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ABSTRACT

Basement membranes were isolated from rat renal glomeruli, rab-
bit pro#imal tubulés, bovine brain blood vessels, bovine retinal blood
fessels; and bovine>lens capsule by the use ofra 4% solution of sodium
‘deoxycholate. The béSement membréhés iSolated by this procedure were
ultrastructurally indistinguishéble from their in vivo éounterpar#s.
Using Eovine lené éapsule as a referénce tissﬁe, the amiﬁb acidvand car-.
.bohydrate composition of the basement membransgs obtained by.ultrasonic
disruption and deoxycholate treatment were identical indicating that
deoxyéholate‘treatment did not interfere with chemicéi énalyses° When
giomefular basement membranes isolated by the use of deoxychqlaté were
coﬁpared to those obtainedrby ultrasonic disruption,'a higher content éf
hydroxyproline and hydroiylysine was observed in the deoxycholate treated
sé.mples° AThe:amino acid content of the various deoxycholate isolated
basement membrane Samples were found to be similar but not identical.’
In contrast, the glucose and galactose contents of the isolated basement
membfanes were found to vary with the tissue~sourcé.

Using a highly purifiéd isolated rat.glomerular preparation,
basement membrane protein synthesis and deposition into the extracellu=
lar basement membrane matrix was studied. The incorporation of radio-
labeled glucosamine, lysine, glycine, galactosé, and‘a ﬁixture,of amino
acids was found to be linear dufing 6 hour incubations. Radiolagbeled

proline incorporation, however, was found to be linear for the first 4

xii -



xiii
hours. of incﬁbation after which an apparent linear increase‘in incor-
poration was observed. Thisldeiayed'increase in proline incofporationv
corfelated with the éppearance of radiblabeled hydroxypréline in the'
isolafed basement mémb;ane. ~The dela&ed incfeaSe in'proline‘ingorpora—
tion cduld be blocked by the collégen crosslink inhibitof S¥aminbpropi~
,_onitfileawhilg colchicine, an inhibitor éf collagen Secrétioﬁ;>had.noi:-
:efféﬁﬁ on radiolabeled amino acid incoquration during 6ihour-incuba-
'tiqns. Itrﬁas conclude&_that gloﬁerulér Eaéement'meﬁbraﬁe s&nthééis an&
depoéifibn is a two component system éharacterizéd’by a rapidly;synthé—
-éized and-deﬁosifed ﬁon—éollagenous glycoprotein component- and a.collé—
genous;component having a 4 ——6'hour‘delayAperiod ﬁefore,depoéition«

In addition to the study of glomerular baseﬁeﬁt membrane synthe-
sis, the metabolism of other suborgan fractions isolated by techniques

developed in our laboratory were examined. Glomerular production of
14 Ld

C~glucose from lAC%succinate,,14C—pyruvate, 14C;glufamate, and -
lactate was studied fo determine the source of glucose utilized fo: glom~
erular.glygoprotein synthesis. Using newly developed glomerular sepa-
ration techniques, radiblabeled’glucose production was observed only in
glomerular pfeparations containing_Bowmén's capsule and no£ in the
glomerular capiiléry tuft per ée, It WasAconcluded that Bowman's cap-
sule or minute quantities of tubule attached to Bowman'é capsule was
respénéible for the radiolabeled glucose productiaﬁ observed in glomeru-

lar preparations and that extracellular glucose must therefore be the

source of glomerular tuft carbohydrate.



xiv

The cha;actefizotion of a raBbit proximal tubule preparation
obtained by gentle hand homoéenizaoiOn énﬁ siéving Wﬁicﬁ avoided the use
of’degrédative‘enzymesyWas alSolporfOrmod.' It was found that 14002
proauction fromulac—succinéteg radiolabeled émino aoid and uridineé up-
take'and incorporation, were significaﬁﬁly depressed in coilagenase
treéted‘tuﬁulesias compared'to tho nonrcollagenaSe troatecis sie§ed tu~
bules. The tissue to-mediumxratio for'p—amihohippuric acio uptake by .
the.#ubules isolated by hand homogonization‘wao 50 while thétoof colla-
B gehaso treated tubules wao 20. - TuBules isolated by:the sieving metho&’
also formed radiolabeled hydroxyprolioe~and incorporated radioiabel into
isoloted tubule basement membrane.’ Thus, thé tubules obtained by hand
homogenization andAsiéving»are metabolically more active than ﬁhose iso-

lated with the aid of degradative“enzyme§°



CHAPTER 1

INTRODUCTION

Basement Membrane DefinitiOn

Basement membranes are speclallzed extracellular support struc-
tures which are found in almost all organs of the body The term base~.
ment membrane was used as,early as.l848’by_Todd and~Bowman (1857) in a -
description ofithe extracellular‘structure to-WhichAsynorlal»and sero;’
sal epitbelialfcells appeared to,be'attached; _Subsequently, 1igbt micro~
’scopic studies observed basement membranes to be interposed between
epithelium'and~connective tissue or between connective tissue and blood
“nessels (Rinehart,,lQBO; Lillie,,l952). “A more ubiquitous nature was
accorded basement menbranes.witb the electron microscopic obseryatlons'
that basement.membrane—like structures also surround‘lntramural peri-
cytes of ecapillaries, nerﬁous tissue, muscle, andlfat.cells (Fawcett,
1966).. Vracko (1974a) has proposed that the basement membrane be defined
in light of 1ts ubiquitous nature as an. extracellular scaffold pos1—‘
tione& between parenchymal Cells,and connective tissue". Figure 1 il-
lustrates this deflnition,

Basement‘membranes’are‘generally thouéht to lie adjacent to the
cells which secrete them. This isldemonstrated by the findings of
Pierce, Midgley, an& Sri Raml(l963) that‘parietal volk sac cells of
mouse embryo secretera~layer of basement membrane upon which tbey be~ .

» come attached. Similar findinés have been reported by Hay (1968) and

1



Connective and Skin Basement

Sgpporting Membranes
Tissues (solid black
lines)
_ Cardiovascular
Nervous and and
Endocrine Mesothelial
Systems Spaces
Cells Muscle Fibers

Smooth, and
Heart)

Genitourinary Respiratory
Gastrointestinal, and Exo-
crine Systems

Figure 1. Diagram of the Anatomical Distribution of Basement Membranes

The basement membrane occupies the space between parencymal cells and
the connective and supportive tissues. Prenchymal cells are defined
as all epithelial cells of epidermis and epidermal appendages, of the
gastrointestinal, genitourinary, and respiratory tracts, endothelial
cells of the cardiovascular system, mesothelial cells of body cavitive,
all exocrine glands, endocrine cells, muscle fibers, fat cells, and
cells comprising the central and peripheral nervous systems. The con-
nective and supporting tissues are defined as cartilage and associated
cells, bone and associated cells, collagen, elastin, and fibroblasts.
Adpated from Vracko (1974a).



3

McKeehan (1951), in other developing cell systems. . Thus, the formation
of the basement membrane is followed by a clese physicel association
with thevbasement membrene forming cells. |

| Electron'microscopic stueies;of the basement membranee found in‘
the. renal glomerull (Kurtz9 1961; Kurtz and McManus, 1959 Vernier, 1964
Farquhar, 1964; Rhodin, 1955; Yamada, 1955), muscle caplllarles (Palade '
and Bruns, 1964}, sklnvcaplllarles (Fawcett, 1963; Friederdici, Tucker,
end’SchWartz,vl966), almeolar capillaries (Kerrer, 1956;’Weibel, 1963),
renal tubulee (Sjostrand and Rhodin, l953;vLe£ta; Maunsbaeh, and Osvaldo,
- 1967), Descemet'’ s membrane and the anterlor lens capsule (Jakus, 1964)
show them to all contaln a fine feltwork of fibrils 30 - 40 & in diam-
eter. These fibrils are.associated.or embedded in an amorphous matrix
'Whiehrvaried'in'width With'the‘maridms tissue basement membfames._vThe-
degree of orientation of these embedded fibrils varied from tiseue to
tissue. While a high degree of orientation wes exhibited by both iens
capsule and Descemet's membrane‘fibrils, the glomerular and muscle
capillary basememt membranes demonstreted a partial and random jibfiller
arrangement, respectively. In addition, Descemet's membrane-and ante-—
rior lens cepsule.basement memBrane exhibited areas of regular banding
with a periodicity of 1100 & - (Jakus, 1964). However, the typical 600 -
700 &rbanding of collagem fibriLSAis generally aecepted not to be pres—
ent in normal basement membranes.

| Aithough the various Basement membrenes exhibited slight ultra-
"struceural differences, . as e.grOup they were observed to be argyrophilic
(Rossle and Yoshida, 1909; Rinehart, 1930) euggestive bf>"reticulin“

~ (collagen) and periodic acid-Schiff positive (McManus, 1948a, 1948b,



| - 4
- 1948c§ Leblond, 1950) inﬂicative of carﬁohjdratés; ~In a&dition,.vascﬁlaf
aﬁd néﬁ—vascular basement membranes Wefe found to be immunologicaily :

' crstreactiVe:indiCating similar gntigenic compoﬁeﬁfs‘(C:ﬁickshénk“ana"
Hill,v1953; RoBert§;11957;'Krakowét an&’Gfgeﬁépon, i964;~Huaﬁg and
Kalant, 1968; Rothbard.an&;Wafson, 1969). In genéral; the’varioﬁs organ
basemént‘membranes“ére ultiastruéturally, histgchéﬁicallysiand4immuno—.

logiéally éimilar.

BgseméntVMEmb;aqeiComposiii§§>
Sincé cheﬁical'a#alysié of the baséﬁent membréné,requireé pure
‘ basemgnt membrane, its chémical definition hés necessariiy,relied-upon'
kthe~anétomigally distinct characteristics of the structure. Similarity
w.of-elehtron4micioséopic.appearance of isolated basement membrane prepa-
 ratiQns té ig;gigg_bASemént membrane1is-thevinitial,criterioﬁ by which
basement meﬁbréneipurity-is~defined.'

Early chemical analyses of isolated basement membraﬁeAprépara—
tioné from bovine lens capsule (Pirie, 1951):and canine renal glbmeruii
(Goodman,-GﬁeenspOn,_and{&rakowér, 1955)idemonstrated-the‘presenCe of
significant amounts-of hydrokyproline,‘proline, glycine, hekbseé, and

‘Small amoun£s of hexosamines. - This substantiate&»thé'bollagenOus and "’
glycoprotein;naturé of the basement membrane that had been inferred from
histqchemical studies (Lillie, 1947). Subseﬁuently, basemenﬁ membranes
were isolated and chemiéally analyzed:from sugorgan fractions of'a vari-
ety of mammalian species: lens’capsqle (DiSChe,,1964;.Kefalideé,'l969a; '

Fukushi and“Spiro; 1969), renal glomeruli (Lazarow and Speidel, 1964;



Markow1tz and Lange, 1964 Kefalldes and Wlnzler, 1966 Splro, 1967a;
Huang and Kalant 1968; Kefalldes, 1968 1970 1973 Westberg and e
Mlchael 19703 Wahl Krezdorn, and Deppermann, 1970; Blau and Mlchael
1971; Sachot et'al,, 1975' Lehotay,'l975), Descemet s membrane-(Dohlmen
and Balazs, 1955; Kefalldes and Denduchls, 1969), and renal tubules. |
CMahleu and Wlnand 1970 Ferwerda 'et al., 1974) These chemical anal-
ysestof ;solated basement membraneSashowed»them to»have:similar amino
‘ acid contents° Glyc1ne varled between 22 - 28/ hydroxyprollne 6 - 10%,
prollne 6 - 7/ and hydroxyly81ne 2 - 3 5/ of the ‘total amlno acid resi-
dues present in these 1soleted basement membranes. A uniquely,hlgh 117
of the total\nydroxyproline residues weie fonnd to be~3—hydfoxyproline;
Intetstitial~coliagens_contain about ten times less 3—hydronyprqlinev
(Kefalides, 19735, Carnohydrates cénprised-iO,; iSZ‘qf the basement .
‘membrane weight{ Glncese and galactose Were'fonnd‘in nearly eqnimolét'
amounts in these various basement membranes while;the glucpsamine, gai—
actosamine, mannese, fucose, and sialic acid contents varied.
Altnough_similar'to interstitial,collagen:in amino acid content;
. basement membranes contain less than the required 337 glycine and the’
227 sum of hydroxyproline and proline to,be’clessified‘as a collagen i
protein (Ramachandran, Sasisekneren, and Thathachart, 1962). Two other
observations suppert this vien. The first is that the triple helical
istructure of collagen indicated by a;banding periodicity of 640 A has
not been etserved in basement membrane specimens. .The'second is that -
interstitial eqllagen contains only-glucose,and-gelactose whereas base-

ment membranes additionally contain mannose, fucose, hexosamines, and
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sialic acid. These observafioné led Kefalides and Winzler (1966) to the
.assumption that collégen &aé present in the basement membrane, but that
the glycine, imido ac¢ids, and hexose content were being dilutedvﬁy non-
collagenous glycoproteins also present in the baseﬁent membrane. The
alternative hypothésis that basement membranes coﬁtained‘¢ollagen—like
glycoﬁroteins_and 1o frue.collagen.pfoteins.Was supborted by Sﬁiro
(1967a). | |

Carbohydrate,Attachment
tq-the-Bgsement'Membrane,

- S8piro (1976b) digested bovine glomerular basement-ﬁembranes with.
collagenase-followed by a subsequent digestion with éroﬁase to free the
carbohydrate pnits from the basement membrane peptides. Ihe carbohy—
drate ﬁhité-&éreﬂsépérétéd by gel filtration and ion exchange chroma-
tography. Two distinct types of carbohydrate unitS’Were-observed; A
disaccharide unit consisting of glucose linkéd to galactose accounted
for half of the carbohydrates present in the basement membrane. The
second‘carbohydratefunit contained galactose, mannose, fucose, hekosa+‘
mines, aﬁ& sialic acid. The estimated molecular weight of ﬁhis hetero=-
‘polysaccharide Was‘3,500'daltons. The molar ratio of the disaccharide
to the heterofolysaccharide was ten to one. The disaccharide was found
to be linked to the peptide cﬁain‘thrdugh a glycosidic  linkage With
hydroxylysine. Inferential evidence suggested asparagnine as the site
of attachment for the hetefopolysaccharidé unit.

" In subsequent experiments, Spiro (1967c) showed ﬁhat the disac-

charide with its attachment amino acid had the following structure:
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2-0-a-D-glucopyranosyl-0-B-D-galactopyranosylhydroxylysine. In addition
to being present in the glomerular basement membrane, the disaccharide
unit has been observed iIn numerous isolated basement membranes (Pirie,
1951; Spiro and Fukushi, 1969; Dische, Zelmanis, and Rothchild, 1967;
Kefalides, 1969a) and vertebrate collagens (Miller and Matukas, 1974;

Nimni, 1973; Cunningham and Ford, 1968). See Figure 2.

