

individual subunit that are crosslinked remain to be determined. Some 

peaks such as C and IV or F and VII are believed to be identical judging 

from the migration distances. 



b. Fraetienation of Components by Gel 

Filtration Chromatography and.Subunit 

Analysis of Fraction 
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In an attempt to determine which subunits are crosslinked by disul­

fide bonds to form highermelecular weight i:1.ggregates, the GuHCl soluble 

portion was fractionated on a Bio-Gel A-15 column, and the fractions 

then submitted to subunit analysis, The fractionation profile is shown 

in Figure 8, The elution pattern based on.Lowry protein measurement 

showed a relatively smoeth curve. It was thought at the beginning that 

the separation by thismethod was incomplete. However, when the effluent 

of ·several test tubes were examined by SDS gel electrophoresis, it was 

found that remarkable separation was observed. The content of all test 

tubes were examined·by SDS gel electrophoresis, loading 50µ 1 or 100µ 1 

of each sample onto each gel tube. The relative concentration of indi­

vidual peaks observed in the gels were compared and similar fractions 

were pooled as shown at the bottom of Figure 8. The test tubes which 

contained two groups of proteins at almost equal ratio were two or three 

tubes, and the total-protein in these·test tubes were negligible amount 

because these were located at borderline where two groups of protein 

content were usually low. 

The pooled fraction was again examined by SDS gel electrophoresis 

with and without mercaptoethanol in incubation mixture before electro­

phoresis. The result of the staining pattern of each gels were recorded 

by a gel photo scanner. The scanning pattern of the pooled fraction 

fromI to V are shown in·Figure 9, The left column shows the fraction 

before mercaptoehtanol reduction and the right column shows the fraction 



Figure 7. The Photomet:ric Scanning Patterns of the;GuHCl 
Soluble and the Reduced Soluble Fractions 

A: Guanidine Extract 
B: Guanidine Extrac~ Reduced by Mercaptoethanol 
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Figure 8. The Elution Pattern .of the Soluble _Fraction from 
Bio-Gel A-15m, (First Gel Filtration Column 
Chromatography) 

Numbered areas designate tubes which were pooled for further 
study. 
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after reduction (R stands for reduction). (The pooled fraction VI was 

not shown because the result-of gel electrophoresis under the same 

condition did not show meaningful protein band staining, and the appli­

cation of large amounts of pooled fracti9n VI on 10% gel, 300µ 1 

instead of 50µ 1, gave some smear-similar to the pooled fraction V.) 

It was,concluded that the molecular weight of these components were 

smaller than chymotrypsinogen (M.W 26,000) and these components were 

difficult to identify,under these conditions. The pooled fractions 

·without reduction in gel electrophoresis showed a relatively simple 

pattern. The reduction of each fraction gave very complicated pattern 

as shown in Figure 9. 

Fraction I contained only a large molecular weight component (A) 

whose molecular weight was estimated more than 350,000 daltons by 

extrapolation from SDS gel electrophoresis molecular weight determina­

tion·method. Some tailing was-observed, but there was no clear band 

penetrated inside of the gel. The reduction of I exhibited impressive 

changes in its gel pattern. Component A disappeared and at least 13 or 

more · components appeared in·· the gel. Some of the minor band cannot be 

identified because the scanning of a round gel has several problems by 

the available photoscanner. Nevertheless, it Wi,S possible to correlate 

each component qualitatively. There are several 4istinguished peaks in 

the reduced I. 0 The highest-peak IV was observed with several other minor 

components around IV.·. The peak VII was clearly separated from others 

and readily noticeable, ·The other-bands, smaller molecules than IX, are 

-characteJ;istic which are also observed in other reduced fractions. 

·Fraction II contains·a·felf components which are clearly separated 

from-the large molecule 0whichcould not penetrate the 5% gel. By 



Figure 9. Photometric Scanning Patterns from the SDS Gel 
Electrophoresis of the Pooled. Fractions and 
their Reduced Fractions· 

Each number corresponds to fraction nmnber of Figure 8. 
R stands for "reduced". 
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photoscanning only two·peaks·were observed, but these peaks were so 

closely located that three sharp protein bands could not be resolved 

by this method. The pattern was s~mple and no small molecular weight 

component was observed which is somewhat similar to I. The reduction 
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of II (IIR) gave a variety of new peaks which are commonly found in IR 

altheugh the 0 relative,·height of eaeh peak was different. Peak VII 

was the highest·peak·in·IIR and the major difference between IR and 

IIR·appeared··to-be the-:r:elative-amount ·of peak VII content. The other 

diffe:r:enee 0 obse:r:ved·between IR and !IR was the quantitative amount of 

peaks from·II·to V·although these were not clearly visible by the 

scanning· pattern, Peak C ·. in II and peak IV in !IR seemed to be identical 

from mobility measurement observation. 

·, Fraction III contained mostly peak F and the closely located peak 

E -a'ad -was, practically ·-free --from-ether components. The reduction of II 

indicated· that ·peak ··E -decreased considerably and became a minor com­

ponent.· Peak F·whieh was believed to be identical to peak VII did not 

change-in its relative amoW1t. The minor component, which appeared as 

a· shoulder of peak F, -was·· also ·decreased. The several smaller molecular 

weight components which were believed to be peaks VIII to XIII were also 

observed.in IR and-IIR' although the identification of individual peaks 

wer.e rather diffieult. These observations led us to isolate this 

component VII in pure form in order to study the chemical and physical 

properties. 

Fraction IV showed rather simple scanning patterns because each 

protein band was not-as sharp as the higher molecular weight components. 

'Fh-e1:e:eere;-·eve1:lapping 0·ne:i:ghbori:ag -protein bands made a rather smooth 

eurve 0-aite:E'-seanning~ ·but the-actual protein bands were more complicated 
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and the individual identification was rather difficult. Peak F was 

observed in small quantities-as was expected due to the incomplete 

separation of column chromatography. The major components were three 

· borad-protein bands, and included H. The reduction of IV gave destruc-

tion·of these broad·bands and 0yielded several peaks which were rather 

easily identified. Peak·F was-not changed by the reduction and became 

easily recognizable·from·other components. 

Fraction V looked more complicated than IV due to smaller molecular 

weight components. Peaks I, K, and Land other minor components were 

overlapped in this fraction and precise identification was rather diffi-

cult as previously mentioned in case of IV due to lack of sharpness of 

each-protein band. The same problems were also encountered after reduc-

tion, ·but several peaks were easily recognized. Unlike other fractions, 

peak IX was not observed in VR' but peaks XII and XIII were present in 

rather large amounts·· relative to other fractions. 

- ··The following conclusions could be deduced by the overall observa-

tions-from these experiments: 

(1) The GuHCl spluble fraction consists of relatively large 

· ~olecula·F-··we;f;gh-t-· ~ompo~ents, 
\,:• J 

(2)· ·The, large ··molecular weight ·components are held together by 

non-covalent: ··bonds ·because these ,were fractionated. 

· - (3) The· large '·eoinponent such as peak A and peak B were completely 

disintegrated by mercaftpe~hanol reduction, 

· ·(4) The mercaptoethanol reduction of these peaks A and B produced 

all ranges of molecular weight-components and did not produce inter-

mediate products alone, such as peaks IV and VII. 



(5) Some large molecular weight components such as peaks C and 

F were stable to mercaptoethanol reduction, or at least the molecular 

weight of C and F did not change 1 
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(6) The products that resulted from the reduction of the larger 

component-a 0were -net- -·random :ln molecular weight. Some of the products 

such as XI, XII, and XIII were always observed after the reduction even 

if the initial components were not largest in molecular size such as 

the peaks H, I, and K. This·means that peaks XI, XII, and XIII may be 

the·lllercaptoethanol·redueible smallest size of the membrane. 

(7) The intermediate size components such as peaks Hand K 

showed rather broad bands and the reduction of these peaks gave sharper 

bands. The positions of peak XII is located at the bottom end of gel 

where protein bands have tendency to become wider than at the position 

of peaks Hand K. 

(8) It is possible that the GuHCl soluble fraction contains 

smaller protein components (i.0,000 M.W), but large enough to retain in 

a dialysis bag. These proteins can be detected by Lowry protein 

determination, but not by gel electrophoresis because the gel concentra­

tion, electrophoresis duration, fixing of protein to avoid diffusion 

of small molecules, and staining condition are not designed for small 

molecular weight protein. This may explain why VI cannot be de.tected 

by gel electrophoresis. However, the amount of VI is fortunately not 

large by-weight basis, 



4. Isolation and Purification of 

Component VII from IIIR 
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Since III contained only a few components and was rich in component 

F, it was natural to give attention to this component. It was known that 

the amoutn of peak E was decreased considerably by the reduction, but 

peak VII, which seemed to be identical to peak F, was not changed by 

mercaptoethanol. Furthermore, a very thin protein band, which was 

recorded as a shoulder of peak Fin III, was decreased consider&bly. 

Several smaller components were produced after the reduction, but it 

did not cause any problem to purify component VII since the molecular 

weight of these smaller molecules were totally different from component 

VII. The result of rechromatography by using a high L:D ration column 

was followed by the Lowry protein determination method (Figure 10). 

The elution pattern indicated the presence of impurities before and 

after the major peak. The fractions of all test tubes were examined 

by SDS gel electrophoresis. The fractions which contained only the 

component VII were pooled. The pooled component VII was compared with 

IIIR by SDS gel electrophoresis in Figure 11. The top figure, A, was 

·····!HR ·which contained VI, IX, XI, XII, and XIII in a small quantity. 

The bottom, B, was a scanning pattern of the purified component VII 

which·was free of any impurity. The purity of the pooled component 

VII was checked by several different methods. 

(1) The fluorescein labelled component VII was eluted as a single 

peak from gel filtration column chromatography when the molecular 

weight was determined. 

(2) Component VII showed a single synunetrical peak in Schlieren 

optical system when sedimentation velocity experiment was done. 



Figure 10. The Elution Pattern of Component VII from the Second 
Gel Filtration Coluillll,Chromatography 
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Figure 11. · Photometric Scanning Pattern from SDS Gel 
Electrophoresis of Component VII before,. A, 
and after, B, Purification 
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(3) The sedimentation equilibrium experiment was done and high 

speed meniscus depletion technique was used, The plot of the logarithm 

of the Raleigh fringe displacement vs. the square of the distance from 

the center of rotation r 2 was straight to the bottom of the cell. 

(4) The single band in SDS gel electrophoresis is not always a 

single component because there is a possibility of the presence of the 

size isomer. The gel electrophoresis of component VII without SDS was 

performed. The gel and buffer contained Tris-glycine buffer at pH 9.0. 

The possibility of the presence of a charge isomer was eliminated by 

using different gel concentration. The result of gel electrophoresis 

is shown in a picture (Figure 12). The mobility of the protein band 

was also plotted against gel concentration. It was shown to be a 

straight line as shown in Figure 13, 

5. - Chemical and Physical Properties of-

Component VII 

a. Molecular Weight Determination 

(1) SDS Gel Electrophoresis •. The standard line was drawn from 

observed mobility of standard proteins and their known molecular weight. 

The-mobility of component VII was very close to e ... galactosidase which 

has a molecular weight of 135,000, The estimated molecular weight of 

component VII from Figure 14 was 139,000 in 5% gel. It has been 

reported that collagen molecule frequently showed anomalous behavior in 

SDS gel electrophoresis (94-96). Most of standard proteins are globular 

proteins and component VII has some characteristic collagen features. 

The possibility of a different mobility with different gel concentration 



Figure 12. Picture of Component VII in Tris-Glycine 
Gel Electrophoresis of Different 
Gel Concentrations 
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Figure 12. 



Figure 13. The Electrophoresis Mobility of Component VII in 
Diffet"ent Gel Concentrations 
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Figure 14. SDS Gel Electrophoresis of Component VII with 
· Several Standard Proteins 

The molecular weights of the standard proteins are: myosin, 
220, 000 (77, 78); 8-galactosidase, 130, 000 (79); phosphorylase A, 
94,000 (80); BSA, 96,iOOO (100); ovalbumin, 43,000 (81); 
chymotrypsinogen, 25,700 (82). 
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was examined. The mobilities of component VII based on chymotrypsino~ 

gen as internal standard were essentially constant as shown in Figure 

15. An average molecular weight of 136,000±3,100 daltons was calculated 

as the arithmetical mean value obtained for different percentage of 

acrylamide. 

(2) Other Techniques. The molecular weight of compone~t VII was 

also determined by ultracentrifugation and gel filtration column chroma­

tography methods by Patricio Riquetti. 