CH20H

Figure 2. Structure of the Disaccharide Unit and Its Attachment
Amino Acid

Basement Membrane Isolation
Certain tissues such as lens capsule are excellent sources of
easily purifiable basement membranes. This is due to the ease with
which the lens can be removed from the eye and manipulated and to the

macroscopic nature of the lens capsule basement membrane. Other



'tissues, Whilevhaﬁing a re%étively high:conteﬁt of baéement membf#ne,
arevmo?e difficult to utilizg as a basement membrane source. This is
Because of the intrimsic difficult& assoéiated with obtaining purified-
suborgan fractions from certain organs and the subSeéuent manipuiation:
of the suborganffraction to'ﬁigld baéement membrane. - Theée technical
probleﬁsﬂare mégnified when smallvénimals, such as the rét, are.used;
Renal glomeruli are aﬁ example of a baéemeﬁt membrane source, WHeré
problems in isolation arise;

o In addition to amino acids ana carboh&drates, phospholipids
(LidSky,lsharp,‘and Rudee, 1967;: Von Bfuchhausen and Me;ker, 1967),
nucleic acids (Krakower an&»Greenspon, 1951§ Lidsky, Sharp, and Rudee,
1967), and cholesterol (Misra and Berman, 1966) have.beén‘reported in .
isolated»glomerular~basement.membrane prepé.rations° ;However,-When
Kefalides and Winzler (1966), Spiro (1967a), and Westberg"and Michael
(1976) examine& isolated glomeruiar basement membrane preparations, no
nucleic acids were detected and the presence of phospholipids and cho—'
lesterol as components of the basément membrane was questioned. Thesé.
compositional discrepancies‘have been related to the purity of the
isolated. glomerular basement membrane preparatioﬁ employe&'CWestbgrg and
Michael, 1970). The isolation of pure glomerular basement membranes is
a two ste@ process involving first the preparation of ﬁure‘rgnal glom—
eruli follﬁwed by the isolation of the basement membrane from these

_structures. The most commonly used glomerular isolation procedure is
that of Krakower and Greenspon Cl951) in which gloméruli.are freed from

the Surrounding renal cortex by forcing pieces of kidney through



stainless steel sieves. The non—glomerulér material is disrupted by
this_tgchn‘iﬁue’° Separation of the freed gldmeruli from the disrupted
tissue was performed by multiple centrifugation. Severalvmodificatioﬁs
ofvthe mgthod of Krakower and Greenspon (1951) have beenzfeported. Moét
of tﬁése modificétions iﬁvoived alternative tecﬁniquesrfor the sepdra-
tion of the tiSSuevdebriS frdm the freed glomeruli éuch.as,differential
centrifugationv(Richterich an&.Franz, 1960), fiitration through a column
:of glass beads (Igrnblom, 1957), or‘collection_of magnetic*iron‘oxide—"
filled.glomeruii with a magnet (Cook and Pickering, 1958; Misra and
VBermaﬁ, 1966). Similarly, Spiro (1967a) modified thé method of Krakower
and Greenspon (1951) S0 as to use the sievés not only  to disrupt the
. «tissue but to collect the freed glomeruli. Spiro (1967a) maintained
that this modification'avoidéd contamination of the glomeruli with -
tubules and cell debris during the-centrifugation steps used by Krakower -
anerreenspon (1951). After a purified glomerular preparation was
obtained, the cellular material was reﬁoved from the glomerﬁlar capil~
lary basement membrane by ultrasonic disruption-foliowed by centrifuga-
tion to pellet the basement membrane. Ultrasonic disruption followed by
éentrifugation is the most widely used method for thé'separation'of cel-
lular'maferials-from basement membranes. Thus, Spiro (1967a) feels that
by increasing thé purity of the intermediate glomeruli the resultant
gloﬁerular basement membrane will also be of a higher'purity.
Kefélides’(1973), however, disagrees and argues that Spiro's
(1967a) modifications of the method of Krakower and Greenspon .(1951) to

obtain purified glomeruli are not necessary for the isolation of highly
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purified glomerular basement membranes. Kefalides (1973) eclaims that

improvements on the method of Krakower and Greemspon (1951) have been
Adﬁe'to the increased ultrasénic diéruptiVe ability of mQre'powerful so- .
nicators or sonigating‘techniques.r To demonstrate this point, Kefalides
(1969a, 1973, 1974) prepared human glomerular basement membrane from

. gloméruli.obfained by the method of Krakower and Greenspon (1951) by mul-
tipie sonication-and.centrifugatioh. Table 1 shows the effect of
mulﬁiple sonications on human glomerular basemént membrane‘amino acid
coritent, Resonicationbrésulted in a conspicuous relative increase in
those amino acids typically found in collagen. The basement membrane
amino acid_coﬁtént obtained by the resonication of glbmerular basement
»membrang isolated by the ﬁethod of Krakower and Greenspon (1951) was si--
milar in part to the amino aéid content of glomerular basement membrane
dbtainéd by the more elaborate isolation methods of Westbérg and Michaél
(1970) or Spiro (1967a). The question of whether resonication does in-
deed’remove non~glomerular basement membrane materials or additionally
disrupts the basemeﬁt membrane'itsélf resulting in the loss of intrinsic
basement membrane components has not been .answered. In their study of
the effects of isolation conditions on human glomerular basement mem-
brane compositioﬁ, Westberg and Miéhael (1970) reported that sonication
of'isoiated‘glomeruli.resulﬁed in a partial disruption or fraying of the
basemen£ meﬁbraﬁe. In contrast to the claims of Kefalides.(l973); tubu-
lar fragments aﬁtached tb the glomerular tufts were highly:resisﬁant to
removal by ultrasonic disruption (Westberg and Michael, 1970). Thus,
there is evidence that sonication results not only in a change in the’

ultrastructural appearance of the resultant isolated glomerular



Table 1.
Selected Amino Acids

Effect of Resonlcatlon on Human Glomerular Basement Membrane Content of

 Residues/1000 residues

Purified Glomeruli
One Sonica-

" 'One Sonicar - -

One Son__icationl Two_Senigationsl tipnz. ' ~ tion”
4-hydroxyproline ©53.0 190.0 81.3  84.1
proline 64.1 69.8 57.9 79.4
glycine 225.2 270.0 221.0 1 220.9
hydroxylysine 2.5 35.0 26,1 21.3
lysine 26.4 20.0 19.5 - ~ 28.8 ©
alanine 58.6 59.8 59.8 . 68.9

lA.bbreviated from Kefalides (1969a).

2Abbrevieted from Westberg and Michael (1970)}

3Abbrev_iated from Beisswenger and Spiro (1970).

1T
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_basement membrane, but a change in 1ts amlno acid composition as well.
In addltlon to the use of sonlcatlon with its attendant diffi-
‘_cultles, centrlfugatlon is Wldely used to separate the dlsrupted mate-~
'r1al from the basement membrane. Several reports of basement membrane
pellet contamlnatlon Wlth cellular debrls 1nd1cate methodologlcal prob-
5lems Wlth the centrlfugatlon step as Well Westberg and<M1chael (1970)
pelleted glomerular sonicates at inecreasing centrlfugal forces. As tbe»
'pelleting’forces werepincreasediin incrementS'from»lZl x1g'to 4340 grg,
ban approximately linear increase was ohserved:in the phospholipid con-‘
tent in pg/mg Wnen.plotted against 4—hydrox&pyroline‘content inlng[mg:
-'Lightemicrographs of these various pellets indicated a direct relation;
'shiP between:Centrifugation force and the presence of cell debris. The
ratioidf phospholipids’tb cholesterol in tbe purest basementjmembrane
,preparation (Which-was'obtainedvat the lowest Centrifugation‘force) was. -
approximately'equal to that of whole kidneyecorter and whole glomeruli
suggesting that both substances Were'present as entra—glomerular base~
ment membrane contaminants. Spiro (l§67a) has reported the presence
.of small amounts of lipids in bcvine'glomerular basement membrane pre-
parations. Another 1nd1cat10n that substances known to be present in
cellular materials. may contaminate glomerular basement membrane pre-
parations is shown by the work of Mehos»and Skoza (1970)t The presence
of large amounts of sialic acid on the surface of glomerular epithelial
célls by the‘use»of colloidal iron staining has been'shown by a number
of investigators (Mohos and Skoza, 1969; Rambourg an& Leblond,'l967;
Greniowski; Biczyskowa and Walski, 1969; Jones, 1969).. Isolated glom—.

erular basement membranesy however, do not significantly stain with
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colloidal iron (Westberg and Michael, 1970).  When the cenfrifugal force
used'td peliét ﬁhe~glomérular basement membrane.wéé &ariea from 42 x g
to 1200 x g, the amount éf siaiic acid appearing in the basement mem-
‘brane péllet'increase& (Mohos #nd Skoza, 1970). Theése authors argued
'that'éince the conéentration of glucose thought to be indicative of col-
lagen did not‘changé with increasing'amoﬁnté,af'sialic acid that sialic
acid mﬁst Be preséﬁt aé a’contaﬁinant, | | |

Fiﬁally, in addition to nucleic.acid,Asialic acid, lipid andﬂ;
cholesterol contamination, Westberg aﬁﬂ Michael (1970) have reported
thatjwhen rabbifs Wéfe injectéd ﬁith ﬂuman,glomerulér basemenf membrane
obtained.by an extensive procedure of sohiéatioﬁ,and~céntrifugation that
_the resultant antisera contained antibodies directed-nof'only;againstj
the basement membrane, but proﬁéins pfesent'in>human'pla$ma and“concen—
trated urine.- Thése proteins inclgded,fibrin(ogen), immunoglobulin M,
im@unoélobulin G, élbumin; énd B-l—C—globuliﬁ. Tﬁus, it appears likely
that -basement membrane freparationsAare'also susceptible. to contamina—-
tion by»plasma proteins. .

The difficulties associated with the widely used ﬁethod'of soni~
cation followed by centrifugation to isolatg’glomerular basement mei—
brane are summarized below.

1. The process of ultrasonic’disruption of the isolated glom¥~
eruli‘results in changes‘iﬁ both the ultrastructural appearance ana
amino acid compositidn. |

2. The process of centrifugation to obtain a pellet of basement
membrane is highly susceptible to contamination by substances known to

be present in relatively large amounts in cellular material.
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3.7 Extensive.sonicatiOn and careful centrifugation are unable
to remove cootaminants Suoh,as plasﬁavproteins from‘the basemenﬁ mem-
brane. | |

Since thefe is a lack of a'precedent for tﬁe presence of phos-.
pholioids, plasma protéins§ large amounts of sialopioteins; or other
nonﬁpfotein'materials in the extraoeilular protein matrices-We call
basement ﬁembranes.(Kéfalidé35 1973), one could coﬁclude that these sub-~
étancesAare oﬁly contamipants of the glomerular baééﬁent membrane prepa-
rationo just discussed. Unfortunately, the question of Wﬁat constitutes'
 £he baéement membrane isunot eaéily r‘esolve&P Should lipids, cho1eoter—
7 oi, plosma~proteins‘or other materials which are not tightly boﬁnd and
thus_eXtractable from the isolated basement membrane be considered base-
ment mémbrane contaminants or Shouldbthey be viewed as mobilexcloéely -
.aSSOCiéted basemént mombrane components? If‘these materials play a
role (direct or indirect) in basement membrane function, should they be.
considered functional or moduloting components of this structure? Be-
fore one con discusslmodulating factors of basement membrane fumction,
an understaﬁding of the gross ultrastructural composition of the base-
ment membrane matrix is required. Thus, for the purpose of structural
or compositional definition, oniy those substances which are tightly
assooiated with or oova;ently bound to ultrastructurally reoogniéable

basement membrane will be considered basement membrane components.



15

Basement Membrane Fractionation

Basiéally two - approaches have been used to fractionate ﬁhe var-
ious basement membranes. 'Thé.first approach in&olved the use of non-
degradative chemical meénsrfd solubilize and separate thé various base-
ment membrane components. The second appfoach utilizéd degradative
_enzymes to study the gollagenous and_noh%Céllagenous-ﬁaterials'freed
from the basement meﬁbrane matrix.

Initial attempts to solubilize basement memeane ptbteins demoﬁ—
strated these components télbe resistant to complete éolubilization by
non—degradatiVé prdcedures. Table 2 listé the solubility properties of
 bovine glOmerularvbaéement mémbranes in §arious chemical sélutioﬁs. The -
basement membrané_is nearly insoluble in.simplg_salt solutions. Urea
treatment is able to sdiubiiize apﬁroximately 30% of the basement.ﬁem-

" brane indiééting the presence éf non—éovélently bound materials. Reduc—
tion and alkylation solubilizes 90% of the basement membrane indicating
that the ﬁajority of thé structure is held together with covalent disul-
fide bonds. The inability ﬁo éomplétely solubilize the basement mem—
brane suggests that covalent bonds other than disulfide bonds are also
involved in basement membrane protein crosslinking (Géllop énd Paz, 1975;
Daniels and Chu,.1975)y

Hudson and Spiro (1972a) haﬁe'reported the appearance"of at
least eleven proteinaceous components ranging in molécular,weight from
30,000 to greater than 220,000 daltons upon SDS-polyacrylamide gel elec-
trophoresis of re&uced»and alkylated bovine glomerular basement membrane.

When' the solubilized basement membrane was fractionated by gel filtration



Table 2.: Solubility Properties of Bovine Glomerular Basement Membranes:

Spiro (1967a).

%4 Wt.
Ref Treatment Time Temp Sqlubilized
a 0.1 M Na2HP04, pH 7.0 24 37 & 7z
b 0.5 M NaCl, 0.05 M NapHPO4, pH 7.5 48 4 0.5%
a  Reduced and Alkylated, 0.1 M NajHPO,, pH 7. 0 24 37 50. %
b Reduced and Alkylated, Hy0- 48 40 7.5%
a 57 LiCl, 0.1 M Tris chloride, pH 7.0 24 37 14 7
a  Reduced and Alkylated, 5% LiCl, 0.1 M Tris Cl°, pH 7.0 24 37 721 %
b . 0.3 M Acetic Acid 72 4 1. %
b  0.075 M Nacitrate, pH 3.7 48 4 4
e 0.1 NaoH 8 37 9% %
a 8 M Urea, O. 1M NaZHPOz,, pH 7.0 . 2% 37 26 %
b 8 M Urea, pH 7.2 72 40 35. %
a  Reduced and Alkylated 8 M Urea, 0.1 M NagHPOy, pH 7.0 24 37 4 7
b  Reduced and Alkylated, 8 M Urea, pH 8.4 48 40 60 %
a 1% SDS, 0.1 M NagHPO4, pH 7.0 24 37 24 %
b 1% SDS, 3% mercaptoethanol, Tris HCl, pH 8.6 48 50 80 Z
a Reduced and Alkylated 1% SDS, 0.1 M NazHPO4, pH 7. 0 24 37 . 15 2
a 5% SDS, 0.1 M Na,HPO,, pH 7.0 24 37 26 %
a Reduced and Alkylated, 5% SDS, 0.1 M Na)HPO4, pH 7.0 24 37 90 %
a  0.5% Triton X-100, 0.1 M Na,HPO,, pH 7.0 26 37 4.4
a  Reduced and Alkylated, 0.5% Triton X-100, 0.1 M NajHPO4;, pH 7.0 24 37 68 7 ..
a. Hudson and Spiro (1972a).
b. Kefalides (1973).

9T
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and ion exchaﬁgefchrdmatography,lsixff'distincf polypeptide components -
. were collected and analyzed (Hudson and Spiro, 1972b; Spiro, 1976).
7>Alth0ugh pronounced compositiqnai diversityrwas observed among these
- sixty coﬁpOnents; all"cont#ined;hydroxyproline, hydfoxylysine, disac—-
charide units and heterOPOlYSacéharide:units (Ohno; Riquett?{and HudSon;
‘ 1975§,Spir9, 1976). Becauée of hiS'iﬁability to seﬁarate hydréxyﬁroliné
conﬁainingfcollagen peptidés from non—collagenous peptides even>after
reduction and alkylation foilowed.byvéitensive chromatographic proce- ;E"
dures, Spiro (1976) hés proposed that the glomerular basement membrane -
is éomposed of homogeneous glycbﬁroﬁeins which coﬁtain»collagen regions,.
in their pfimar& structure. Since the’necessary criterié to-;lassify f‘
the basement membrane as collagenous have not been mef,'Spiré_(l976)'con—
éludes that_the-basemgnt membrane protein(s) should be classified as
glycoproteins with‘a~collagen—like sﬁbstructure. Spiro (1976) cites the
complement brotein, Clq; és a preéedent for such a clgssificétion{-
Another wview of glomerular basement’ﬁembrane structure is held
by Kefalides (1973). When Kefalides and Winzler>(1966) solubilized and
fraétionated canine giomerular baseﬁent membrane proteins by reduction
énd alkylation-in,the'ébsenée of 8 M~Urea»followed by urea-polyacrylamide
gel electrophoresis, onlf four protein bands were observed. During sub-—
sequent gel filtration»studies of the féducad and alkylgted proteins, a
glycoprotein fraﬁtion was obtained which waé»devoid of'hydroxyproline
.and glucose whiieAcontainingvthose,carbohydrates characteristic of the‘
heteropolysaccharide units (Kefalides, 1970) (Table 3). A similar frac-

tion was obtained when only. 8 M urea extractable glomerular basement
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Table 3. Effect.of Reduction, Alkylétion and Gel Filtration on
- Glomerular Basement Membrane Fractionation

Residues/1000 Residues

4 ' B Urea Urea
: Selected Amino - Whole .- Whole - Urea . Urea Gel Gel

Acids ' GBM1 GBM? Extractl ExtraetZ Fractioanraction2

Hydroxyproliné =~ .50.0  73.2 50.0 6l.4  Trace . 19.8

Hydroxylysine 20.0  21.0 20.0 21.9  Trace. 6.8

Glycine '200.0 223.4  200.0  198.8  135.0  121.3

" Proline 66.0  78.2  66.0  70.7 83.0 46.1

Alanine 63.0  65.3  63.0  62.0 76.0 73.2

Lysine .  28.0 . 26.1  28.0.  24.2 °10.0 ... 42.4

1. Kefalides (1966). Bio-Gel P-300.

2. Hudson and Spiro. (1972b). Bio—Gel A-~15m (fractiomn 5).
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membrane  proteins were fractionated (Kefalides, 1972). Gel filtration
of‘glOmerular basement membrane material obtaiﬁed by prolonged colla-
genase digestion followed by dialysis gave two nOn—collagendus glyéo<
'prbtein fractions (Kefalides, 1969b, 1972).. A large glycoprotein resi-

'due having a moleéular welight of ovef.ZOO;OOO daltons contained galaé—
‘toée, ménnoéé; fucoéé, sialic acid, and heﬁosémine, but la;ked hydréxy—
proline and hydroxylysine. A more éélublerglycoprotein was estimated to
have a molecular weight of 30,000 daltoms. It also contained galactose,
mannoseQ‘fucoSe,vand:sialic acid, but twice aé much he%osamine as the
‘lafger glycop;oteihsv When antisera were prepared_against'the large and
small glycoproteins, both antisera reactedrwifh reduced and alkylated
glomerular basement membrane. However, antisera against the large gly-
coprotein did not react.with the smail glycoprotein antigen or against
hydroxyproline containing fractions obtained by gel filtration fractiona~-.
tion of collagenase treated glomerular basement membranes. Antisera
against the sﬁall glycoprotein reacted with the'ﬁydroiyproline con—-
taining fractions but not with the large glycoprotein-antigen. Only the
' antiéefa;to the lafge.lecoprotein reacted with the material eétractable
in 8 M urea. From these expériments, Kefalides (1973) concluded that
two distinct glycoprotein components existed in the basement membrane: .
a large glycoprotein extractable by urea or reduction and a small gly=-
coprétein which Was.associated in some marnner With a collagen enfity.
The presence of a collagen component in.various'suborgan base~
ment membrane preparations has been démonstrated by Kefalides (1968) and

Kefalides and Denduchis (1969). Limited pronase or pepsin digestion of



20
4 glomerular basement membranes-resulted in the'eblubilization:of‘a col-
lageneusefraction possessing many of the same characﬁeristicsiof simi-
larly treated known collagens (Kefalides and Denduchis, 1969); Kefalides
and Winzler, 1966; Davison a_nd’Drake,,l966)° Cerbexymeﬁhyl ¢ellulose
chrometography.of the collagen fraction indicated the pfesence of al
chains cherac#eristic,of'collagen (Kefalidee, 1971); The baSemeet ﬁemr*
brane al chains had a moleculer weight of 110,000 Whereeelinterstitial:
collagen al cﬁains had a ﬁolecular'weightrof 108,000. rTable 4 lists the
partial amino acid and_carbbhydrete composition of the cdllegen fractione
‘obtainedvfrom glomerelar‘basement membrane and tendon upon limited pep—-
sin treatment. Similarities were seen in the glycine and sum of hy- ‘f
drokyproline en& proline contents indieeting the required composition to
be classifiedfas a collagen proeein° The carbohydrates charactetistic>
of the glyceproteins feund in basement membrane fractions were not de-
tected‘(Kefalides; 1971). The relatively large amount. of disaccharide
umits found iﬁ'the al chains of baeemenﬁ membrane collagen accounted for
the difference in molecular weight observed between &1 chainS'(Kefaii-
des, 1971a). 1In addition to the larger hexosercontent of basement nem-
brane collagen, differences in the content of alanine and half-cystine

. were observed (see Tabier4). This indicated nof only differences in the
amount of posﬁ—translational modification of basement membrane collagen
as compared to that of interstitial collagen,.butba diffe?ence in the
primafy protein structure as well. When the meterial e%tracted from
lens capsule basement membrane with sodium citrate was precipitated with

ATP, electron microscoPic'filamentS'with'globular ends appeared
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. Table 4. Compositional Similarities of Glomerular Basement Membrane and
- Tendon Collagen Obtained by Limited Enzymatic Digestion .