The summary of the data is shown in Table V. The molecular weight 

in SDS system was shown to be 140,000 daltons and 6 M GuHCl system 

indicated 70,000 daltons. 

b. Amino Acid Analysis 

Amino acid composition of component VII is shown in Table VI. This 

analysis revealed that component VII contains not only all of the 

connnon amino acids, but also contains hydroxyproline and hydroxylysine 

which are also found in collagen. The highest amount of amino acid 

is glycine, 13%, but it is still very low compared to a typical collagen 

of 33%, The amino acid pattern is listed in Table VIII. Component VII 

contains a large amount of polar amino acids such as glutamic acid, 

The total amount of polar amino acids exceed more than 50% which may be 

partly ~esponsible for its solubility. The amount of acidic amino acids 

is almost twice that of the basic amino acids. Aromatic amino acids 

and sulfur containing amino acids are relatively high compared to the 

insoluble portion and collagen. The amino acid content is low but lysine 

and hydroxylysine are essentially the same in amount. The amount of 



Figure 15. Molecular Weight Determination of Component.VII 
by Different Gel Concentrations of SDS 
Electrophoresis 
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TABLE V 

SUMMARY OF MOLECULAR WEIGHT DATA FOR COMPONENT VIi 

Method of 
determination 

Sedimentation 
d equilibrium 

Gel filtration 
chromatography 

Polyacrylamide 
electrophoresis 

Gel filtration 
chromatography 

a,d 

d 

Solvent Molecular weight 

6 M guanidine 68,000 ± 3,000 
hydrochloride-
1% mercaptoethanol 

6 M guanidine 12.000 ± 2,000 
hydrochloride 

1% sodium dodecyl 136,000 ± 3,100 b 
sulfate-1% mercapto-c . 
ethanol ' 

1% sodium dodecyl 140,000 ± 2,000 
sulfate-1% mercapto-
ethanol 

a Component VII was, reduced and ca.rboxymethylated. 

b 
Arithmetical mean of values determined with polyacrylamide gels 

ranging i~ acrylamide concentration from 4 to 11%. 

c Protein was dissolved in. this solvent and electrophore~;l.s was· 
carried out .in 0.1% sodium dodecyl sulfate. 

d Measured by Patricio Riquetti. 
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TABLE VI 

AMINO ACID COMPOSITION OF COMPONENT VII 

Amino Acid moles ms Residue Residue 

100 mg protein 100 mg protein 1000 amino acids 70,000 daltons 

Lysine 24.1 3.09 29.6 16.9 

Histidine 17.5 2.41 21.5 12.3 

Arginine 44.8 6.99 55.1 31.4 

Hydroxy lysine 7.0 1.01 8.6 4.9 

Aspartic acid 60.0 6.89 73.7 41.9 

Threonine a 41. 8 4.22 51. 4 29.3 

Serine a 65.6 5.70 80.1 45.9 

Glutamic acid 94.4 12.19 116.0 • 66.1 

Pro line 56.8 5.52 69.8 39.8 

Glycine 109.8 6.27 134.9 77.0 

Alanine 58.3 4.15 71.6 40.8 

Halfcystine 22.9 2.36 28.1 16.1 

Valine b 49.9 4.96 61. 3 35.0 

Methionine c 9.0 1.19 11.1 6.3 

Methioninesulfoxide 3.1 0.51 3.8 2.2 

Isoleucine b 26.0 2.95 31. 9 18.2 

Leucine b 54.9 7.19 67.4 38.4 

Tyrosine 17.4 2.84 21.4 12.4 

Tryptophan d 9.2 1. 72 11.3 6.6 

Phenylalanine '23.1 3.41 28.4 16.2 

Hydroxyproline 18.2 2.06 22.3 12.7 

Total 813.8 87.63 999.3 570.4 

a Estimated by extrapolation at O time hydrolysis at 24_,48 and 72 hrs. hydrolysis. 
b Values are taken from 72 hrs. hydrolysis. 

c Average of duplication at 24 hrs. hydrolysis •. 

d Estimated from UV absorption spectrum. 
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hydroxylysine of component VII is comparable to that of collagen but 

much less than the insoluble portion, The difference between the base-

ment membrane and collagen is apparent in three amino acids. The GBM 

contains cysteine,tryptophan, and 3~hydroxyproline. These amino acids 

are not observed in interstitial collagens, Especially the presence of 

cysteine:in basement membrane is ·very significant in terms of membrane 

structure because this is a major crosslinking system in the basement 

membrane. Collagen has-different kinds of crosslinkage which was dis-

c~ssed·earlier in Chapter I. ·The hard core insoluble portion of GBM 
I 

wpich·cannot be made soluble by-incubation with mercaptoethanol in 8 M 

urea and 1% SDS solution may contain some kinds of cross links which 

are reportedly similar to·those found in collagen. These findings 

from the amino acid analysis alone indicate that component VII shows very 

little resemblance to interstitial collagen, although the insoluble 

portion of the GBM is similar to collagen in many respects. 

c. Carbohydrate Analysis 

·The ·ree1:1lt:>of · the carbohydrate analysis is shown in Table VII. All 

carbohydrate compenen-ts found in the whole membrane, insoluble portion 

and·soluble·portion are also found in component VII, but the ratio of 

each carbohydrate residue is considerably different. The total residue 

of carbohydrate per·l;OOO amino acid residues are not mµch different 

between·the·insoluble·portion·and component VII. The largest amount of 

carbohydrate found in·component VII are galactose and glucosamine, 

wh-:He ···t:he~·i:rtso~ab-1e ·p&rtion or the whole membrane contains mostly 

glucose·and·galactose. The-amount of galactose is three times that of 

glucose in component VII while the insoluble portion contains 



TABLE vn 

CARBOHYDRA.TE COMPOSITION OF COMPONENT VII 

Monosaccharide Moles mg Residues Residues 
100 mg of 1000 of 1000 70,000b a protein protein amino acids M.W 

Hexose 22.1 3.57 27.5 15.2 

Mannose .· 4.4 o. 72 5.5 2.8 

Galactose 13.0 2.10 16.2 9.1 

Glucose. 4.7 o. 75 5.8 3.3 

Hexosamine c 16.3 3.15 20.4 11.5 

Glucosamine 12.8 2.47 16.0 9.0 

Galactosamine 3.5 0,68 4.4 2.5 

Fucose 1.5 0.21 1. 8 1.0 

Sialic Acid d 5.0 1.53 6,1 3.4 

Total 44.9 8.46 55.8 31.1 

a The calculation was based on data from amino acid composition 
Table I. 

b The tentative value 70,000 was employed. 

c 
Average .of dupl!cate analysis after hydrolysi.s with 4 N HCl for 

6 hrs. at 100 C and expressed as N-acetyl derivatives, 

d 
Average of duplicate at1,alysis by thiobarbituric method. · 
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essentially the same amount of glucose and galactose, The hexosamine 

content in compon:ent·VII as well as the sialic acid content indicate 

that component VII contains a large amount of heteropolysaccharide and 

only a small amount of glueose~galactose disaccharide units. The 

presence·of·glueose·in basement-membrane is significant because poly­

saccharide·units known·to date never contain glucose, and glucose is 

always found in hydoxylysine linked simple saccharide unit. The pre­

sence of heteropolysaccharide unit was reported by Spiro (44). 