Residues/lOOO'Résidueg

Selected AA° ~ - .Glometqlil' - , Tendon?
Hydioxyﬁioliqe' | vvi52,o‘ - C 86.0
| ‘Prolime  62.0 | 140.0
Glycine : o 322.4 B 329.0
Hydroxylysine 42.0 ‘ 6.0
. Alanine 33.4 122.0
Half-Cystine . 6.0 0.0
Gm/100 gm -
' Garbohydrate
Glucose | _ 5.1 0;28
Clucose  sa2s  0.40

1. Kefalides and Denduchis (1969). .

2. Kefalides and Winzlexr (1966).
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(Kefalides, 1973). This ﬁas thnght_to be suggestive of a collagen
molecﬁle with a globular tefminal.portion (Kefélides, 1973). Such fila-
mehts are not characteristiéfof the intact basement membrane maﬁrix.

From these observations, Kefalides (1973) has prbposed thét
basement'memﬁraﬁes cpntain at least two distinct protein ﬁolecﬁles° One
is represented by the large hon—éollagenous glyéo@rotéiﬁ‘bound‘to the
Bésement membréne matfix'by_hydrqgen and disulfidevbonds, This molecule
is distinct from the collagen ol chains. A smaller g;ycoprotein asso—
ciéted with a collagenientity represenﬁs the'sécond»cowéonenf, ‘Since
:eduétion aﬁd alkylatioﬁ does not free the majérity onthese,small gly—'
,coproteins so that they can be sepa‘ra.t,ed. from the collagen 'cbhtaini_ng
cémponent, iﬁ was thought Fhat the.small glycoprotein forméd a portion
of the primary structure of the collagen compbnent; This hypothesis of
a peptide extension being present on the collagen'molecuies has been
supported by the collagen biosynthetic studies of Bornstein éf al.
(1972).

The finding of a non-collagenous glycoprdtein eétractable with
ufea or reduction and alkylation by Kefaiides and Winzler (1966) is in-
direct disagreement with the_observations of Hudson and Spiro (1972a) -
‘who could not find such a component. The reason for this discrepancy
- is unknown. it is poésiblé that‘the method used by.Spiro (1967a) to
isolate glomerular basement membrane removes the non~collagenous protein.
that Kefalides ana Winzler (1966) observed. The'materiél e%tractea in
urea alone accounts for less than.lOZ of the basement membrare weéight .

and might represent only a surface protein on the basement membrane
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matrix.k The polydisperse ﬁature of the glomeruiar basement membrane
proteins obtained by reduction and alkylation observed by Hudson and
Spiro (1972a) was. not observed by Kefalidés and Winzleri(lgéé); No
explanation isvavailable,_ fﬁe finding'pf‘Séiro (1976) that no pure col-
. lagen component could be isolated fromfréduéed énd alkylated basement

membrane ié in.agreéméﬁt with Kefalides (1973) that the small glycbpro—
tein he §bservesvis bound to théiéollégen éomponent through the.primafy
structure and, as such, is an integral portion of the collagen molecule.’
The'question'qf,whethef theibasement membrane is composed of glycopro— .
teins which contain collagen regions or collagen.molecules ﬁith',,;
lecoprétein extensioné appéarslto be in part a questiQh of semantics as

to what is and what is not "collagen".

Basement Membrane Metabolism

Our understanding of the metabblism>of the various basement mem-~
branes is incoﬁplete. In addition to the transcription and translation
’processes which are required for protein synthesis, eﬁtensive post- |
translational alteration of the profein structure is known to occur. In
the modéi of the basement membrane prbposed by Kefalides (1973), a col-
lagenous componenf containiﬁg a glycoprotein extension gnd a separate
200,000 molecular weight glycoprotein component constitute the'proteiné—
ceous elements of the basement membrane matri%, The glycoprotein com-
ponent requires the addition of fucose, galactose, hexosamines, sialic
acid, and mannose, but does not requiré hydrokylation of amino acids

situated in the peptide chain. The collagen component, however, requires
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hydroxylation of both proline and lysiné in addition to the glycosyla- |
. tion of the hydroxylysine and the formation of the heteropolysaccharide.
Spiro's model of the basement membrane (1976) would requife-the same
biosynthetic médifications as thé collagen componént of the Kefalides
model‘(l973). |

Two typéskof ig_zig;g_sysﬁems have been used to study basemén£
meerane ﬁrotein‘synthesis.f The most active bésement membrane synthe?_
sizing tissues are of embryonig origin. Wﬁole embryonic chick lens and
-the cells isolaﬁed‘from‘themv(Grant, Kefalidesraﬁd Prockop,Vl97Za),jand,
.morebrecently; the embfyonic‘rat pariefal yolk sac (Clark et-al.,.1975): -
‘havé'been’employéd. VThese rapidly devéloPing systems héve several ad-
vantages over mature'systeﬁS: the eitracellular matrik is free of most
of the extrafbasement membrane contaminants; only a single cell type iS’V
resPCnsible for bésement membrane synthesis (yolk sac only), and most
importantly a relatively large percentage of the newly formed protéin
was basémept membrane collagen. The mature tissue'jgljggggg&systems for
the study'of basément membrane formatioﬁ>héve the advantage that dis-
eases known to affect basement membrane-morphology and structure usually
occur in mature systems. - Thus, informatioﬁ obtained in these.3ysteﬁs~is
directly applicable to patholégical cause and effect relationships.

Because of the similarities between collﬁgen and the basement
membrane collagen component, much of the information availabié'about
.the post—-translational modificatioﬁ of the basement membrane protein has
been derived from studies with collagen systems (Figure 3). vAs collagen

protein synthesis occurs, the prolyl and lysyl residues in the third



25

Selection of Basement
Membrane Genes

Transcription
Hydroxylation of Proline Glycosylation
and Lysine (Heteropolysac-
charide)
Helix Formation
(Interchain Disulfide Bond Extrusion
Formation) (Mechanism Unknown)

Glycosylation
(Disaccharide and
Heteropolysaccharide)

Extrusion by
Microtubules

Cleavage of Carrier
Protein Regions from
Collagen Molecule

Laydown into the Basement
Membrane Matrix

(Disulfide Bond Formation)
(Crosslink Formation)

Figure 3. Proposed Pathways for the Biosynthesis of the Collagenous
and Non-Collagenous Basement Membrane Proteins
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- position of what is called the collagen triplet (gly-X-Y) are suscep-
tible to the soluble hydroxylatlng enzymes peptldyl prollne hydroxylase
and peptidyl lysyl hydroxylase (Grant and Prockop, 1972; Udenfrlend
1970) These enzymes require a—ketoglutarate, molecular oxygen, ascor-
bic ac1d and ferrous irom. Hydroxylatlon occurs before release of the
nascent chain‘from~the ribosomes>(la2arides, Lukens and Infante, 1971;‘
Miller'and Udenfriend, 1970).‘_It hasibeen founé that hydroxylation re-
sults in stahilization of the triple—helical confcrmation characteristic
of collagen'fibrils (Berg and»Procko§5‘1973; Jimenez et al., 1973).
Fromhthislebservation of triple—helix stabilization by hydrexylation, it
was éroposed that‘triple—helix formation occurs during ot shortly after
the release of the hydroxylated collagen protein from the ribosomes. It
is of interest to note that basement membrane collagen is much more hy=-
drqulated than most vertebrate collagens (Miller, 1971; Kefalides,
1971). Basement membrane~collagen contains approrimately 190 hydroay—
»1ated residues while other collagens contaln only -about llO hydroxylated
re31dues. |

| Although the reason for the difference in the number of hydroxy--
lated residues is not clear, a hypothesis to- account for this phenomenon --
can be suggested, When' Grant, Kefalides and Prockop (1972a, 1972b) in~
cubated intact lenses and lens cells with 14C-*ﬁrcllne and monitored the
- appeatrance of basement membrane collagen by 14C-—hydroxyp.roline formation,
. it was found that a lag time of 60 minutes was required before secretion
of‘thezbasement'membrane cdllagen-was'begunn In addition, the molecular
weight of the initial radiolabeled basement membrane collagen decreased

frem~l40,000_to 115,000 daltons. In constrast, chick embryo
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tendon cells synthesize and secrete collagen in only 20 minutes (Dehm
and Prockop, 1971). The molecular weight of newly formed tendon colla-
gen also undefwent a conversion té a smaller protein of from 120,000 to
95;000 daltons. .If a relat?vely larger basement‘membrane collagen was
- being made which required a longer ribosomal association time before
rélease"and helix formation, the soluble hydroxylating enzymes would
have a longer period of time in which to hydroxylate susceptible proline
and lysine,residues'than in the case of the smaller tendon collagen mol-
ecule. |

| Attachment of the disaccharide unit to the hydroxylated protein
is a two stép‘process. First, UDP-galactose donates galactose to the
hydroxyl group of hydroxylysine via the membrane bound enzyme galacto-
sylfransferase (M. Spiro and R. Spiro, 1971). The second step inﬁdlves
the addition ofvglucose from UDP-glucose to the hydroxylysine-linked
galactose by the Qembrane bound enzyme giucosyltransferase (R. Spiro and
M. Spiro, 1971). The number of disaccharide units attached is directly
correlated with the number of available hydroxylysine residues present
in the collagen molecule (Miller and Matukas, 1974). This suggests that
the amount of disaccharide units present in the basement membrane colla-
gen 1is dépendent upon lysine hydroxylation activity. The presence of a
glycbpeptide extension on the collagen component requires the addition'
of carbohydrates characteristic of the heteropolysaccharide to this
peptide region. At the présent time, no information concerning the
fqrmation of this heteropolysaccharide is avaiiable for basement mem—

brane systems. By analogy from glycoprotein biosynthetie studies,
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however, the addition of mannose,<galactose, fucose, sialic acid,-and_
galactosamine and glucosamine probably occurs in a stepwise-oanner in-
srvolving a nucleotide activated sugar anid a specific enzyme'transferred
system (Spiro,xl969). The'carbohydrate transferases'afe thought to be
located on the endoplasmic reticulum (Spiro, 1969) |

| After synthe51s, hydroxylatlon, glycosylation, and trlple hellx
formation, the basement membrane collagen is secreted'from-the'Cell
(Grant, Kefalldes, Prockop, 1972a, Grant, Harwood, Williams, 1975)
The process of collagen secretlon is thought to be a microtubule di= -
rected phenomenon as indicated by the inhibition of collagen secretlon;
by the mlcrotubule inhibitor, colchicine CDahlStrom, 1968; Malaﬁista;
1965; Williams and Wolff, 1970). No information is availablefoh»the,”a
ﬁroute of eatrusioa of the nbn*collagenous glycoprotein baSement membraae
component. Recent findings by Williams,:Harwood_aﬁd;Grantj(l976)}indi? '
cate'thatjthevbasement'membrane collagen component is in the triple hel-
ical form and that the individual'proteins are covalently linked by |
sulfide bondss It is not known Whether'the disulfide bonds arefformedf
before or after BaSement membrane collagen secretion.

- After extru31on, ‘the basement membrane collagen is enzymatlcally
cleaved to a smaller molecular Welght species (Grant, Kefalldes, Proc—
kop, 1972a, ~b;:Grant,LHarWOod,,WilliaMS, 1975; Williams-et al.,’l976)
'ohich is larger than similarly modified collagens (Dehm and Prockop,
1971). The mechanism by which the helical basement membrane collagen

components associate with the basement membrane matrix and ultimately

become covalently attached to it is unknown.
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Basement Membrane Function -

Tissue'Suppoft’and Repair .

Basemenﬁ.mémbranesxas a class are thqughf.to have two physiolo— '
gical functions. The first and most obvioué is that of am eitracellular
rscaffold to which cells thaf define otrgan function are attached. This
vscéffoid provides physical support (Murphy énd Jéhnson,,l97$)'aﬁd éerﬁes
to define and-maintainAthe spatial arrangemeﬁt of the particgiar'qrgan
system. | |

.In éddition t§ this support function,_ba;ement membranes are
élso involved7iﬁ tissue repair processes (Vracko, 1974a). When small
portionévof various organs (lung, muscle, kidney, liver} were injured
resulting in- cell death, fiésue repair occurred by an orderly rep0pula-“
tion of new cells in the injured afean' This répdpulation prbcess oé~
curred by the growth of new cells along tﬁe remaining uhinjﬁfedAbasement
membrane untilrﬁhe same ﬁumber of cells, types of cells, and positional
arrangement. of the cell types was similar to that before the injury.
This orderly repair process‘results in the restoration of physiological
function to the injured area.. However, if the basement membrane was -
destroyéd during the injury process, orderly tissue repair did not occur,
séar tissue was formed>and physiological funétioh was lost.

The-ability of the basement mémbrane to properly position the -
repopulating cell types has been related to a sidedness or polarify'for
cell types. When skeletalvmuécle basai'lamina segments were excised and

reimplanted, the'surrOunding muscle fibers and capillafies, although



30
having access to both sides of the implanted basement membrane, invari-.
ably prefered to attach and grow on only one side (Vracko and Benditt,
1972). Thus, the basement membrane contains structural information
wﬁich permits'or stimulates repdpulatiqn of the pro?er cell types in the
préper nuﬁbéis in the corregt spatiél arrangement to maintain tissue
structure and function. 7
The Basement Membrane in.

Glomerular Filtration

In additionvto physical support and repair functionms, certain
basément"membranes have been theorized to play a role in other physio-
logical processes. The glomerular basement membrane has been thought to
be such a structure. From the électrcn microscopic tracer studieslof
fafquhar, Wissig, and Pélade (l96l) a functional modei.for'thg glomerulus
énd its components was reportea. The glémerular basemeﬁt membrane (GBM)
was accorded the role of the main filter of thg glomerular capillaries
(see Figure 4). The en&othelium on the blood side of the capillary was
said to be a valve which limited access to the filter (GBM) while the
epithelium located on the urinary side of the capillary monitored the
passage of filtered protein for recovery. The mesangium was thought to
maintain the filtration integrity of tﬁe GBM by removing substances
which might clog the filter by accumulating against it. -

Aﬁother view of the glomerular filtration mechanism is held by
Ryan, Hein, and Kafn0vsky (1976). They have reported that glomerular
filtration barrier function was dependent upon the maintenance of normal

blood flow conditions. Two filtration models Were'proposed by these
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authbrs to account for their findings. Thé first propdsed mechanism in-
volved the establishment of a "concentration-polarization 1a&er" betweén
the endothelium and GBM. This barrier layer was proposed to arise when
AAlarge pr§£eins which were héld up by the GBM during ultrafiltration in-
hibited the passage of the smallér blood proteins. The second proposal
> involVed the filtratiom of'pfoteins ndt'only on the basis'of’their mol-
ecular~Weigh£.and molecular radius, but charge. Chang et al. (1975)
have repbrtéd thét negativély chérggd dextrans are héld‘up'more than
neutral dextrans of thé same molecular Weight‘and radius. The location
of'this charge barrier thought to be in the form of negatively chérgedi
glycop;oteins was presumed to be either on the endothelial‘céll surface
_or the blood side of the'basement'membrane because plaéma pfoteins were
not normally observed to penetrate beyond ﬁhe endothelial layer (Ryan,
'Heins,and Karnovéky, 1976). Sialoprotéins ére also known to coat the
epithelial foot processes (Latta,‘Johnstdn,-and-Staniey, 1975). Kar-
novsky and Ainsworth (1973) havelreported electton micrésCOpid_tracer
studies which sﬁggest.that the epithelial slit pores may also possess a
»filtration capability. In both of their proposed filtration mechanisms
Ryan, Hein, and Karnovsky (1976) hypothesize that "the epithelial layer
| may, by controlling solvent flux, indirectly but significantly modulate
the rate of passage of plasma préteins across the GBM"°
The administration of puromycin aminonuéleoside to rats results

~in proteinuria WithinvthrEe‘days and thus provides a model system for
" studying abnormal gloﬁerular sttucture and function. When Farquhar and
Palaée (l961)»examined glomefulér morphology 9 days after the commence-

ment of daily aminonucleoside injections, they observed not only altered
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epithelial structure, but a thickening of the glomerular basement mem—
brane. Thelglomeruli also exhibited areas of a spongy, less dense mate-
rial ﬁhich was presumed to be abnormal basement membrame. Protein
-tracers were observed to pénetrate the glémeruiar basement ﬁembraﬁe of
these aminonucleoside treated animals. TFarquhar and Palade (1961) rea-
soned that since the»glomérular basement membraﬁe»is.morphologicaily
altered during puromyciﬁ~aminoﬁucleoside treatment fésulting in protein-
ufia, the basement membrane is the main'filtration barrieri In additionm
to the observable microscopic changes, Kefalides and Forsell=Knott (1970)
have reportéd an increaéé in the g;ﬁcose content of the glomerular base-
ment'membfane isolated from rats that had been treated with the amino-
nucleoside for 1l days. An increased rate of proline incorporation into
glomerular basement membrane cgllagén during aﬁinonucieoside nephrosis
had also been.observed (Blau and Michael,_l97l).

Ryan and Karmovsky (1975) and Fisher and Klein (1963) have ex-
-amined*glbmerularAstructure 3 days after fhe commencement of aminonucie—
oside injectidn. They have reportea that while -the basement membrane -

appeared normél the épithelial foot processés Wére fused and clumped.
Michael, Blaﬁ, and Vernier (1970) have noted a decrease in the amount df
sialoproteins'obtainedvfrom glomeruli isolated from aminonucleoside ne~
phrotic rats as compared to controls. Interestingly, during proteinuria
induced by the ihjection of large amounts of albumin the sialoprotein
content decfeased while the epithelial foot processes became fuséd'(Roy,
Vernier, and Michael, 1972). The glomerular basement membrane appeared

normal during protein load induced proteinuria.
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The mechanisms by which aminunucleoside injection or protein
load induced proteiﬁuria are ndt known at the present‘time.A.In the case
of protein load it appears that proteinuria décursiiﬁ the absence of
recognizabie structural:changes in the basement méﬁbrane. In the acute
stages of aﬁinonucleoside proteinuria, abnormal protein filtratioﬁ.is ob-
' ser§ed'before'deﬁonstrable bésement'membrané'changes.' iﬁ'both céées,'
significant strugtural,alterétions are-observed in the epithelial foot
pfocesses. These findings Would favbr the Karnovsky.model of the sialo-
proteinfcoatfor epitheliélvcells as acting as_the primary barriér-fo
protein filtfation in the glomerﬁlﬁs and notkthe glbmerulér-basement

membrane.

The Glomerular Basement Membrane in Disease

The renal glomerulus is tﬁe site of numerousgdiéease.related'
processes which resul; in glbmerular basement membréne alterétions (Churg
and Grisham, 1975). 'The'diseases affeéting the glomerulér basement mem-
brane fall into two general categofies. The first category encompasses-
diséasés which involve a direct attack by extra-glomerular factors on
the basement membrane.‘rThese,are primarily antigen-antibody reactions
involving the»matrix per se ér-substances trapped within thé'matrik.

' The second category includes diseases in which basement membrane alter-
ations are secondary to changes in glomerular metabolism. The exact
nature of these glomerular metabélism'changes is not know.

Diabetes'mellitus‘WOﬁld be classified in this second category.

' In diabetes the glomerular basement membrane becomes significantly -
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thicker in width (fsterby and Lundback; 1970). -Similar'but,leés dra-
matic basemenfvmémbrane thickeniﬁg is.obsefved in other tissues (Otto,
Themann, Watner, 1967; Kilo, Volger, Williamson, 1972; Vracko and Ben-
ditt, 1974). Two major qﬁéstioﬁs concerning diabeteé and basement mem— -
brane alterations have béén raised over the years. The fifst question.
ﬁasvhéw closeiy does:tpe onset of diabetes correspond to thé commence-
ment of basement membraﬁe thickening? = Siperstein, Unger, and Madisqn‘-
(1968) exgmined muscle capillar& basement membranes im normal, diabetic
and prédiabetié'patients and.f;und that the basement membrané thickness
was smallest iﬁ the normal, gréatest in the diabetic and intermediate in
the prediabetic grouﬁs suggesting a hereditary predi§p§s1tion,for'base#
. ment mémbraﬁe thickening. More'recently, however, mpré detailed studies
of{Kilo, Volgér, anerilliamson (1972) have indicated thaf,the commence-—
ment of basement membrane tﬂickening is correlated with the omset and
'bduratioﬁ of diabetes. @sterby (1973) and Otto, Themann, and Wagner
(1967) have also found a correlafion between the known duration of dia-
betes and thickness of capillary basement membrane. Curfently, base~
ment thickness is regarded as a function of age énd duration. of the
aiseaseg
The other question that has received conéiderablé attentiqn is

'Whétherﬁthe glomerular basement membrane coﬁpOsition changes with the
duration of diabetes. There is presently a divergence of opinion on
this quéstion@ Lazarow and Speidel (1964) found an increase in the’
amount of basement membrane material in glomeruli isolated from hﬁman

kidneys with lohg standing diabetes. Although an increase in basement
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membrane content was observed, no composifional differences were ob-
sefved between the normal énd diabetié saméles;' Studies by Kefalides -

, ‘(1974) ;nd Westberg and Michael (1973) have also failed to find any sig-
nificaqt differences.betwéen normal'ahd &iabetic samples although a
slight decrease in the half-cystine content'wés'seen in thevdiabetic‘
samplesgrbBeissWengér:and’Spird (1973), on the Othér hahd, have reported’
finding significantly more hydroxylysine and disaccharide units in dia-
betic versus normal glomérular Basement»mémbrénes Arcorresponding de~
crease in‘the Iysine'céntent was also.'observ'ed° In éddition, sliéht
~ increases in the hydroxyproline and glycine and decreases in the valine
and tyrosine contents Were‘reported (Beisswenger and Spiro, l973§ Spiro,
1976). These reported differences in ﬁhe amino acid contént of diabetic
glome?ulér basement.membraﬁe samples has not been completely:e£plained.
'Differences in the_duration, sevéritf'aﬁd contxol of thé:diabetié popu-
lations sampled might expléin the observe& compositioﬁal &iscrepaﬁcies.
Alternatively, the differences in the glomerﬁlaf basement mémBrane iso-
lation procedures used by Spiro (1967a) and Kefalides’(1966) might also
account for thé differences observed. |

At the present time there are many hypétheses‘to account for the
glomerular basement membrane changes observed in diabetes. Vracké and
Benditt (1974) have proposed that diﬁbetic cellsvare more Susceptible to
cell injury and desfruction than normal cells reéﬁlting in an increased
diabetic cell turnover. They hypothesize that the cells are programmed
to form one quénta of basement membrane dufing,their life span (Vracko,

1974b; Vracko and Benditt, 1970). By increasing the turnover of cells,
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basement membraﬁe is formed at a faster rate resulting in a thicker
basement membrane (Vracko énd:Bendiﬁt, 197057

There are many observations, however, which would argue against :
heredity as being the determinant of basement membrane lesions. Base—
ment membrane thickness correlates with the duration of -diabetic meta-
bolic distrubances (¢sterby,'1973;vKilo, Volger, Williamson, 1972§ Ot£o,'
Themann, Wégher; 1967) . There'ié less basement membrane thickening
(Jackson et al., 1975;'Bloodwdrth and Engerman, . .1973) and a lowered oc-
currence of nephrdpathy and retinopathy Withrgood diabetic control
(Reiding, Root and Marble, 1952; Hardin et al., 19565 Miki et al., 1969;
Pirart, Lauvaux and Eisendrath, 1975; Job‘et;al;,l975)a Additionally
nofmal animals in which diabetes was eﬁperimentally induced demonstrated
microangiopéthies° Normal patients affected with pancreatic diseases
resulting in.a loss of insulin activityvalso show microangiopathies.
Glomefular capillary mesangial lesions resulting from induction of eé—
perimental diabetes regressed following pancreatic islet transplantation
(Mauer et al;, 1975). Taken together, these oBservations,Would argue
for either a direct or indiréct role for insulin in the development of
microangiopathies (Spiro, 1976). Peterson, Greene, and Reafen (1971)
observed that ribosomes isolated from insulin,deficient fat‘kidney cor-
tex were more active in peptide chain elongation than ribosomes from
normal animal kidneys. Mogensen and Andersen (1975) observed that in~
sulin normalized kidney size after a diabetes induced kidney enlargement.
These findings Suggestvthat insulin results in decreased protein synthe--

sis. = This might account for the increased basement membrane thickness
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observed dﬁring states of inéulin inadequacies (i.e., diatebes). At.
present it is not known whether inéulin itsélf or an iﬁdirect effect of
insulin such as on glucqsé metabolism affects basement membrane meta—
bolism.

Diabetes appears to have a selective effect on certain steps in
'_.the basemént_memﬁrané syﬁthetic pathway.  R. Spiro and M. Spirc (1971b)
found signifiéantly elevated glucosyltransferase activity’iﬁ rat kidney
cortex samples of'diabetic rats as cdmpared torcontrols. Khalifa and
Cohen (1975) have reported increased lysyllhydréﬁylase~activity in glom-
eruldr preparations from diabetic rats;‘ These findings Woﬁld sﬁpport
the.hyﬁothesiS'of increased sjntheéié of the bésement membrane collagen
éompoﬁent.. Enzymes thought tb be responsible for the'formétion of the
heteropolysaccharide were not elevated under experimenfél diabetic con—r
ditions (R. Spiro and M. Spiro, 1971b, .1971c¢).

Incieased hydroxylation followed by a concommitant increase in
the disaccharide attachment activity are post-translational processes -
which may benregulated by blood glucose levels (R. Spiro and M. Spiro,
1971b;:.Khalifa and Cohen, 1975). The'chaﬁges in glomerular basement
membrane glycine,'tyrosine aﬁd valine coﬁtent (Spiro, 1976) are more
difficult to'explain by alterations in post-translational events. More
reasonable would be changes;in the rate of formation of different base-
ment;membrahe component proteins, preferentia$ incorporation of certain
basement membrane components, or a selective degradation of certain

basement membrane components.
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In addition to ineulin and bloo& sugar levels, growth hormoﬁe‘
has been 1mp11cated in the progression of dlabetlc mlcroanglopathles
(Lundbaek 1971). Mogensen and Andersen (1975) have reported increased
levels of somatotropin in juvenile diabetics. Decreasing'the‘blood |
levels of somatotropin by pituitary ablation slowed the rate'of'p:ogres—
~ sion of diabetic retinoPaﬁhj (Luft and Guillemin, 19745 Ray eﬁ al.,
1968). SbmatetrOPin—deficient diabetie dwarfe have been‘found to be
resistenﬁ to the deve10pment of microangiopathies (Merimee et.al., 1970).
The interrelationship between insulin, blood glucose and gro&th hormone -

in the development of basement membrane lesions requires further study. .

ﬁetionale and Objectives
The study of the‘basement membrane in health and disease has
Eeen hampered by a number of methodoiogical problems. First and fore-
most has been the lack of methedology for’the.isolation of morpholog-
ically ihtact highly purified basement membranes from tissues known . to-
be affected in various disease states Which result in basement membrane
-lesions. The.queetion of whether er not the composition of the glom—
efular basement membfane'chenges during diabetes may well rest on the
development of improved.basement membrane isolation techniqﬁes. As a
coroliary to the improvement of basement membrane isolation techﬁiques;
the collection of pure suborgan frections from which to isolate basement -
‘membrane is‘nece‘ssary° For all but a few suborgan preparations; the
purification of suborgan_fractiensvresults in the contamination of the

fraction with organ debris or unwanted structures. Consequently, the’
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first objective of.this study;wiil be to develop improved methods for
tﬂe isolation of pure morphoiogically intact basement membranes from
disease susceptible suborgan fra-_cticms° .In‘this:regard, Meezan et al.
(1973) have developed a’procedure_for the isolation of a highly purified
, rat kidney glomerular prepafation Whichvis 99% free of tubular contami-
nation,  Isolated brain micfovessélé (Brendel, MEeZan, and Carlson;
1974)  and retinal blooa vessel CMéézan,3Brendél, and Carlson, 1974) prep—
aratiéné,are also available in high ﬁurity.- Using these‘isolated sub-
organ fractions and appfopriaté reference tiésues, basement ﬁembrénéS'
will be isoléted aﬁd analyzed. The structural intggrity of the~isolated
basement membranes will be monitored by light and_elecﬁron microscopy.

Because of the:lack‘bf a pfocgdure for the acquisition,of~
highly purified basement membranes, biochémical studies of basemenf mem-
brane synthesis have examined primarily non—métri%'boundﬂﬂewly‘forﬁed'
proteins (Krisko and Walker, 1974; Williams et al.,'l976; Killen; Quad- -
racci,'Striker, 19743 Brown and Michael, 1973§'Cohen and Vogt, 1975)°
Since the basement.membrane is defined by its anatomicél appearance, the
use of systems in which the-matriézis not purified may ée'éusceptible '
to ﬁon—basement membrane protein contaminatiom. In:parﬁ due to the dif-
ficulty of isolating the basemént membrane matrix and the relativelf
slow turnover of bésement membrane proteins (Walker, 1973; Spiro, 1976),
the processes associated-with:the deposition of newly formed basement
membrane proteins are poorly def.ined° Thus, the second objective of
this study will be to examine the deposition of newly formed proteins

into the basement membrane matrix. The isolated rat glomerular
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preparation of Meezan et al. (1973) will be used.‘kThis glomerular_
preparation has been demonstrated fo be metabolically active and mor-
phologically intactVCMeezan“et“al.,.l973;.Brendel and Méézan, 1973). 1In
addition, glucbneogenic activity was bbsér&éd in this glomerular prep-
aration (Brenael and Meezan, 1973). This fiﬁding'of gluconeogenic
activity in a'suborgan fraction kmown to be altered in diaﬁetés pro-
vided an épportunity to study the role of-glucose in basément membrane
formation. Beissweﬁgervand Spiro (1970) reported ﬁhat diabetiq glom~
'érular baéementjmembraﬁes contained.subétantially more glucose and'galac—
tose than normal glomerular basement membrane sampies. Spiror(l97l)
hypothesized thét iﬁ diabetes, glucése was shunted to insulin insensi-
 tive metaBblic_pathways. It was implied that the'giycosyiation of base-
ment membrane protéins-was such a pathway (Spiro, 1971). The finding of
gluéose production in the gloﬁerular preparation raised the questioﬁ of
which pool of glucose might be responsible for ﬁhiS‘proposed increaséd
glucose utilization. Thus, the thir& objective of this study will be to
.determine if glomerular gluconeogenesis is a factor which could influ-
ence basement memﬁrane synthesis by increasing the élucoée levels in the

cells where basement membrane synthesis is occurring.



CHAPTER 2
MATERIALS AND METHODS

Tissue Isolation

Rat Glomeruli

Male Sprague-ﬁawleyvrats weighing 250 - 300 ngVWere‘used in all
metabolic e#perimentsa They were gi%en.Wayne Lab—BloxR (Allie& Mills)
and tap water ad libitum. For gluconeogenic experiménts, the animals
were allowed only“tap water for the 24 hoursbprior té the experiment.
Rats were anesthéfized with an intraperitoneal injection of 0.1 ml/100 »
gms Sodium NembutalR; A midline incision was made and the abdominal
musculature retracted. The mesentgric'artery was ligated. Loose liga-
tures were placed on the descending aoffa aoné and below the branches
tb the renal arteries. Cannulation of the descending aorta below the re-
nal.afteries followed complete ligation at the upper aortic site. The
ascending vena cava was then severed té permit drainage of the perfusate.
. The kidneys were perfused with 20 ml of Earle's balanced salt solution
A-Héo, 0.8 mM MgSO, - 7H,
cose, 1.8 mM CaClZ) buffered.with HEPES (N—Z;hydrOXYethylpiperazine;N-2~

(116 mM_NaCl, 16 =M KC1, i mM NaHzPO *7H,0, 5f6 mM glu-
ethane sulfonic acid (pH 7.4) fortified with 0.1% bovine serum albumin
arid 50 mg/1 Penicillin'GR followed by 10 ml of an iron oxide suspensionv
(0.72 gm/100 ml) conéisting.of buffer with 4% polyvinylpyrrolidone.
Physioclogical préSsures were maintained throughout the kidney perfusion.
VThe kidneys were removed, minced with scissors and homogenized Witﬁ four

up and down strokes with a hand-held homogenizer'(ArthurvH. Thomas Co.,

42
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Philédelphia, PA), which had a tapered loose fitting teflon pestle in a
glass tube.