According to his -proposal, · the het~polysaccharide unit consists of 

galactose, ·mannose, glucosamine; sialic acid, and fucose in ratio of 

4: 3 :· 5 :· 3: 1, respectively. · Since _glucose is not included in this unit 

but·in the disaecharide unit, the amount of glucose indicates the amount 

of disaccharide and the amount of fucose indicates the amount of 

heteropolysaccharide. The ratio between the disaccharide unit and the 

heteropolysaccharide unit in the whole membrane, insoluble fraction, 

·soluble fraction, and component VII are 10:1, 11:1, 4:1, and 3:1, 

respectively. Component VII contains much less disaccharide units and 

much more heteropolysaccharide units. The heteropolysaccharide unit 

did not· account·· for the presence of galactosamine, however, component 

VII contains considerable amount of galactosamine and much excess of 

glucosamine, The probable explanation is that there are other kinds of 

heteropolysaccharide·units which contain galactosamine (S) (see discus­

sion). 



d. Quantitative Analysis of Hydroxylysine 

Glycosides 

87 

It has been known that the·basement membrane contains glucose­

galactose carbohydrate unit which is connnonly found in interstitial 

collagen. Since component VII was found to contain glucose, the pre­

sence of a disaccharide unit was predicted. The result of amino acid 

analysis after alkaline hydrolysis of component VII is shown in Figure 

16. This rapid analytical·method was recently developed by Odell, et 

al. in our laboratory. The method enabled us to estimate the amount of 

glucose-galactose-hydroxylysine, galactose-hydroxylysine, and free 

hydroxylysine quantitatively·using leucine as a natural internal 

standard.·· The color·yields were obtained from separate analysis using 

known ··amount of each-:1,esidue ·by this method, Compi:>nent VII was found 

·to contain 7. 5 residues of·. glucose-galactose disaccharide unit per 

1;000 amino acid residues and 1,4 residues of free hydroxylysine residue. 

·The amount of galactose-hydroxylysine was almost negligible (0.04 

residue). The amino·acid analysis from acid hydrolysate previously 

showed a total of 8.6 residues in the component. The combined hydroxy~ 

lysine residue from this analysis shows 8.9 residues which is very close 

within experimental error. This analysis indicated that about 84% of 

hydroxylysine is glycosylated and only 16% was present as free hydroxy­

lysine in component VII. 

e. Circular Dichroism 

The circular dichroism spectrum of component VII in both SDS and 

GuHCl buffer solution was obtained in order to estimate its conformation 

under·these conditions. A·globular protein, myoglobin, was used as a 
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Figure 16. The Chromatogram of Hydroxylysine and its Glycoside 

A: Whol.e GBM Hydrolysate . 
B: Component VII Hydrolysate 
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reference protein molecule under same conditions (Figure 17). In the 

presence of 6 M GuHCl; both component VII and myoglobin exhibited almost 

an identical simple downward curve with no maximum or minimum point. 

This indicates that component VII under this condition is in a com­

pletely unordered random coil conformation. 

On the other hand, component VII in 1% SDS buffer exhibited a 

broad shoulder around 215 nm and a turning point of this shoulder was 

found somewhere around 222 nm. The minimum ellipticity was observed 

at 205 nm and the cross over point at 195 nm. Myoglobin in the same 

buffer showed ellipticity minima at 207 and 222 nm and maximum at 215 nm. 

This curve indicates that myoglobin under this condition still retains 

a large amount of a-helix.· ·The component VII in SDS is not a totally 

random coil from this-observation although the difference in two buffer 

-systems is not so clear cut -as- in the case of myoglobin. 

···Several attempts were made to calculate the percentage of a•helix 

content empirically using several globular proteins whose secondary and 

tertiary structures are-known by x-ray analysis (83). These equations 

are not always satisfactor-y-due to a wide deviation of average values. 

A tentative calculation based on Chen and Yang was attempted. The 

calculated values of -a-helix cont·ent of component VII in SDS buffer 

solution are 23.8% at 220 nm and 26.5% at 222 nm. If the maximum 

deviation is included, these values are estimated to be somewhere 

between-16.6% and 33.8%. The-same calculation is applied to myoglobin 

in SDS-buffer. The-result-showed that the myoglobin molecule still 

·retains -89% -of -original -a-helix content. The empi1116cal equation was 

based-on-small globular molecules-so that application of these 

coefficients to a-collagen-type molecule may lack some certainty. For 



Figure 17. CD Spectrum of Component VII and Myoglobine 

A: 
B: 
C: 
D: . 

Component 
Myoglobin 
Component 
Myoglobin 

VII in 6 M GuHCl 
in 6 M GuHCl 

VII in 1% SDS 
in 1% SDS 
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our experiment:s; the-validity-is not important to the overall conclu­

sion in this case. 

-f, Ultraviolet Absorption Spectrum 

One-of the differences between interstitial collagen and the 

basement membrane is the amount-of aromatic amino acids. The amino 

acids mainly-responsible for the absorption of ultraviolet light at 

280 nm are tyrosine and tryptophan. Tendon collagen contains only 5 

residues of tyrosine per 1,000 amino acid residues and totally lacks 

tyrptophan, while component VII contains 21 residues of tyrosine and 
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a substantial amount of tryptophan. The hyqrolysis of a protein using 

strong acidic condition destroys most of tryptophan residues. Therefore, 

the amount of tryptophan cannot be obtained from the acid hydrolysis 

while optical method gives satisfactory results in tryptophan analysis 

without consumption of samples. The UV spectrum of component VII in 

neutral pH and alkaline pH are shown in Figure 18. Skin collagen was 

also included for comparison. Component VII at neutral pH showed a 

simple curve with an absorption maximum at 275 nm. When component VII 

was -in alkaline pH (0,1 N, NaOH)~ the absorption spectra showed typical 

bathochromic effect, shifted to longer wavelength, and the maximum 

peak was split into two peaks due to ionization of tyrosine. Two 

maxima were found at 290,3 nm for tyrosine and 284.5 nm for tryptophan. 

The tyrosine,-tryptophan molar ratio and then each amount of tyrosine 

and tryptophan can be calculated from a slope of two peaks and absorption 

maximum by method of Beneze and Schmid (74). The amount of tryptophan 

was found to be 9.2µ moles per 100 mg, which is equivalent to 11.3 

residues per 1,000 amino acid residues. The amount of tyrosine was also 



Figure 18. · UV Spectrum of Comppnent VII 

A: Component VII in 0.1 N Na OH 
B: Component VII in 6 M GuHCl, pH 7.0 
C: Calf Skin, Acid Solub-le Collagen in 0.1 N NaOH 
D: Calf Skin, Acid Soluble Collagen in 6 M GuHCl, 

pH 7.0 
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calculated from acid·hydrolysis·and the result from UV analysis by this 

method was satisfactory. This analysis revealed that component VII 

has little similarity to the collagen molecule because the collagen 

contains only a small amount of aromatic amino acids while GBM contains 

a substantial amount. 



CHAPTER IV 

DISCUSSION 

The renal GBM has attracted the study of many investigators 

because of the prime importance of its physiological function and th~ 

direct relationship of its morphological changes observed in many 

disease states, such as diabetes (84, 85, 86). The major problem in the 

study of the basement membrane is the difficulty of obtaining pure 

membrane in a suitable amount for detailed investigations. Fortunately, 

the renal GBM is relatively easy to isolate from kidney without using 

drastic conditions, such as alkaline extractions to separa,te it from 

other tissues (22). The improved techniques, developed by Spiro (44), 

were successfully used and whole membrane in a gram quantities wete 

obtained. The purity of the membrane is one of major criteria in this 

field, and.since it i~ not soluble the purity has to be checked orl a 

morphological basis with a microscope. The chemical analysis indicated 

that the possibility o.f contamination of cellular membrane was limited, 

but other components, which are similar to GBM, would be extremely 

difficult to detect (87). Nevertheless, it is .believed that the whole 

membrane preparation was pure enough for most cases. Some·of the 

analyses, which have been done for e~ch membrane preparation routinely, 

were amino acid analysis, carbohydrate analysis, and SDS gel electro­

phoresis. Several different membrane preparations gave identical 
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analytical values and gel patterns. These were indications that the 

membrane preparations were pure or at least consistent in its qualitie$, 

The insoluble nature of GBM is another problem for investigating 

the membrane. The whole membrane cannot be solub:t.lized wit~it .aing 

strong hydrophilic agents, such as 8 M urea and 6 M GuHCl or SDS (22). 

A portion of the membrane (26%) is soluble and extractable with 8 M urea 

or 6 M GuHCl. Extracts with both 8 M urea and 6 M GuHCl are identical 

based on the observations from the SDS gel electrophoresis with and 

without mercaptoethanol. Apparently these components (subunits) are 

held togethe~ by non-covalent bonds, The soluble portion contains 

many components with molecular weights ranging from 350,000 to less than 

24,000 daltons. Since the reduction of the soluble portion yielded 

smaller molecules, and the large molecular weight components, 350,000 

daltons, had disappeared, then this indicated that the large molecular 

weight components are held together mainly with disulfide bond(s). It 

is interesting to note that the reduction by mercaptoethanol produced 

small molecular weight components. Similar components were also found. 

in the non-reduced GuHCl extracted portion. In other words; the 

reduction did not produce smaller molecules at random. These findings 

were also confirmed by reduction of each pooled fraction after gel. 

filtration column chromatography. Fraction I to V, all showed the same 

behavior, i.e., th~ reduction of the large components such as B, E, and 

H, produced smaller components such as IX, X, XI, etc .. There was one 

exception irt these components; component F, which was supposedly 

identical to component VII based on its migration distance upon SDS 

gel electrophoresis, was not changed by mercaptoethanol reduction. If 

there is any change, such as the reduction of .intramolecular bond(s), 
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the gross structures of the molecule and the molecular weight-appeared 

to be the same. 

Component VII is one of the _prod~cts of the reduction of·the larger 

components, such as components A and. B in Fig. 9. 'Ci\n.ponent E has a 

similar molecular weight to component F (VII) based on their ele~tro-

phoretic migration distances, however, the am.cunt of component· E was 

diminished considerably upon reduction. Component VII wa,s not produced 

from the reduction of the insoluble fraction, rather the reduction of 

the insoluble fraction produced only. larger component,s,;, l$Bdl as 

component III and IV, or similar molecular weight components, ·1,ut almost 

negligible.amount of components smaller than component VI -were formed. 

It is known that the major crosslinks in basement membrane are.disulfide 

bonds which are not found in interstitial collagen in general. It is 

also known that the basement membrane contains lysine ... derived cross-

links, but to a lesser extent than those founfi in collagen. It is not 
. ! 

known if the lysine-derived crosslinks of basement membrane are reduc-

ible, such as a Schiff base or the partly non-reducible crosslinks which. 

are often observed in collagen and elastin (88, 89), since the isolated 

and identified crosslinks in basement membran~ are chemically reduced 

by NaBT4• This can be determined with a mass spectrometer by the 

observation of relative intensities of (m-2) peaks against (m) peaks 

of the _isolated crosslink derivatives which are.reduced by NaBT4 (90-93). 

If component VII·cont~ins such J.ysine-clerived crosslinks, it is 

natural that,the reduction by mercaptoethanol does not-pro~uce any 

smaller comp.onents like IX or X+. 

If wild specu,lations are allowed, they would be as folfows: .. (1) 

since the amino acid and carbohydrate compositions of component VII are 
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very similar to the total GuHCl soluble fraction, but very different· 

from the insoluble portion, which is rather similar to collagen 

molecules, then component VII may be the most important intermediate in 

the formation of the non-collagenous portion of the GBM, whi.ch is formed 

from disulfide crosslinkings, (2) there may be a fundamental polypeptide 

chain with a molecular weight similar to or slightly smaller than that 

of chmotrypsinogen (26,000 M.W). These chains may be polymerized by 

lysine-derived crosslinks formin~ higher molecular weight components in 

a stepwise fashion. Some of the protein bands showed small differences 

in their migration distances in SDS gel electrophoresis. This can be 

explained by the different degrees of glycosylation of the disaccharide 

and heteropolysaccharide units. The smaller intermediates are not fully 

glycosylated, therefore, relative content of hexose per unit of protein 

is quite. low compared to the larger components (16), (3) peak IV may 

be the non-collagenous portion which is linked to a large collagen type 

molecule by disulfide bond(s). 