The homogenate was poured oﬁto,a 210 u pore size nylon sieve
(Kressilk Products Inc., Monterey Park, CA) and washed by spraying with
buffer. The material passiﬂg through the 210 ﬂ sieve was then washed
through arseries of 153 ﬁ, 110 U, aﬁd,64 ﬁ pore size sieves, fespec—>
tively. The 110 p pore size sieve wés‘included in the .isolation regimen
only when the gluconeogeﬁic activity of the various glomerular fractions
was being studied. See Figure 5. The material retained on»the 110 ﬁ
" and/or 64 ﬁ sieﬁes Was-suspended:iﬁ.buffer and held over a permanent
magnet. The iron.oxide partiéles lodged in the glomerular capillaries
caused the glomeruli to rapidly_aggregate near the magnet. The non-
magnetic materiél Was'decanted off. . Well defined, recognizable free tu-—
bules made up approximafely 807 of the non-magnetic material retained on
the 64‘ﬁ sieve with the 5alance of the material béing small, ill defined
structures, the majority of which were probably of tubular oﬁigin. This
fraction was the source of rat kidney tubulesrﬁsed in the gluconeogenic
experiments. After several decantgtion washings, the magnetic material
consisted of glomeruli 997 free of tubular contamination.

A further modification-of this procedure allowed the separation
of glomerular tufts aﬁd glomerular tufts with attached Bowman's capsule
(Hjelle, Meezan, and Brendel, 1975). This involved suspending the glom-
eruli, which were freed of tubular contamination by the iron oiide pro-

cedure, in Kreb's bicarbonate buffer in a plastic Falcon petri dish.

After 5 - .10 minutes those glomeruli with attached Bowman's capsule
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édsorbed to the surface of the petri dish. The glomerular tufts re-
mained unattaéhed and could be collected by decantation. The glomeruli
with attached Bowman's’éapsule could be reﬁo&ed froﬁ the petri dish by a
.milﬁ.rinse with aibumin'coﬁtaining buffer. The suspended preparation
was approximately 95% free‘of glomeruli with attached Bowman's capsule.
Approxiﬁa£e1§ 80% of tﬁe giomerﬁiér tﬁfts‘in the non~sﬁ§pendéd fraction”
retained their Bowman'éAcapsule,.althqugh this percentage varied among ;i
- . preparations. Further purificétion pf these:?reparations was - accom .
plished by femoving contéminating étruCtures Witﬁ'a drawn pipet while~

viewing the glomeruli through a dissecting microscopeg'

Rébbit Proximal Tubules

New' Zealand White rabbits Weighiﬁg 2 =« 3 Kg were used in all.
experiments. The rabbits wére maintained on Wayne Rabbit BiéndR (Allied
Mills) andutap water ad libitum. The rabbits were given only tap water
for the 24 hours prior to gluconéogenic experiments. Initial e#peri_
ments eﬁployed aceﬁaparaldehyde (0.5 mg/kg) givenjés an intraperitoneal-
‘injection followed by diethyl ether to bring the animais to a surgical
plane of anestheéia. Subseqﬁent experimentation has shown that killing
of the'animél with a blow to the head permits the necessary in gitu sur-
- gery to be performed WithOutvadverse effect on the metabolic activity of
the isoiated tubules. Because of the larger size of the rabbit relative
to the.ra&, the renal arteries could be cannulated directly. The kid-
néys were perfused under physiological pressures with Earleé's balanced -

salt solution fortified with 0.01% bovine serum albumin and 50 mg/l
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Penicillin GR. For'glucoﬁeogenic experiments, the glucose was omitted
from the buffer. VAfter ;omplete removal of blood eiements as indicated
by arlightehing in‘colér of the kidney, a suspension of>iron'oxide 0.72
gm/1l was perfused inanrle“s buffer containing 4% PVP. The kidney cor-
tex was thep removed With'sufgical forceps and susPehdedfin buffer in a
handvEémogeniZerIeQuippéd with a loDse‘fitfing Tefldn plunger; Five up
and_down‘strokesvwith the hand homégenizer'disrupted the cortical mate-~
rial sufficiently to permiﬁ sieving.i The homogénate—was poufed through"
‘a 210 u pore size sieve and washed by spraying with buffer. The mate-—
«rial passing through the sieve was then poured onto a 153_ﬁ sieve. The-
material washed through the 153 ﬁ sieve was placed on a 64 ﬁ pore size
sieve. The material rétained on'the 64 1 sieve consisted of<9SZ ﬁubules
with - 5% iron'o#ide filled glomgruli° Follbwingra bﬁffer wash on" the .
64 u sieve, the_tubqles and,giomeruli were washed off the sieve into a
plastic beaker*aﬁd placed over a magnet. The suspended tubules were
tﬁenrdecanted into a plastic centrifuge tube While'fhe iron oxide filled
glomeruli remained at the bottom of the beaker attracted'by the magnet.
Céntrifugation of the tubule sus?ension ét 2000 # g resulted in;a tubule
pellet 997 free of any contaminating structures.

To compare the metabolic activity of the tubules obtained by the
homogenization and-sieving prodédurg to that of tubules prepared by the.
.classical enzyme digestion procedure of Burg and Orloff (1962), one kid- -
ney was cannulated and peffusedfwith Earle's buffer as described above.
The contralateral kidney was perfused with 15 ml of Earle's buffer con-

taining 1 mg/ml collagenase type II (Worthington Biochemical Corp.,
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Freehgld, NJ). Thé-collagenase treated kidney was then minced énd sus-
pended in 40 ml of the collagenase solution. After 30 minutes, the kid-
ney mince was filtered through cotton gauze. Subsequent experimentation
had demonstrated that the tissue could be more efficiently handled if
the cotton’gauze was repiaced by nylon sieving material.  Thus, for the
experiments_describéd'fhe cotton gauze used by Burg and Orloff (1962)
' WaS‘replacéd with nylon sieves.: Extensive washing'df‘the collagenase
treated material Waé.required due to the avidify with which the collagen-
ase aﬁtached to the tubular basément membrane. The gollégenase treated
tubules weré collectedroﬁ a 110 ﬁ pore size nylon sieve;

To compare“the effects of collagenase perfusion on tHe metab—
'olismréf the,isolated‘tubules,.én aiiquot~of the tubules’isolated by the’
ifon oxide-berfusidﬁ—homogehigation method was suspended in Earle's. buf-
:fér cOntaiging.l'mg/ml'collagenase for 30 minutes. >The metabqlic acti-
ities of the non;collaggnase treated tubules, the collagenase.incubated -
tubules, and the coliagenase perfused and incubated tubuleées were then

measured.

Bovine Retinal Blood:Vessels

Isolation of bovine retinal blood vessels employed the method of
Meezan, Brendel,,aﬁd‘Carlson (1974). freshly enucleated Bovine eyes
wefe obtained from a local slaughter house (Jones Meat Packers). The.
retinas were removed énd placed in Earle's buffer. The retinas were
kept on ice in Earle's Buffer while being transported to the laboratory.

Mincing of the retinas with scissors was followed by an initial
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5 homogenization of 10 up and down strokes in a‘smooth glass’hand-héid
’homogenizer equipped with a Teflon plunger.i.Thé homogénate was poured
onto an 86 ﬁ pore size sieve and washed by sprayiﬁg-with buffer. After
extensivé washing, the.refained material WaS~rehomogenized‘with>5’up ahd
down strokes of the hand.homoggnizer; The homogenate was again poured
over an 867ﬁ sieve and washed with buffer. The retainéd material was

99% free of non-vascular material. Figure 6 illustrates this procedure.

" Bovine.Brain Blood Vessels
| Following the method of Brendel, Meezan, and Carlson (197z%),

cortical blood vessels were isolated from bovine brains obtained from a

"local slaughter houée. The brains Weré kept on iée during ﬁransport to
the laboratory. Pieces of cortical tissue were removed from the brain
with surgical forcepsvand placed in.a hand-held smooth glass tube
equipped with a loosé fitting Teflon pestle. Hand homogenization with
10 up-and down strokes of the cortical pieces suséendedvin'Earle's buf-
fer resulted in the disruption of the'majority of non-vascular elements.
Theihomogenate was poured over a 153 ﬁ pofe size sieve which retained
the vascular elements but passed the disrupﬁed non-vascular material.
The retaiﬁed'vessels were washed withnspray of buffer. Complete femoval
of adhering non-~vascular material was accomplished by a second 10 - 15

, st?oke homogenization of the retained vessels. A resiéving of the homog-

enate and buffer wash gave a highly purified brain vessel preparation.
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Bovine Lens Capsule
The‘lens capsule from enucleated bovine eyes was obtained by
sprgically removiné the lens. .The.lens was thenrbiéected and the lens

capsule removed with forceps and washed with a spray of buffer.

ngsementxMembra#e Isglatipn

The procedure~for the isolatién of‘the basemént membrane from
the various‘suborgén prepérations has previously been reported by our
labqrétory.(Meézan:et,al., 1975) and‘is shown in Figure 7. Cell lysis
was achieved by stirring the tissue in a lafge vélume'(lOO:l) of dis-
“tilled water contéining o,1z soﬁium azidevfor 1 - 2 hours. After cen-
“trifugation the pellet was éuspended and stirred in 40 ml of 1 M NaCl
containing 2000 Kunitz units of DNAase (Sigma, Deoxyribonuclease I) for

1 - 2 hours. This suspension was centrifugated to obtain a firm pellet.

Resuspension of the pellet in a 4% sodium deoxycholate (DEOC) solution — -

containing 0.1%Z sodium azide was followed by 2 - &4 hours of stirring at
room temperature. The DEOC suépension was -either pelleted énd washed
several times with distilled water or poﬁred onto a 44 u nylon sieve and
extensively washed by spraying with,distilled water. This was the pro-
cedure for the isolation of basement membranes used for chemical and
morphological analyées°

Tissue Preparation for
Microscopic Examination

Phase contrast photoﬁicrographs of bovine brain and retinal

blood vessels suspended ih,phosphate—free saline were obtained with the .
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Although glomeruli are listed in this sScheme, purified basement membrane -
preparations can be obtained from numerous other suborgan fractionms.
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use of a Zeiss Ultraphot fT microscope eﬁhipped with phase optics.
Tfaﬁsmission and scanningAelectron‘microscopic examination ofbtissﬁe and
basement meﬁbfane éaﬁplesAwere performed by Dr. Edﬁard'c. Carlson of tﬁe
‘Department of Anatoﬁy, Uﬁiversity.of Ariéona Mediéal School. . -

Isolatea suborgan fractions and the basement memhrénéaderived
from these fractions were fixed 1 hour in cold (4°>Q) Kérnovsky’s fiﬁa—
tiﬁé buffered with 0.2 M sodium cac&dylate at pH 7.3 CKarnévsky, 1965). -
«fhis Was‘folldwed b&'poét—fiﬁation‘in 2% 080, buffered with 0.144 M so-
dium éacbdylaté buffer. To sipplify tissue manipulation, a drop of warm
2% Nobel agar was placed over the;pglleted tissue.” These pellets and - |
surfounding coaguléfed agar were dehydrated in an ascending series of
gréded‘ethanois (50% to 100%) and bropylene oiide‘before embedding in
Epon4Afaidite ‘(Anderson and'Eilis,»lQGS). 'Epoxy blocks were cured over=
night at 37° C and 48 hours lénge; at 60° C. Ultramicrotomy was carried
out on a Sorvall MT-2 ultramiCrétome equipped with glass 6r diamond
: knives.f‘One micrdn thick sections were.$tained with .toluidine blue (1%
toluidine blué.iﬁ 1% sodium borate) and observed at the level of light
microscopy for determination of pellet orientétions. Thin sections were
mounted on‘uncoated 200 mesh c0ppeﬁ grids and stained With lead citrate-
'(Veﬁablé and Coggéshall, 1965) and‘urahyl acetate (5% in absolute etha-
nol). Tissue examination was-carriedvout»on a Philips EM 300 electron
microscope at;Originai magnifications of 5600 - 16000. This procedure
has previously been repofted (Meezan et.al., 1975) .

- Tissue ﬁrepafaﬁion for scanﬁing electron microscopy followed a

" different procedure. The suborgan fractions were fixed in 2.5%
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glutaraldehyde iﬁ 0.1 M phosphaté buffer (pH 7.4) at724 —'37; C for at
least one hour. Followingla thétough rinée.with phtsphate buffer (pH
7.4), the'tissue was post—tiied ip lZ:OsO4

in 0.1 M phosphate buffer for
one hour. Tissue dehydration was accompiished_ty‘sﬁSpending the tiSsue.
in an éscending'serieé>of acetone solutioﬁs (20%;'40%, 60%, 80%Z, 100%,.
-100% and 100%). Aftét critital>point‘drytng, the tiééue was. placed on
.a specimen stub with double 31ded tape« Finally, the tissue was coated .
With.evaporated carbon and.gold/palladium,

Chemical Analysis of Isolated
Basemeﬁthembrénes ‘

CarboHydrate Anélyses

The‘iSoiated basement membrane fractions Wete hy&rolyzed 4 hours
in 2 N'ttifluoracetic‘acid at 115° C in 1.5 ml Teflon capped:conical
" tubes. The‘hydrdlySate was evéporated to dryness and’dissolvéd in 1 ml
of 0.5 N NHAOH 15 mg of NaBH4 was added,. and the reduction was allowed |
to proceed for l hour. Excess NaBH4 was then destroyed by dropw1se ad-
dition of glaciai acetic acid and the reaction mixtﬁre evapotated to
‘dtyness. Thg-residuetwas~taken-up‘in 0.3 ml of glacial acetic acid and
2 ml of acetic anhydride and heated at 120° C for 90 minutes. After
evapor#tion to dryness, the residue was partitioned betWeen 0.5 ml of
saturated Na2003 and .2 ml of CH2C12 The separated organic phase was
remqved by{evaporatlon,and the residue dissolved in 100 ul of acetone
and injectéd:onto a 3% OV 225 gas chromatography célumn. Peaks of the-

neutral and amino-sugar alcohol acetates were well separated and eluted
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 within 30 minutes and were quantitated by‘cntting~and weighing the peaks
using 2-deoxyglucose as an internal standard. The above procedure was

a modification of that of Grimes (1974).

Amino Acid AnalySes

. The 1solated basement membrane fractlons were hydrolyzed in
glass dlstllled 6 N HC1 under nltrogen for 22 hours at- 105° C in vacuum
hydrolysls tubes (Pierce Chemlcal Co.; Rockford, IL). Inrtlal'analyses
Were performed by'the standardrprOCedure of Mbore and Stein (1954) using
a Beckman model 118 amino acid analyzer° This résulted in the separa—
tlon and quantltatlon of all the sample amino aclds‘except histidine
whlch cons1stently gave: values that were greater than. those prevlonsly
reported. This was probablyAdue tO'the<similar chromatographic charac=
ter1st1cs of the crossllnked amino acids known to be present in extra—'
cellular matrlces (GalloP and Paz, 1975). To avoid thlS problem and to-
increase the sen31t1v1ty'of the analysis, the gas chromatographic amino
acid analysis method of Gehrke, Roach, Zumwalt, Stalllng and Wall (1968)
was employed. This involved evaporatlon of the hydrolyzate in a warm
miniaktor tube (Applied Science, State College, PA) with a gentle»stream
of nitrogen. Dry butanol:3 N HC1 (Regis‘Chemical Co., Morton-Grone, IL)
Was added to’the dry residue. A layer of Teflon tape was placed between
the screw cap and the glass miniahtor'tube. The_residueiwas suspended_h
in butanol:HC1l mixture by placing the capped tube in a sonicator for 1
minute.” lhe‘tube~was then heated in an oil bath for-SO'minutes at 100°

C;‘ After butylation the tube was cooled and evaporated to dryness with -
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' nitrogen. Tfifludroacetic anhydride (Aldrich Chemical Co., Milwaukee,
WS) which had been distilled over phosphorus pentoxide was mixed with
dry methylene chloride (1:2) and added to the dry butylated residue.

Thé miniaktor tube was sealed as déscribed above and heated in an oil
bath at 145° ' C for,S minutes. After the tubes had cooled to room tem—
3.peratﬁre‘the'N—TFA-n—butyl:éster derivatives of the sample amino acids
Weie reédy for injection. Avmodel_1200 Varian Aerograph with a four-
column oven, flame ionization‘detectors, dual differential electrometers
equippediwithAa Varian CbS—lOi integrator and Varian Mpdél 20 recorder
was used. The glass columns were packed with either ethylene glycol
adipate stabilized (EGA) on chromosorb W (0.652 x/w/) or 2.0 w/w% OV~17 |
+ 1.0 w/w% OV-210 on Gas Chrom Q (Applied Science; StatéACollege, PA).

The resins were prepared by the method of Kaiser et al. (1973).
Metabolism

Gluconeogenesis

Rat gluconeogenic experiments were carried‘out by incubating
tubule and.glomerular fractions isclated from 24 hour starved rats in
Earle's buffer with radiolabeled 14C—substrate in a disposable plastic
vial for 90 minutes at 37° C in a shaking water bath. The method of
Brendel and Meezan (1973) was used to assay for 14C—glucose. The inéuél
bation vial was centrifuged-andﬂﬁhe incubatioﬁ.medium:removed and
placed on a mixed bed ion exchange column. The column consisted of a
mixture of Ag_SO 200 mesh hydrogenlform and Ag 1 200»me§h bicarbonate

form resins. After the column was washed with a 0.17 M glucose solution,
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an aliquot of the effluent was counted on a Beckman LS-250 scintillation
counter. This represented the #otal‘neutral l4C—labeled~materia,l formed.
The remainder of the effluent was incubated with glucose oxidasé (Gluco-
statR). This c0nverte& the 14C--gl.ucése which does~ﬁot bind to the col-
umn to léc—gluconic acid Which does. The 14C;material obtained after
appliéation of the‘GiﬁcoétatR incubaﬁion mediﬁﬁ to é ﬁixed bed column
and eiutionlwith 0.17% glucose solution represented counts per minute
other than 1éC—glucose which were eluted ﬁhrough the first column. Sub-—-
traction §f the post—glucose oxidase:counts from the gross giﬁCOSe |
counts gave the to£ai 14C-—glucose pféduced° Disrupfion of the glomer--
ular tissue by sonication to remove intracellular 14'C_—vglucosekdid nbﬁ
significantly increase thé amount of 14C—glucose measured when only the
incubation ﬁediﬁﬁiwas assayed.

Rabbit'glﬁcoﬁeogenic e#periments were carriea out by incubating
ﬁhe proximal tubule preparations isolate& from 24 ﬁour sﬁarved rabbits
in Eatle's‘Bﬁffer with radiolabeled 14C—suﬁbsfrates in glass shell vials
(Arthur H.rThomas Co., Philadelphia, PA)._ After dispensing equal ali-
quots of each tubule preparation into the dram,sheil vials, 14C-sub—'
sfrates Were.addéd to eachrvial and incubated at 37° C.A At various
times some of the vials were cenﬁrifuged”andffﬁé médium‘removed and as- -
éayedﬁfor lAC—giucose.~,The pellets Werefused for protein'analysis ac;
cording to the method.of Lowry5~Ro$ebrqugh, Farr and Randall (1951) or

Bohlen, Stein, Dairman and-Udenfriend (1973).
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" Oxidative Metabolism
. 14, 14, .

The production of 002 from several C-labeled substrates was
used as an index of oxidative metabolism. The collection and measure-
ment of the 14COZ produced by the isolated suborgan fractions was facil-
itated by the use of a continuous monltorlng apparatus descrlbed by

: Brendel and Meezan (1974) Thls apparatus allowed_the 81multaneous col-

lectlon of 1400 from 10 different samples. The incubation buffer con-

2
sisted of Earle's balanced salts buffered with 28 mM HEPES and fortified
with 0.01% bovine serum albumin and 50 mg/l Penicillin GR. The 14C—subr

strates were added directlyvto the tissue suspended in buffer in 3 ml
plaetic disposable beekers. The beakers wefe then attached to the ap—v
paratus and ineebated_at 37° C in a shaking water bath. At 20 to 30 |
minute intervale, the-l4CO2 cbllecting.vials were replaced and filled

with scintillation cocktail. Summation of the 14C‘cou‘nts per minute

gave the time course of 14CO2 production for each incubation vial.

Transport»and Incorporation

Suborgan fractions were incubated in Earle's buffer at 37° C in
a shaking water bath in plastic round bottom centrifuge tubes. At vari-
ous timeS'after the addition of radiolabeled substrate, multiple ali-
quots were removed and placed on glass fiber filters and washed with a
spray of 0.97 Nac;. Half of the aliquots were Qashed with cold 107 TCA
followed . by cold 70% ethanol. The filters were placed in scintillation
v1als and suspended in 1 ml of 0.1 N NaOH, the filters disrupted by

sonication and diluted to 1.5 ml ﬁith,o.l N NaOH. ‘Scintillation
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cocktailnwaé added and the vials'couﬁfed. The saline washed counts:fe—
present the total uptake of labeled substrate while the TCA-~ethanol
treated sample counts represent only particulate of incorporated sub-
strate. |

Wﬁen p-aminohippuric acid (PAH) traﬁépdrt ﬁas studied, the de-
térﬁinaﬁionAéf the ratio of acid laﬁeied fAﬁ taken ﬁp into the tissue to
that remainiﬁg in the médium‘waS-necessaiyh The buffer'uéed in these

experiments consisted of 115 mM NaCl, 5 mM KClL, 10 mM sodium<a;etate,

1.2 oM NaHzP“o;, 1.2 mM MgSO,, 1.0 mM CaCl,, 25 mM NaHCO, gassed with 95%
02, SZ-COZ. The isolated tubules were incubéted in buffer With‘14C*l—

p-aminohippuric acid. At various times, aliquots were removed and
placed on glass fiber filters and washed with buffer. The filters con-
taining‘the washed tubules were placed in scintillation vials,'suspended

in 1.5 ml of 0.1 N NaOH, disrupted by sonication, and taken up into
scintillation cocktail and counted. This gave the amount offléc-PAH
\ .

taken up by the isolated'fubules.f To determine tissue volume, an ali-
quot of -the incubate was placed in a graduated cylindrical bottomed tube
and centrifuged at 2000 x g for 3 minutes. The pellet height provided

an index of tissue volume. An aliquot 6f the supernatant was then-

14

counted. The amount of ~ C-PAH in a volume of supernatant equivalent to

that of the tissué volume could thus be calculated. . The ratio of the

amdunt.qf 14

14

C-PAH in the washed and filtered tubules to the amount of
C-PAH in a volume of superhatant equivalent to that of the tissue vol-
ume gave the tissue to medium ratio. The tissue to medium ratio pro=

vides an index of active transport processes and thus tissue viability.
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Basement Membrane Metabolism

Ineubation Conditions-

The isoleﬁed suborgaﬁ fracfion was incubated in Earle's balancad
salt solution fortified with Minimum Essential Medium Vit,amine' (Grand
Island Biological Co., Grand'Islaﬁd .NY) (1.0 mg/l D=Ca pantothenate,
1.0 mg/l chollne chloride, l 0 mg/l folic ac1d 2. 0 mg/l 1—1n051tol 1.0
mg/l nicotinamide, 1.0 mg/l pyridoxal HCl, 0. l mg/l r1boflav1n ‘and 1. 0
mg/l thiamine) and 50 mg/l Pemicillin GRs When non-radiolabeled amino
acids were added to the.incubetion buffer,‘Minimum Essentdal Medium
Amino Aecid Sqluﬁidn tGradd ISIand Biological Co., Grand Island, NY)‘was -
used. The resulting incubation amino acid cbhcentretion was 105 mg/l
arginine HCL, 24 mg/l cystinme, 292 mg/l glutamine, 31 mg/l histidine,
52.5 mé/l-isoleucine, 52.4'mg/1.1eucine,;58 mg/l leine,le ﬁg/l methi-
onine, 32vdg/1 phenylalanine, 48 mg/l threonine, 10 mg/l tryptophane,
’36 mg/l tyrosine, and 46 mg/l valine. .When radiolabeied carbohydrates
were used,'glucose wae omitted from the incubation medium;

The suborgan fractions were suspended in 4 ml of incubation buf-
fer before the addition of radiolabeled amino acids or carbohydrates.
The radiolabel was added in dincubation buffer.' When inhibitory com—
pounds‘were used, they-%ere dissolved in incubation buffer before the
addition of the tissue.l Incubation was carried out in ‘10 ml plastic

centrifuge tubes at 37°°C in a shaking water bath.
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Bésemenf Membrane Isolation Prbcedure

After various tiﬁes of iﬁcubation; éliquots of the incubation :
;médium were placed‘in 1.5 ml microfuge tubes and centrifuged on a Eeck-
'~ man MicrofugeR. Glomeruli were microfuged for 30 seconds while non—iron
oxide filled tiésﬁés were microfuged for 1 minute. The sﬁpernatants
w‘efe rémox}ed ‘With a draw;n‘ pipebi:: after which the 'pelle.ﬁs W’éré each,twice;
~ suspended iﬁ‘i nl of saliﬁe and microfuged. One ml of 4% DEOC with
0.01% ssdiumAazide was‘added to,each;saline washed pellet with vigorous
vortexing. After standing o&érnight at rdom temperature, the DEOC tié—
sue suspensions were miérofuged’for:2 minutes and the supernatants re-—
moved.‘ The‘pellets were suspeﬁded in 1 ml of saline, vigdrously
vortexed and microfuged for 2 minutés. Following removal of the super-
ﬁétant, the resulting pellét wésbagain suspended in 1 ﬁi of 4% DEOC,
pelleted, twice suspended in lfml of saline followed by miCrofugation.
The final peilet was suspended in 0.1 ¥ NaOH and heated at 60° C over-
_ night . to golubiliie the baéement membraneAproteiné fof protein analysis.
A 100 ul aliquot was removed from each microfuge tube for protein deter-
mination by the fluorescamine method of Bohlen et al. (1973) using bo-
vine serum albumin as a standard. The rémaining 900 ul was neutralized

with HCl; taken up into scintillation cocktail and counted.

;4C—Hydroxyproline Determination

 To measureée tﬁe formation of 14C—hydroxyproline from‘140~proline,
suborgan fractions were incubated with 14C—proline which had been puri-

fied by ion exchange chromatogfaphy; Purification of the 14C—proline
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~ was necessary due to'the,presénde of labeled material which co-
chrbmatographed'with stan&érd 3H—hy§roxyproline. After incubation, DEOC
seluble.énd bEOCvinsoluble materials‘were separately dialyzéd against
distille&rwaief, The nqn—dialyzable material Wasllyophilizeds taken up
info 6 N HC1 and hydrolyzed at 110° C for 187hours° AfterbhydrolYSis,
fhe hydroiyzates were evaporated'ﬁo d¥yness, taken up into 0.0l N HCL
and placed on Ag SQ 200 mesh hydrogen form ionrexchange_columns. The
columns were washed with distilled water foildwed by eiution of thé
radiglabel by'coﬁcentfaféd ammoniumihydro#ide° After evaporation, these
residues were dissolved iﬁ»O;Z N éodiuh citrate buffer pH 3.19, Sepa—-
ration of hydroxyproline from proline was effected by injecting a 250 ﬁl
aliquot of the citrate bﬁffered sample onto anjAﬁinek~27 anion ekchénge

column (Bio Rad Lébdratories,'Richmond, CA). See Figure 8.

PolYacrylamide Gel Electrophoresis

Gel Prepafation

| Two procédures WerevuSed for preparation of the polyacrylamide
gels. Ihe iﬁitial,systeﬁ employed~7Z gels which were made by mixing 1
part solution A (48 ml 1 N Hci, 36.3 gm Tris, 0.23 ml TEMED vvdiluted to a
total volume of 100 ml with HZO)’ 2 parts solution C (28.0 gm acrylamidg,
0°735 gm Bis diluted to 100 ml with distilled H20>° 1 part HZO and 4
parts 0.61 mMiamgonium persulfate.

A 5% gel system was p,repa.réd by adding 15 ml of buffer con-

sisting of 0.2 M Tris-phosphate, 0.2% SDS (pH 6.8) fortified with.0.4 ml

of TEMED to l4.4'gmiureé; 0.052 gm Bis and 1.56 gm actylamide. After



Figure 8.

H-PROLINE

3H-HYDROXYPROLINE

FRACTION NUMBER

Chromatographic Separation of Hydroxyproline and Proline
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the mixturé was completely dissolved, 0.2 ml of 0.65 M ammonium persul-
fate was added.

After the gels ﬁere poured they were overlaid with distilled
water and allowed to set fér 1 - 2 hours before removal' of the water.

Pyronin Y was employed as the tracking dye.

TissuerSolubilization_

Experiments utilizing the isoiated basement membranes obtainedr
by DEOC treatmeﬁt.employed a solution containing 0.01L M Tris (pH 6.8),
1% SDS, 4 M urea, 107 suCrosé, and 1% mefcaptoethanol to soluﬁilize
basement membrane -proteins for electrophoresis. 'After eleétrophoresis,1
the gels were rempved-frbm the electrophoresis tubes and fiked iﬁ SZ
sulfosalycylic acid in 10% TCA for 4 hours. The fixinglsolﬁtion-was
removed by soaking the gels in 7% acetic acid. The'gels Weré then
stained 6 hours in a 0.1% Coomassie blue, 107 acetic‘acid,'lOZ isopro_

panol solution.  The gels were destained by soaking in 77 acetic acid.

Scintillation Spectroscopy

KimaxR scintillation vials were used for all scintillation spec-
thSCOPYo ‘Tﬁe scintillation cocktail consisted of 2 parts of. a solution
of 22,8 gms of OmnifluorR (New England Nuclear, Boston,_MA) per gallon
of spectral grade toluene (Matheson, Coleman, and Bell, Norwood, OH),
and 1 part Triton X-100 (Rohm-Haas Co., Philadelphia; PA). Ten ml of‘r
cocktail was diluted with 1.5 ml of aqueous sample. The counting condi-
tions employed resulted in a 25.8% counting efficiency for the full 3H

window and 58% cdunting efficiency for the.narrow_l4C window.



CHAPTER 3

RESULTS AND DISCUSSION

Tissue‘Isolation

.Rat Glomeruli

Glomeruli isolated by the iron oxide perfusion_method from male
Sprague-Dawley rats.havé been reported (Meezan et al., 1973; Brendel an&
Meeéan, 1973) ﬁQ maintain their structﬁral intégrity and‘mefabolic activ-
ity.. Transmission electron microscopic examination of ‘these isolaﬁed
glomeruli showed the cellular elements of the gloﬁerular capillaries to
be intact. The basement méhbrane of the capillaries appeared normal.

Subsequent scanning electron microscopic inspection of glomeruli
preparedlb& perfusion of iron oxide particles reveals a close structural
similarity tofglomeruli fixed in situ. The capillafy loops are uniform
with no evident eruptionsbor bulges that might indicate excessive iron
oxide perfusion pressures (Figures 9 and 10). The spatial arféngement
of tﬁe capillary loops to the mesangium region of the tuft ié-maintained
in the isolated glomeruli. At higher'magnifications (Figures 11 and 12),
the epithelial fooﬁ processes are well defined in both iron okide per—
fused and in situ fixed glomeruli. Loss éf foot process detail and epi-
thelial cell blunting is seen in a number of disease states which ad-
. versely affect kidaney function.. Preservation of tge fenestrated endo-

thelium lining the glomerular capillaries after iron oxide perfusion has

64



Figure 9. Rat Glomerulus Fixed In Situ



Figure 10. lron Oxide Perfused Glomerulus



Figure 11. Foot Processes of lron Oxide Perfused Glomerulus



Figure 12. Foot Processes of Glomerulus Fixed In Situ
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previously been repOrted (Meezan et al,;:l973); Thus, the rat glomeruli
isolated by the perfusion bf-irdn oxide particles foilowad by hénd homog—
enization,,sieVingvand-decéntétion-are morphological;y'intact ana de~ |
 void qf diSCernible,structural damage which might affect glomeruiar-

metabolism.

Rabbit Renal Proximal Tubules

| The tubules obtained by é ﬁodified iron oxidefperfusibn shown in
Figure 13 were shown to be almost entirely proximal chVOlutedAtubulesw
Figure 13a shows the tubules cut'in cfosé secﬁion at ﬁhé light.micro—'
scopic level. The tubﬁles maintain their-individual.-identity° -Electron
microscopicﬂe%amination of these isolated tubules reveals an abundance
of microvilli characteristic éf thé Well—develoﬁed brﬁsh border of prox-
imal tubules (Figureil3b); The basement membrane sufrounds ﬁhe tubule
lumen and is smooth and intact as seen by both transmission (Figure 13c)
and scanning'(Figuré 1l4a) electroﬁ micioscopy. The average thickness of
the basément.membrane_Wés,lSOO - ZOOOZK. From these éxaminations of the
ultrastructﬁre~bf the isolated tubules, it wasrconcluded that the isola- =
tion procedure does not result in damage to the gross or fine structure
of the isolated rabbit»tuéules (Brendel and Meezan, 1975).

To cOmpére our isolation prdCeduré to the Widely used tubule .
isoiation pfocedure of Eurg and Orloff (1962), rabbits were brought to -
a surgical plane of anesthesia with paraldehyde foliowed by ether. One
kidﬁey was perfused wiﬁh a solutién of 1 mg/ml of Type II collagenase in

Earl's buffer while the contralateral kidney was perfused with Earle's



Figure 13. Rabbit Renal Proximal Tubules Obtalned by Hand Homogeniza-—
. tion and Slev1ng

a. A light micrograph of" three adjacent proximal tubules stalned with
toluidine blue. X800,' :

b. An electron micrograph of two adjacent isolated tubules. Notice
that a layer of basement membrane is present on the outer surface of
each tubule. The presence of microvilli on the lumenal surface of the
tubules indicates a proximal tubular origin. X8,250.

c. An electron micrograph of interface between two adjacent isolated
tubules.. The basement membranes are closely applied to the basal sur-

face of the tubule cells. . The basement membranes are clear and distinct

averaging 1500 - 2000 A in thickness. X40,000.