The reasons for these proposals are: (1) peaks III and IV or same 

molecular weight components were observed in the GuHCl soluble portion 

without reduction as minor stable components and relative amount was not 

changed after mercaptoethanol reduction, (2) peaks III and IV were also 

produced from large soluble components as shown in fraction I, component 

A in Fig. 9, (3) the insoluble fraction produces components III and IV 

or at least equivalent molecular weight components after mercaptoethanol 

reduction .. 

The whole membrane became mostly soluble (72%) after reduction in 

1% SDS. The hard core portion, 28%, cannot be detected by the Lowry 

method in supernatant of incubation mixture of the whole membrane which 
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contains mercaptoethanol because it is precipitated out. Kefalides 

called this portion "basement membrane collagen" because the glycine 

content is 33% which. is the same as the amount found in interstitial 

collagen, however, marked differences are obvious in the. cysteine 

content, carbohydrate content, etc., which will be discussed later. 

The whole insoluble portion contains only 22% glycine and the whole 

soluble portion contains 13% glycine which is the same amount founG in 

component VII, 

These data indicate that the insoluble portion must contain large 

amounts of the non-collagenous portion. It is estimated, by simple 

calculation from relative glycine contents and solubility experiments, 

that the amount of the non-collagenous portion of the whole insoluble 

portion is somewhere between 36% and 45%. This calculation is based on 

rather naive assumptions, i.e., (1), all non-collagenous components only 

contain 133 glycine residues per 1000 amino acid residues and the hard, 

core.insoluble portion (or basement membrane collagen) contains 330 

glycine residues, (2) the contribution of the carbohydrate portion is 

neglibible, (3) the Lowry protein determination method always gives 

proportional amounts of protein based on the standard curve of BSA. 

Obviously, all three assumptions are not always valid; nevertheless, the 

difference between 36% and 45% is reasonably close. The overall 

distribution of each group of components is estimated as follows: 

GuHCl·soluble, 26±1%; GuHCl insoluble but soluble after reduction in 

1% SDS 41+4%; hard core insoluble 28+4%. 

It is not likely that one type of cell produces three groups of 

components separately at almost the same time in a large amount. The 

origin of these components in GBM is speculated from the available 



knowledge of other kinds of basement membrane systems as follows: 

(1) the probasement membrane (M.W, 140,000) which is similar to pro­

collagen, are divided into two peptides, enzymatically, in vivo, 

collagenous peptide (m.W, 120,000) and non-collagenous peptide (M.W, 

20,000). The molecular weights above were assumed using a data 
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reported by Grant et al.(101, 102, 103) based on SDS system; (2) the 

collagenous peptide which still contains a telopeptide is extensively 

crosslinked through a lysine-derived compounds, histidine derivations, 

and N-glycosyl-lysine derivatives (42). These are hard-core insoluble 

portions and high M.W components, which are more than million daltons; 

(3) the non-collagenous peptides (M.W, 20,000) were crosslinked much less 

extensively. The major crosslinks are disulfide bonds and the smallest 

component does not have intermolecular disulfide bonds; (4) some inter­

mediate components (M.W, 200,000) formed from non-collagenous peptide 

were linked by disulfide bonds to the hard core insoluble portion. 

These speculations will be discussed later. 

These speculations and experimental results serve as a basis for 

the proposal of a new version of a membrane model which will be presented 

later on Fig. 19. 

In order to elucidate the structure of native membrane, the 

complete chemical analysis of the individual components is desirable and 

will be helpful to construct the original membrane models. It was 

assumed that such purification of any single component would be extremely 

difficult, judging from the results of SDS gel electrophoresis of whole 

basement membrane. It was actually very difficult and tedious to 

isolate pure component VII in a large enough amount for chemical and 

physical analyses. 
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The reasons why component VII was chosen for isolation are the 

following: (1) although it was not the richest component, it was easily 

detected by SDS gel electrophoresis. On the other hand, component IV is 

surrounded by several other minor components, such as Ill and V, and it 

was difficult to pinpoint a single band due to overlapping these com­

ponents. (2) The GuHCl soluble fraction contains components VII as the 

highest peak in the gel electrophoresis scanning pattern and component 

VII was well separated from the other groups of proteins. (3) The 

mercaptoethanol reduction did not change the amount of component VII but 

most.of component E, which is slightly larger molecule than component 

VII, was diminished by reduction. 

Because of the above, GuHCl extraction followed by gel filtration 

column chromatography were necessary steps. The Bio-Gel A-15m was 

chosen since previous experiments reported by Hudson (15) indicated. 

that Bio-Gel A~l5m and A-50m gave most successful separation of reduced 

and alkylated GBM, but poorly separated by A-150m and A-1.5m. Since the 

soluble fraction contained a maximum molecular weight of around 3-5 

million, then A-15m was suited for the separation of these components 

rather than A-SOm. The second purification step with the same procedure, 

except the column having a high L/D ratio, showed that component VII 

eluted with a minor cpmponent.followed by component VII. The final yield 

was expected.to be. about 16 mg, however, because of this minqr component, 

the actual yield was 11 mg. All criteria for the purity of component VII 

was satisfied by several observations: (1) labeled component VII from 

gel filtration column chromatography was eluted as a single peak and no 

other labeled protein was observed, (2) the sedimentation eql).ilibriurn 

experi.m~nt of component VII showed that the change of fringe.displacement 
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2 
vs the square of the corresponding radial position (r) showed a 

straight line, (3) the sedimentation velocity experiment showed a single 

symmetrical peak, (4) the gel electrophoresis of several different 

concentrations of the gel showed a single band and the plot of migration 

distance vs gel concentrations was straight, with and without SDS. 

The minimal molecular weight of component VII was estimated by 

sedimentation equilibrium centrifugation, gel electrophoresis, and gel 

filtration column chromatography. These methods rely on different 

principles to estimate the molecular weight. The SDS gel electro-

phoresis was employed, initially, and a molecular weight of 137,000 -

140,000 daltons was obtained from several different gel concentrations 

(Fig. 13). It has been known.that some proteins, such as collagen and 

sialo-glycoprotein, behave anoumalously in SDS system (94-97). The 

apparent molecular weight of collagen is estimated much higher than the 

values obtained by other techniques. 