Figure 13. Rabbit Renal Proximal Tubules Obtained by Hand Homogeniza-
tion and Sieving



Figure 14. Comparison of Sleved and Collagenase Dlgested Rabblt Proxi-
o mal Tubules

‘a. A scanning electron micrograph of isolated tubules obtained by :
sieving. The basement membrane which forms the outer surface of the
isolated tubules is intact. X500.

b. A scanning electron micrograph of tubules isolated by collagenase

. digestion: The basement membrane is partially or complete digested. -
Tubule cells can be seen blebbing onto the peritubular surface. Tubules
isolated by the sieving technique and subsequently treated with colla-
genase exhibit a similar structure. X400.
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buffer folloWed‘byathé iron oxidé sﬁsoension° The tubﬁles obtained from
the oollagenase treatment showed grossly\aitered morphology (Figure 14b).
| The basemeht_membrane was partially digested an& proximal'tubuleocelis,
‘were observe& to be blébbing froﬁ the lumensl to peritobulaf side of the .
tubule (Figure 14b). The mitochondria appeared swolleh and cellular el=-
-ements were seeﬁ.free in the lumen. ATo compare the effecf_of collagen-
ase perfusion versus’incubétion, tubuleo isolated by the iron okidé
perfusioh'méthod were incubated with a 1 og/ml collageoase éolution for .
30 minutes. These tubules'exhibited-the same morphological alterationg_
as fhe tubules obtaine& from collagenaoe perfused kidhoys. >Thus;:the
treatment‘of raobit tubules with COllagenése rosults iﬁ'gfoés strﬁctural
alteratioos aﬁ& appearS‘to'offer no advantageé oﬁor'the{iron'oxide pef-:

fusion method for the.preparation'of‘intact kidney tubu;es,'

Bovine Retinal Blood Vessels

Retinol blood vesoéls were oboained by‘the method of Meozan,

’ Bfendel, and Carlson (1974) which involves the use of géntlé hand homog;
enizgtiOn‘of‘isolated bovine retinas followed by sieving. Thése.aﬁ+
vthofs reported that retinal vessels isolated by ﬁhis method produced
14C02‘ffom l‘llLC--vG-glucos.e,. 14C-2-3—succ_3'.nio écid, and laC—l-oleic acid.
Subsequent experiments.usingothis_retinal vessel preparation”CWhite,
Meezan, and Brendel, 1975) have shownvincorporation of rodidlabeled,
amino acids and carbohydrates into proteins. As reported by Meezan,
‘Brendel, and Caflson‘(1974),‘light microscopic éxaminatioh‘of the iso-

| lated retinal vessels shows them to be well defined vessels with
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, enclbsed bléodAelementé. The preparation is homogeneous and remarkably.
ffee'of non;vasculér-retinal structurés (Figﬁre lSa).' Since the vesselé
“:are preperfused, blood elements remaim in the vessel iuﬁe#.» Although .
thé width of’fhe iSOIated retinél ﬁessels may be as great as SO'ﬁ, thé;
majority of vesse1é1aré Bétweénvlov- 15 u in -diameter.

. Electron mlcroscopic examinatlon of cross sectiomns through iso-
lated bov1ne retlnal vesgels (Figure 15b) shows the general morphologl-:
cgl integrity of the endothelial cells to be preserved., One or more . -

: layeré’of intramurél pericytes invgst the endothelial lining. Beneath
V_ﬁhevendothelium and surrounding the ihtramﬁrél‘pericytes,is a coﬁtinﬁous
Basément membrane Which averages 800 =~ lOOOfK in thickneSs; From the
evidence available;vthis retinal vessel isolation procedure yields tis§

sue which is~morph010giéallyﬁand metabolically intéct.1 » 

:Bovine-BraiﬁlBlood Vessels

| U81ng the method of Brendel, Meezan, and Carlson (1974) bovine
vbrain blood vessels were lsolated. The formation of 14COzfrom 14C—-'
glucose, 14C;i—oleic acid, 14C—lﬁpyruvate, 14C~-g1u1;amic acid, and oxygen
consumptlon by the 1solated brain vessels were reported by these authors.
nght microseopic 1nspect10n of l u thlck sections of isolated bra1n>
vessels (Figure 16a) shows them to have a upiform diameter of 7 - 15 ﬁ.
Except fOr-nﬁmerOus eﬁtrapped erythrocytés, the brain vessel preparation
was free of.non-vaScular maﬁerial (Figure‘l6b)e Brain vessel cell mor-

phology was preserved.



Figure 15. Isolated Bovine RetinalAMicrovessels and. Basement Membrane

a. A light micrograph of bovine retinal blood vessélsAisoléte& by -
gentle hand homogenization and sieving. Erythrocytes are occasionally
seen within the wvessel lumen. Toluidine blue. Xl,SOO°

b. An électron micrograph of microvessels cut in cross section. Base-
ment membranes are observed to surround the intramural pericytes and
underlie the endothelium.- A continuous endothelium covers the lumenal
‘surface of the basement membrane. Most vessels average 10 = 20 p in
dlameter. X9 250. ' -

Co A low power.electron micrograph of bovine retinal blood vessel base-
ment membrane isolated from retinal microvessel similar to those seen in
(b). The microvessels have been treated with a 4% solution of sodium ‘
deoxycholate to solubilize the celluldar materials. X9,200.
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Isolated Bovine Retinal

Microvessels and Basement Membrane
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Figure 16. Isolated Bovine Brain Microvessels and Basement Membranes

a. A light micrograph of bovine brain vessels obtained by hand homo-
genization and sieving. The majority of the vessels have diameters less
than 15 p. Erythrocytes and endothelial cell nuclei are recognlzable at
this level. Toluidine blue. X7OO

b. A phase contrast micrograph of isolated bovine brain microvessels.
These microvessels are often long and tortuous with numerous arborlza—-
tions. Non-vascular tissues are not present. X672. -

C. An,electron'micrograph of isolated bovine brain microvessel base~
ment membrane. Treatment of isolated brain microvessel with a 47 solu-
tion of sodium deoxycholate results in the solubilization of the
cellular materials. The brain vessel basement membrane is more easily
disrupted than those obtained from other guborgan fractions. An average
basement membrane thickhess of 200 - 500 A is observed. Occasionally,"
the basement membrane isolated from bovine microvessels shows unit col-
lagenous fibrils. Recognizable cellular structures are not observed.
X47,000. :



Figure 16 Isolated Bovine Brain Microvessels and Basement Membranes
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Bovine Lens~Capsuie

Bovine lenas capsﬁles were isolated from lens‘from enucleated
reyeslby bisecting alongvthe circﬁmferencg-of the iens and removing the:
-sloughéd lens éapéule ﬁith forCepé.A'Because ofrthe relative ease with‘V
fWhich this maCroscopié tissue could be obtained, exténsive ultraétruc4 

tural examination was not required.-

Basement . Membrane Isolation

Rat Renal Glomeruli

| Initial attempts to isolate rat ren;l glomefﬁlar baSemeﬁt'mém—
branes'by_sbnication-of glomeruli iéolated by the irom oxide perfusion
method gave eéﬁivocal rééﬁltso_ Althéugh the glomeruli obtained by this:
prbcedure Were'QQZ'ffeelbf tubular coﬁtéminatioh, the'l0,000‘# g pelleﬁ
ffom-this sonicated glomérulafrsuspension consisted‘of tiséue fragmehts
which-appearedvto‘be of vafying size and shape suggesting a non-uniform -
disrupfién. Incubétionfof the 10,000 x g pellet'witﬁ'a miﬁture of so-
dium dodecyl sulfate (SDS) and-i%“mexcaptoethanol solubilized a portion
of this material. SDS-polyacrylamide gel electrophoreais'qf the solu-
bilized material gave five.major and many minor bands. The'minorﬂbands
were not consistently réproducible between'preparations-var?ing in in-
tensify and-migration,v The ﬁon—unifbrm disruption and the variable bBand
pattern suggested that the isolation procedure ﬁﬁs subject to wvariable .
contamination of the baSement membrane'préparations with fdreign pro-—

teins.
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The isolation of glomerular basement membfaneé'by sonication
and centrifugation may be subject to a number ofitechnical difficulties;
Weétbefg'aﬁd'Michael (1970) have shown thaf glomerulér baseﬁent meﬁ— |
branes preparéd bY'sonicétion‘and éentrifugation-werevsubject to con~
tamingtipn by serum proteins and cell debris. Variétions in the
ééﬁtrifugaﬁioﬁ-fdrce apﬁlied to_glomerula£ s6nicates have-béén reportéd
to';lter the amount'Of sialic acid obtained in basement_membrane'pelleté'
,(Mbﬁos and Skoza,'l970).b'8iﬁce the availablé histbcheﬁical evidence
coﬁfirms'the breséﬁ@e'of feiatively,ia;gerémouhts'of sialic acid in fhé
céli;méﬁbranés liﬁiﬁg the basement membraﬁe but only tracetaﬁounts in
ﬁﬁe basemént.membrane‘itself, the conclusion Was_that:variations iﬁ
cent;ifugation»force changed the amount 6f ce}l membrane,contamination:;
in the basementfmembrané péllet. The presenca»qf:Serum prbteinS'in iéo_
lated béSement_membrane prépara£ions_Was'found'to be resisﬁant tovre—
‘ﬁ0val_by extensivé‘sonicatiqn‘énd‘washing fWestberg and Michael, 1970).
The intensity and duraﬁién of'soniCationréf isolated gloméruli has been
shown‘to be a critical step in basement membranefisolations;- When-nor%v
‘mai hﬁmaﬁ glomerular basement,membrénes were obtained by sQnication and
céntrifﬁgation,'the ultragtrucﬁure of these isoiatéd Basemeht mémbranes
-appeared '"'frayed" CWestbéfg'aqd'Miéhael,‘1970).‘ Kefalides (1973) has
reported that multigle sonication of human glomeruli,fesults ih a change
'inlaiino.acid éompoéition of the isolated baseﬁent membrane. Interest-—
ingiy,'this-compoéitional change resulted in the relative increase of
certain amino'acids typically found in collagenous proteins i.e.,. hydrox-

yproline,'glycine; and hydroxylysine. Obviously, the use of the
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sonication  and ceﬁfrifﬁgation proéedure réquires stringent'contfol and
. monitoring.;

A theoretical question as to the applicability of‘these~procer 
dures to compoéitional studies of basemeﬁt membranes_in normal and dis-
eéée_states is_raiéed by the disrupted appearance of basement membraneé
"isola#éd bj sonicationa If:avdiséase resulted in the-labile deposition
of a éompoﬁént intd the baseﬁent membrané which Qas chemically &issimi—
lairto the normal compohents;'soniCétion mightholaisrupt this altered
basément membrane thaﬁ the labile component was préferentially solubi—A
lized éna thué'ﬁot detected. . Only.if a disease resulted in the deposi-
tién.of.a Chéﬁiéallf'différent component Which;was aé tightly |
incorpofaﬁed into the basement membrane as the other'structural.comr
§0nents-ﬁould a-ébmpositional difference be uncoveréd in. the diséased
V‘ étructufe;' Alternatively, if the &eposition processffor the inCorpbra¥
 ‘tiOn of the]normél.components'of the basément membrane is altered so
that‘gertain of these components are'only loosely bound, sonication
might;solubilize;tﬁese loosely deposited normal components resulting
in a comp§sitional chanée in the pglleted basément membrane. Thus, the
intensity and durétion of sonication might significaﬁtly affect the com=
position of the BaSement membrang.

Of course, any tfeatment or procedure that is -employed to re-
move>§ellular elements from the basement membrane matri% may be accused
of either partially solubilizing a portibn of the basement membrane or
not completely removing contaminating material. This is in part due to

an incomplete chemical definition of the basement membrane. At the



79

‘:presentftimes the'only conclusive evidence of basemeat membrane‘solubi+v
. liaation or,contaminationﬂis morphological in naturert If the structure
‘df the isolated basemeat membrane is identical to thatlof ig’zgyé_base-
ment‘membraue; then the basement membraue is thought to be structurally
intactland negligible.solubilization of the~matrir'is presumed\to have
occurred The presence of recognlzable cellular elements dn 1solated
,basement membrane preparatlons would 1nd1cate the 1ncomplete removal of
contamlnatlng.materlals. |

5Subsequently,-a variety of nonédisruptire detergentdtreatments

Were applied to lsolated glomerular preparations inAan'effOrt to obtain
' uniform»basement membrane:material; Wﬁen a‘4% scdium:deorycholate
(DEOC) solution‘similar to that used 5y von Bruchhauseu and Merkerr
(1967) to remove cellular materlal from kidney minces was- applled to a
Tsmall numbexy of glomerull on a microscope slide, the glomerull appeared
- to lose their“compact structure aad seemed~tcVunfold_slightly. The cap~
» dllary ldops appeared less opaque and the cellular structures were lost.
Treatment of larger preparatlons of glomerull Wlth 47% DEOC resulted in
the formation of a gel-like material Whlch impeded further tissue manip—
ulatlons, Itgwas;found that-autolysrs*of the glomerull in distilled
water folloWed by incubation in 1 M sodium,chldride which contained
- deoxyribonuclease (DNAase) elimingted gel formation.. The isolation
scheme.shqwn‘in Figure 7 gave pelletable<material Which.was,morphologi;
callylsimilar tc igﬁziﬁg gldmerular basement‘membrane Gﬁeeaan et al.,
1975). Light‘ﬁicroscopic iuspectdon of a non-DEOC treated glomerulus

shows promiuent endothelial and epithelial cell nuclei (Figure 17a)



Figure 17. ‘Rat Renal Glomeruli before and after Deoxycholate

a. A photomicrograph of an encapsulated renal glomerulus demonstrating
prominent epithelial and endothelial cell nuclei. Parietal epithelium

surrounds the capillary tuft with the visceral epithelium intervening.

Toluidine.blue° X640.

b. An electron micrograph of a perlpheral portlon of an isolated encap- ,
sulated renal glomerulus. Interdlgltatlng parietal epithelial cells and -
foot processes of podocytes line Bowman's space. The continuous base-
. ment membrane intervenes between endothellum and. podocytes. The average -
basement membrane thickness is 1200 - 2500 2. X20,000.

c. A photomicrograph of isolated encapsulated glomerull which have been
treated with sodium deoxycholate. Both ‘the parietal epithelial base-
ment membrane and the intraglomerular basement membrane is free of cel-
lular elements: The heavy photodensities indicate deposits of colloidal
iron. Toluidine blue. X640.

d. An electron micrograph of isolated glomerular basement membrane ob-
tained by the use of deoxycholate. The histoarchitecture of glomerular -
extracellular materials is maintained after such treatment. Patches of
unstructured basement membrane material is observed in the mesangial
area. Cellular debris is mnot present in these preparations. As in the
intact glomeruli, the deoxycholate treated basement membranes had an
average thickness of 1500 - 2500 A.



Figure 17. Rat Renal Glomeruli Before and After Deoxycholate
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while a'bEQC treated élomerulus'exhibits.only basement membrane'and‘
éntrapped iron oxide parficles (Figure 17¢). At theleieétron micrescop—
ic level, nb reéoénizéble celluiar structﬁres.remain after DEOC treat-
menf Cﬁigure 17dr)° The spétialrarraﬁgement éf the.bésemeﬁt membrane
within the‘giomerulat histhrcﬁitectﬁre is preéerved.' In the mesangial

 region; the capiliary basement membréne is'oBsérvédtto be incomplete .
with patéhes‘bf irfegular basement membrane (Figure 17d). Table 5 lists
the-Widths-Qf the basement membranes isolatéd from the tissues used in
this studyoliAtlhigh'magnification, the Easement membrané obtained by
DEOC treatﬁeﬁt~oflrét’gloﬁéruli is mofpholoéically‘indistinguishable-

frOm_igjvivo'basement‘membrane'(Figure 18). All of the basement mem-

branes isolaféd by~DEOC'treatment seem to be composed of fibrillar»anda;; ;:.'

 amorphous materiais; the fibriliér component being'ééAéggregate,of 40 -
Sbrzvfiﬁrils andrthe'interfibrillar'ﬁatri#-materiél Eeing a'flocculént'
material of medium electron density. The characteriétic baﬁding péttern
of'striated collagen or elastin are seldom observed in the DEOC'isolated‘

glomerular basement membrane preparations.

Table 5. Basement Membrane Dimensions after Deoxycholate Treatment

width &) Source

1500 - 2500 | Rat Renal Glomeruli

1200 = 2000 : - Rabbit Renal Proximal Tubules -
300 - 500 . ' ] Bovine Retinal Vessels

200 -

500 . Bovine Brain Vessels

x




Figure 18. Glomerular Basement Membrane before and after Deoxycholate
' ' Treatment

a. An electron micrograph of glomerular basement membrane in an intact
rat glomerulus. Interdlgltatlng foot processes-of podocytes form the
boundary of Bowman's space. The capillary lumen surface of the base-
ment membrane is covered by fenestrated capillary endothelium. X41,000.

b. An electron micrograph of rat glomerular basement membrane isolated
by the use of sodium deoxycholate.  The basement membrane in the mesan- .
gial region is shown. The inner surface of the basement membrane shows

unstructured matrix material. The epithelial surface of the basement -

membrane is smooth ‘and well defined. X41,000.