Because of this reason, ultracentrifugation works were applied in 

6 M GuHCl and a value of 68,000 daltons was obtained, which was almost 

half of the value obtained from the SDS gel electrophoresis. In the 

sedimentation equilibrium data alone, ambiguity exists as to whether the 

protein with a given m~ss is completely dissociated. Therefore, it was 

necessary to use the gel filtration column method, based on a column 

calibrated by several proteins, which measures the effective hydro­

dynamic radius. The value obtained from SDS system was '140,QOO daltons 

and GuHCl system gave 72,000 daltons. These discrepancies can be a 

result of (.1) charge effects due to a decrease charge per unit molecular 

length, (2) a conformation having a larger hydrodynamic,ra.r:itus than the 



standard proteins used in calibration of the gels, or (3) dimer 

formation. 
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It is not likely that the charge effects are r~sponsible because 

in a gel filtration method, which the amount of charges is less impor­

tant, and, in gel electrophoresis, which depends on char~e per unit 

mass, gave same value. Furthermore, the relative mobility of component 

VII is independent of the acrylamide gel concentrations (Fig, 15), which 

usually influences the mobility of the protein if it were the charge 

effects (63). The formation of a dimer is not likely because dissocia­

tion to monomer was not observed in any conditions.and two peaks of 

monomer and dimer were not observed in any experiments. The possibility 

of having a mc;,re disordered conformation than a standard protein was. 

examined by CD spectra. Myoglobin and component VII in 6 M.9uHC1 showed 

spectra indicative of a totally random conformation (Fig. 17). However, 

myoglobin retained large amounts of a-helix in 1% SDS buffer and com­

ponent VII showed some.ordered conformation,.but much less tp.an that of 

myoglobin. This indicates that component VII in 1% SDS qehaves as a 

more unordered protein than typical standard proteins which still retain 

large amounts of secondary conformation. 

Since the molecular weight is proportional to the hydrodynamic 

radius of a protein when it i~ completely random, then the value, 

70,000 daltons, obtained from 6 M GuHCl systems is more likely a true 

molecular weight than that from SDS systems. It is not surprising that 

component VII behaves somewhat similar to the interstitial collagen, 

Because there are some s:tmilar:tt:tes in their chemical compositions, 

The patterns of the ar!'lino acids and the carbohydrates of cowponent 

VII is compared with previously li~ted data in Table VIII. All chemical 
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compositions of component VII are very much similar to GuHCl soluble 

fraction in general. The amino acid composition is almost identical in 

all respects, however, the carbohydrate c9mposition are different in 

some.cases, such as hexosamine content. Previous report~ have indicated 

that smaller molecular weight component may contain less carbohydrate 

composition and each component may contain different amounts of carbo­

hydrate. Another problem of the carbohydrate analysis is that there is 

no common.internal stan4ard for each different kind of analytical 

method. However, the ratios of the carbohydrate compositions within a 

same group of sugars, such as neural.sugars or hexosamines, should be 

reliable since each group of sugars was analyzed at same time. Most of 

the amino acids were analyzed at same time, tperefore, when the amino 

acid content was expressed by per cent basis, each content was expressed 

by build-in internal references. 

Even if there are some differences in the chemical analysis, it 

might be safe.to say that component VII repreaents the whole soluble 

fraction. The chemical analysis of component VII indicated that this 

component is much less similar to interstitial collagen than the 

insoluble portion or whole membrane. Some of the major differences 

were that component Vl;I is rich .in acidic amino acids., cysteine and 

aromatic amino acids. On the other hand, it is low in glyc;ine, hydroxy-, 

lysine, and hydroxyproline. Most of the amino acid content of the whole 

membrane showed roughly the weight average value of the soluble and 

insoluble fractions.within reasonable errors (Table VIII). 

The similarities in the chemical compositions of the insoluble 

portion to the interstitial collagen are typically illustrated by such 

examples as a high amount of glycine and proline, the presence of 



TABLE VIII 

COMPARISON OF THE AMINO ACID PATTERNS 

Bovine basement membrane 

Whole 
membrane 

Glycine · 208 

Hydroxy amino acid 210 

Acidic amino acid 164 

Basic amino acid 115 

Aromatic amino acid 52 

Sulfur containing 
amino acid 45 

Hydroxy lysine 22 

Lysine and 
hydroxy lysine 49 

Hydroxyproline 68 

Pro line 69 

Imino acid J,.37 

Soluble Insoluble 

150.6 242.3 

180.4 203.7 

183.3 151.4 

119.9 104. 3 

54.9 37.1 

40.5 26.9 

8.0 21. 5 

43.4 50.9 

32.6 89.9 

81. 7 87.6 

114.3 177.5 

Tendon 
collagen 

329 

163 

114 

78 

18 

6 

6 

29 

86 

140 

226 

107 

Component 
VII 

133.9 

205. 9 

209.0 

105.0 

61.0 

39.0 

8.6 

37. 9 · 

45.0 

69.3 

114. 3 

Numbers are expressed in residues per 1000 amino acid residues. 
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hydroxyproline, hydroxylysine, hydroxylysine glycosides, and ly~ine-

derived crosslinks. The differences in the chemical composition of the 

insoluble portion from t~e collagen are the presence of cysteine, 

tryptophan, 3-hydroxyproline, and large amounts of carbohydrates. 

When a comparison is made of component VII with the soluble 

fraction, the differences between component VII and coll~gen are 

greater than the similarities. The amount of glycine is relatively 
' 

high in component VII, but only 40% of collagen level,compared to 80% 

level of the insoluble fract.ion. The acidic amino acids (e.g., glutamic 

acid) and hydroxyproline, are twice that of the collagen level, while 

the insoluble portion cont~ins comparable amounts to collagen. The 

only similarity between component VII and tendon, but not the insoluble 

fraction, is the hydroxylysine content wh~ch is found to have 8 residues 

in component VII, 6 in collagen, and 22 in the insoluble fraction •. 

The total carbohydrate residues in basement membrane is muc~ higher 

than that of interstitial collagen, usually more than ten fold. Further-

more, the carbohydrates in collagen are mostly (90%) glucose and galac-

tose (3). On the other hand, basement membrane contains mannose, 

hexosamine, fucose, and sialic acid which are components of a hetero-

polysaccharide as well as glucose and galactose. The total amounts of. 

these carbohydrates in the soluble and insoluble fractions were 

essentially the same. However, the insoluble portion contains large 

amounts of glucose and galactose and much less other sugars. 

As for carbohydrate composition, component VII contains all 

carbohydrate residues present in whole.GBM. However, the total amount 

of carbohydrates among comp.onent VII, soluble and insoluble fractions, 

are roughly the same (8-11%) which are ten fold higper than that of 
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interstitial collagen. If the amount of glucose represents the number 

of disaccharide units, the ratio aof the amount of disaccharide units in 

the insoluble fraction and component VII is 4:1 in molar basis. The 

components of the heteropolysaccharide unit was reported by Spiro (10), 

as mentioned in the literature review. If the amount of fucose 

represents the number of heteropolysaccharide units, then the ratio of 

disaccharide units and heteropolysaccharide units in component VII,is 

3:1. Whole membrane showed the ratio, 10:1, therefore, component VII is 

shown to be rich in heteropolysaccharides and less in disaccharide unit 

since the total amount of carbohydrates is essentially the same. It is 

noteworthy that pure component VII contains both the disaccharide units 

and the heteroploysaccharide units on apparently the same polypeptide 

chain. 

Since the proposed heteropolysaccharide unit did not include 

galactosamine, the direct estimation of the amount of heteropoly­

saccharide is somewhat difficult. Component VII contains one hetero­

polysaccharide unit per estimated molecular weight of 70,000 daltons, 

however, the glucasamine, 4 residues, and galactosamine, 2.5 residues, 

were found to be in excess. This may indicate the presence of another 

carbohydrate unit which contains glucosamine and galactosamine •. 

Several schematic diagrams of GBM were proposed by Kefalides and 

Spiro (43, 44), previously mentionec;l in the introduction. The actual 

structure of GBM cannot be expressed by these simple diagrams. 

Recently, Kefalides (99) proposed the overall structure of GBM in a 

simple but sophisticated diagram in which explains most of present 

knowledge of GBM, However, there are several problems which cannot be 

explained even with this scheme because of the following facts: (1) the 
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presence of a small molecular weight glycoprotein in the soluble 

fraction without reduction, (2) the reduction of the lar&e molecular 

weight soluble components produces smaller components, (3) the large 

molecular weight components are produced by reduction of the insoluble 

fraction, (4) the lack of periodicity in GBM unl;tke collagen, (5) the 

collagen molecule, if it is not extensively crosslin~ed, can be soluble 

when the size of the smallest molecule is roughly a trimer of C\ chain, 

and (6) the GuHCl solul;>le portion and so-called basement membrane 

collagen, (a.1 ('IV)3)n, difter in chemical compositions. In order to 

satisfy the above facts, one.may consider a somewhat different version 

of the structure of basement membrane, as illustrated in Fig. 19. The 

organization of subuni~ construction of the proposed basement membrane 

model is as follows: (1) the basement.membrane.collagenous portion, 

C, is visualized to contain a telopeptide which possesses the hetero-

polysaccharide unit. This portion also contains cysteine residue(s); 

(2) the collagen porti9n is inter-connected mostly by lysine~derived 

weak covalent bonds, such as Schiff's base, illustrated as X. Some of 

the crosslinks are trifunctional crosslinks such as aldol-histidine, Y~ 

(3) The arrangement of collagen portion is not polarized so that there 

is no periodicity as observed in interstitial collagen. However, these 

arrangements determine the "pore size" of the basement m~mbrane for 

filtration. The non-collagenous proteins are connected 1nainiy by 

4isulfide bonds to collagenous peptides. Sometimes, other unknown. cross-
' 
lin~s are also involved. Some molecules do.not change their molecular 

weight: by disulfide bond . reduction alone because of the :tmtGlvement of 

un\mown crosslinks. (4) Som~ intermediate size (M.W, 200,Q!)Q), the 

noµ-collagenous component, can be freed from C by disul:f;iµ~ pond (SS) 



Figure 19. Schematic Representation of Proposed Glomerular Basement 
Membrane 
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reduction. GuHCl soluble and the insoluble portions are also bonded 

non-covalently expressed as ( •••••.• ). GuHCl soluble components may 

have some covalent bonds (B), but most of covalent bonds are disulfide 

bonds so that the reduction of larger components can produce smaller 

subunits and few components does not change its size by mercaptoethanol 

reduction alone. 



CHAPTER V 

SUMMARY 

Glomerular basement membrane is soluble to the extent of 26% in 

6.0 M guanidine hydrochloride. The soluble fraction contains at least 

13 different polypeptide subunits as revealed by sodium dodecylsulfate 

(SDS) polyacrylamide gel electrophoresis after reduction with 2-

mercaptoehtanol. The apparent molecular weight of these components 

ranges from 24,000 to greater than 350,000 daltons. 

On the other hand, the insoluble fractions consist of large mole­

cular weight components. The subunits, which are obtained from the 

insoluble fraction by mercaptoethanol reduction, were shown by SDS 

gel electrophoresis to have rather large molecular weights, ranging 

from 190,000 to 225,000 daltons. 

The GuHCl soluble fraction contains several components. Subunit 

analysis of these components was performed by fractionation on a Bio-Gel 

A-15m gel filtration column followed by SDS gel electrophoresis of 

mercaptoethanol reduced fractions. The analysis revealed that: (1) 

some of these larger molecular weight components disappear after 

mercaptoethanol reduction to yield smaller molecular weight subunits, 

(2) certain components are not changed from their original molecular 

weight by reduction. It is apparent that most of subunits are held 

together by disulfide bonds to form larger molecular weight components 

and certain components are crossltnked by other bonds, possibly lysine-

114 
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derived crosslinking. One of the components of the guanidine soluble 

fraction, named component VII, was isolated in a pure form by repeated 

gel filtration column chromatography on Bio-Gel A-15m. The purity of 

isolated component VII was established by polyacrylamide gel electro­

phoresis with and without SDS using different gel concentrations, by 

ultracentrifugation and by gel filtration column chromatography. 

The melecular weight of component VII was analyzed by several 

different systems which depend on different principles. The experi­

ments showed the molecular weight of component VII to be 70,000 

daltons, but the SDS system indicated 140,000 daltons due to an atypical 

behavior commonly observed with this type of molecule. The amino acid 

analysis showed that component VII has some similarities to interstitial 

collagen, but that it has much smaller amounts of glycine and proline 

compared to collagen and the GuHCl insoluble fraction. Component VII 

contains a large amount of acidic amino acids and aromatic amino acids. 

It also contains cysteine, tryptophan, and 3-hydroxyproline which are 

not generally found in interstitial collagen. 

Carbohydrate analysis of component VII showed that it contained 

glucose, galactose, mannose, fucose, glucosamine, galactosamine, and 

sialic acids. The total carbohydrate content in component VII is ten 

fold higher than that of interstitial collagen. Glucose and galactose, 

which are constituents of the disaccharide unit, are found to be low 

compared to the insoluble portion and collagen. The component contains 

a high amount of hexosamines which are constituents of the heteropoly­

saccharide unit. The quantitative carbohydrate data indicate that 

component VII possesses one heteropolysaccharide unit and three dissac­

caride units per molecule. 
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