‘¢ A high power electron micrograph of basement membrane in an intact
glomerulus. The glomerular basement membrane is interposed between the
flattened caplllary endothelium and foot ,brocesses of podocytes. The
basement membrane is approximately 2000 A thick and shows a finely gran-—
ular texture. X135,000.

d. A high power electron micrograph of glomerular basement membrane
isolated by deoxycholate. This micrograph is idertical to that shown in
(c) with respect to the plane of section; magnification, and histologi-
cal location. The thlckness of the basement membrane was approximately
2200 4. The basement membrane isolated with the use of deoxycholate is
morphologically identical to the in vivo control basement membrane shown
4in. (e). X135,000. '



Figure 18. Glomerular Basement Membrane before and after
Deoxycholate Treatment
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RabBit Renal Proximél Tubulés

Raﬁbitrreﬁal proximal tubular basement ﬁembrane isolatea.by DEOC
.treatment.is inta;t and devoid of éellular structures (Figure 19a). Un-
like the.giqﬁerular basement membrane, the tubule basement membrane is
 'uniform in width'throughouf its circumferencé,: It is also of a'uniforml
elegt;on dénSity throughouﬁ its width (Figﬁre 19b). .OccasiOnaily, 200 A
unbaﬁded microfibrils'are_seen, but striated collagen fibfils are not
observed. Compérison of the isolated baéement,memb#ane shown in Figure-
19a to that of the im vitro tubular basement membrane shown in Figure 13

shows them to be identical.

Bovine.Retinal Blood Vessel

Figure 26‘éhowsvthe loss of recognizable cellular structures
when isolated'retiﬁai‘vessels are treated with:a 47 bEOC soiﬁtion. Tﬁe=
isolated vesSel.basémeht membrane is intact and has a multilayefed ap-
pearanCe. The 300 - 500 A basement membrane Width;wés independent of
. vessel diameter5 The outer surface qf the basement membrane is less
distinct than the inner.éﬁrface. Like the mesangial region of the gloﬁ—
eruiar'Baéementbmembrane; the outer surface of the retinalrﬁasement mem—
branerhas p;tches of:amorphous basemenf membrane~like material-
'associa;ed.with'it (Figure 20a). Unlike’the tubular'basement membrane,
.fhe retinal basemént membrane appears indistinct at high mégnificétion

(Figure 20b).



Figure 19. Isolated Rabbit Remal Prdximal'Tubule Basement Membrane

a. An electron mlcrograph of rdbbit proximal tubules 1solated by the
cuse of deoxycholate. The basement membrane is sometimes associated
with small unbanded fibrillar material but native unit collagenous fi- :
* brils are almost never observed. Basement membranes isolated by this

procedure are indistinguishable from their in vivo counterparts.
X19,000.

b. A high resolution electron micrograph of isolated rabbit tubule
basement membrane. The basement membrane obtained by the treatment of
purified tubules with sodium deoxycholate is homogeneous and sharply
defined at its surfaces. In contrast to vascular basement membranes,
tubular basement membranes show uniform electron dens1ty throughout -
‘their thickness.. Unbanded 200 A microfibrils are closel ‘assoc1ated
with the basement membrane. Very fine fibrils (30 = 40 A) are embedded
in the granular matrix of the basement membrane. X50,000.






Figure 20. Isolated Bovine Retinal Capillary Basement Membrane

a. An electron micrograph of bovine retinal microvessels isolated with
the use of deoxycholate. The single continuous basement membrane shows
a sharply demarcated inner surface and an indistinct outer surface which
blends with electron dense material in the spaces between the vessels.

A single basement membrane suggests that it is derived from a capillary
"~ rather than larger-vessels, since the latter would require multiple
basement membranes associated with pericytes. The thickness of the
basement membrane shown is 800 2. X25,000.

b. A high power electron micrograph of isolated bovine retinal vessels.
The basement membrane shows an electron dense granularity with the
highest electron density in the central portion of the basement.membrane.
The surfaces of the basement membrane appear fuzzy and indistinct.
X91,000.



Figure 20. Isolated Bovine Retinal Capillary Basement Membrane



86

Boviﬁe Brain Blood Vessel

| Tﬁe brain biood vessél baSement.meﬁbrané~pbtained_by the DﬁOC
treatment_of isolated bo&ine brain vessels ié mor?hologicaliy.similar to
isolatedAretinai vessel basement.membrane. >Thelbrainrvessel basement |
. membrane -is somewhat more difficult to isolate in ultrastructurally pure -
7 and intact fonm thaﬁ is that,of retinai veSSelsur.whéﬁ iselated brain
veséels.of greaterrthén 20 n afe ﬁsed as a source of basement membranes,
cellAdebfis and’collagén fibrils are observed. Use of thersmaller 10 -~
ZQOSu brain wvessels avoids this cpnfamination problem and résults in mof—

phologically pure basement membrane (Figure 16¢).

Bovine Lens Céésulé

wa procedures were used to isolate lens capsule basement mem-
brane. . The first method involved sonitation,in‘saline>or diétilled
water. The sécond ianived the use of DEOC treatment. The macrbscoﬁic
matefial_pfepare& by sonicétion of DEOC was similar in aﬁpearance at'the

light microscopic level.

Basement Membrane Characterization

Carbohydrate Analysis

Using a variation of the method of Grimes (1974), the carbohy~
drate content of the variqus isolated basement membranes was determiﬁedk
The results are shown in Table 6. Comparison of the carbohydrate compo-
sition of the easily isoiatable, well characferized’bovine lens capsule

obtained by sonication to that obtained by treatment with 4% DEOC shows



Table 6. Carbohydrate Analyses of Isolated Basement Membranes in
ug Sugar/mg Dry Welght Basement Membrane

Deoxy- L - - ‘_'Deoxy— ‘ Deoxy-

Sonicated cholate Deoxy~ Deoxy- cholate ~cholate
- ‘Bovine Bovine Sonicated cholate cholate' Bovine Bovine
: Lens Lens ' Rat ~ Rat - - Rabbit - ' Retinal Brain
Sugars Capsules Capsules Glomeruli2 Glomeruli  Tubules Vessels Vessels
‘Fucose 2.2 1.49 3 0.66  0.87 o252 1.97
Mannose 4.6 447 8 5.02 4.09 42 2.09
Galactose 49.1 46.41 19 23.51 32.07 26.11 o .9.37
Glucose 47.1 47.60 23 23.24  29.90 26.79. 11.20
Hexosamines 6.6 5.85 6.5 8.04 6.89 . 6.97 - 6.64

1. Taken from Fukushi and Spiro (1969).

2. Taken from Kefalides and Forsell-Knott (1970).

L8
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theﬁ'to bé.ﬁirtually identical; This indicaﬁes ghaé-the 4% DEOC treat-
ment: does not inteffere With carboﬁydrate analysis. Rat gIome;ular
basement membrane isolated by our DEOC procedure was also found to have
a carbohydréte content similar to that of basement membrane obtained by
Sonicatiop. Thg iéolation‘and charécterization of the basement mem~
branes obtéiﬁéd ffém»bovinelfétinalland_brain ﬁeSseié:and fabbitipfoximal
tubuleé has not been previously describedo |
Aﬁaljsis of the basement membranes isolated from-éuborganrfrac—
fions with the use of DEOC revealed the preéencg of equimolar amounts of
giuCOse and,g#léctose. VThiS is‘indicative of the glucdéylrgalactose di—
saccharidé'unit which has been observed in all characterized basement
membranesA(Kefalides, 1973; Spiro, 1967a). Lower disaccharide content .
was obser&ed in ﬁﬁevbasement membranes isolatéd frﬁm brain énd retinalf_
vessels, renai tubules and glomeruli. ‘Therdeo%Ychoiate'tfeated basemeﬁt
membfanes-have leés fucose than'their sonicated counterparts. The
amount of mannose and hexosamiﬁes Wefe found to be similar in the base;,
‘ment membranes analyzed. | |
The~functionalAsigﬁificance of the‘varied'levél’oﬁ glycosylation
ié not élear. Lens capsules which provide primarily.é structural sup~
port for the lens have a re1atively high degree ofilecosylationu ' The
glomerular, tubular, and retinal vessel basement membranés'which are
known to be éxehange sites for solvent and solute ha%e intermediate
levels of glycosylation. Brain vessel basement membrane has the lowest
amount of glucoée and galactésg° The blOéd vessels of the brain form

what has been functionally called the blood brain barrier. Although it
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is unlikely that the basement membrane is the permeability barrier, it
may serve to align the brain vessel cells into a tight compact arrange-
ment which limits access to the brain. The level of glycosylation may

affect cell arrangement alohg the basement membrane. .

Amino Acid Ahaleis

Tables‘7‘and'8‘list the‘amino acid COﬁtent in résidues/lOOO resi-
dués forithe isolated basement ﬁembranes included inAthis study;' Com~
parison of the composition of the basement membranes obtained by our 4%
DEOC treatﬁent to that isolated bf sonication-énd>céntrifugation shows
theAlens*Eépsﬁle‘to have the cloéest’éimilariﬁyj' This is nﬁt surprisiﬁg
dué to the relative ease with which lens capsule baéement membrane can .
be isolafed; However, when rat glomerular basement membrane composi-
tions are compared, a greaterlvariability is observéd« There are sev—
eral‘explanatioﬁslwhich might’accpunt for the éompositional differences.
First, glomeruli are not easily isolated in pure and intact form free of
tubular contamination. This isolation difficulty is amplified when .
small animals are used. Secondly, the preparation of glomerular base- -
ment. membrane bj sonication is subjectito contamination with glomerular
- cell debris and serum‘proteins (Westberg and Michael, 1970). By using
the DEOC procedﬁre to isolate basement membrane from highly purified
gicmerular preparatiohs obtained by the iron oxide perfusion method, we
feel thatythese difficulties have been minimized. The contentAof amino
acids characteristically found in collagen were found to be slightly

higher in the DEOC treated versus sonicated glomerular basement
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Table'7.‘ Amino Acid Cbmposition of Isolated Basement Membraﬁes in
Residues/1000 Residues .

" DEOC SON -sonl.  sow? 'Retinal Brain = Tubules

LC Lc. | Lc LC Vessels Vessels :

HOPRO 106.1  107.3  110.7  100.0  98.5  88.4  92.0°
ASP . 58.2  56.8  53.8  55.0  58.9  55.4  64.2
THR  30.5 296  28.4  29.0 . 31.6  25.3 ©  32.5
SER 50.5 48.7  44.9  42.0  48.0  43.2  52.4
GLUT - 8.4  91.4 ° 87.8  92.5  87.0  80.0  92.7
PRO 71,0 70.6  71.2  68.0  84.3 9.1  70.0
GLY  253.7. 260.7  267.1  275.0  267.6 273.6  246.6
ATA  41.2  41.4  39.6  42.8  69.9  84.0  54.2
VAL - 25.7  28.2  29.7 . 30.0°  24.7  25.6-  31.3
cys/2 21,8 11.5 = 17.0.  28.0  14.6. 19.2  15.9
. ETH 4.6 16.6  12.5 8.0 8.6° 3.5 9.4
ILE - - 26.5  28.5  30.8.  28.8  21.5  19.6 - 29.0

LEU . 56.6  56.8 ~ 57.2  58.0  43.8 37.5  56.0

TYR 4.1 3.0  11.1  10.0 5.1 2.1 - 6.6
| PHE 30.1 3.1 30.9 32.0 25.7 21.5  46.5
HOLYS ~ 52.0  51.6  44.8  35.0  27.4  23.4  31.3
HIST 16.7  15.1  11.5  10.2 9.0 11.4 7.9
LYS . 12,2 12.7 12.1 - 13.2  18.3  22.9 18.5
ARG 40.4 36.9  35.8 43.0 55.6 - 69.3  42.9
HOPRO/PRO  1.49  1.51  1.56  1.25  1.16  .939  1.31
HOLYS/LYS  4.26 - 4.25  3.70  2.65  1.49  1.021  1.69

HOLYS/CLY .204 .206  1.67 127 102 1.021  .126

HOPRO/GLY 418 - 411 414 .363  .368  .323 .373

1. Fukushi‘and Spiro (1969).
2. Refalides.(1973).



91

Amino Acid Composition of Isolated Glomerular Basement

Table 8.
: Membranes in Re81dues/1000 Re31dues
pEoc  sonl  son2 SON3 SoN4 SoN5  soN6 - soN7
Glom - Glom ‘Glom Glom Glom Glom - Glom - Glom

HOPRO 20.2  44.2 40 58.3  53.0 51l.4 . 61.5 . 57
ASP 79.8  72.7 73 88.8 73.0 - 82.4 135.5 70 .
THREO 38.4  42.5 45  44.7 40 41.5 ===  45.5
SER 58.9 48.6 57 55.5 59 42.9 74.4 62.8
GLUT 98.3 98.5 103 112.0 110 108.3 111.5 100
PRO 66.3 .55.8 67 60.2 70 73.2  69.5 62
GLY 202.3 - 177.3 187 191.0 210 176.6 199.4 200
ALA 56.0  68.2 62 64.7 67 62.6 77.7 67
- VAL, 36.0 42.2 .50 43.7 47 49.4  53.6 43
CYS/2 24.5. 22.2 20 N.R. 16 + + - 20.4
METH 11.7  17.9 -2 N.R. 9 18.1  + 11.0
ILEU 26.8 35.9 36 36.9 28 37.8 38.8 .30.0
LEU 64.8 72.6 86 73.3 67 77.7 80.1 60.0
TYR 17.0 21.9 19 16.3 18 22.4 17.3 17
PHE 34.1 32.5 29 33.2 33 36.0 33.1 19
HOLYS 23.4  17.4 15 18.2 32 21.0 --- 21.8
HIST 18.9  19.8 = 24 19.6 28 19.2 © 21.8 21
LYS 31.6 41.7 33 34.9 14 32.6 65.0 40
ARG - 41.0  54.6 54 49.6 49 46.7 60.0 42.6
HOPRO/PRO 1.05 0.79 0.6 0.96 0.75 0.69 0.89 0.92
HOLYS/LYS' 0.74 0.43 0.47 0.52 1.16 0.63 0 0.55
HOPRO/GLY 0.34  0.25. 0.21- 0.30 0.25 0.29 0.31 0.29
HOLYS/GLY 0.11 0.10 = 0.08 0.09 0.15 0.12 0 0.11
1. Lehotay (1975)

2. Sachliot et al. (1975)

3. Blau .and Michael (1971)

4, McIntosh et al. (1971).

5. Wahl, Krezdorn, and Deppermann (1970) -

6. Chow and Drummond (1969)

7. Kefalides (1973).
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memﬁraneélas indicated by the highef ratios éf hydfoxyproline to proline,fl
" hydroxylysine to lysine, hydroxyproline to'élycine and‘hydrOXylysine to .
glycine. KéfalideS‘(l973) has suggested that increases in the ﬁydroxy—
proline, hyd#oxylysine and hexose content of isolated basemént membranés
iéAan inaex of membrane purity.’ — |

>fhe primafy criterion~fbr bééemeht mémbrﬁnevpurity, howeve;s‘is
basedion morphcidgicai grouﬁds. Electron miérbscopic examination of the
basement membrane ;btéined by the DEOC treatment:of'highly purified sub—'
organ fractions exhibits a structure iﬁdistinguishableﬁfrom its in vivo
counterpart which is, in additign,'free,of any recogniéable cellular
_elements; Taken'together,:thé‘sﬁructural ana'éhemical compdsiticn of
the'material,obtainea bylthe DEOC prOcédure meet tﬁé criteria for a
highly pﬁrified'baSemént meﬁbraﬁe preparation.

Basement Membrane Protein
- Fractiomation '

Isolated glomerular, tubular, brain vessel, retinal vessel aﬁd
lens capéule.basement membranes and lathyritic guinea pig skin cbllagen'
proteins were,soiubiliZed,and fractionated by SDS-polyacrylamide gel
electrophoresis. Solubilization Waéveffected by treatment with SDS,
mercaptoethanol and urea in Trié-phésphate buffer overnight at 37° c.
The electropﬁoretic band pattern of these solubilized baéemept membfane
proteins is shown in Figure 21. The majority of basement membrane pro-
teins migrate similarly to the a and B bands of lathyritic guinea pig
skin éollagen; In all basement membrane samples studied, a band at the

top of the gel was observed indicating the presence of a large protein



Figure.Zl, A Photograph of the Separation of Basement Membrane Proteins
o Obtained- by SDS-Urea—Polyacrylamide Gel Electrophoresis

Electrophoretic migration was from left to right as shown. in the photo-
graph. . Rat renal glomerular basement membrane (GBM), rabbit renal tubule
basement membrane (TBM), lathyritic guinea pig skin collagen (COLLAGEN),
bovine brain vessel basement membrane (BVBM), bovine lens capsule base-
ment membrane (LCBM), and bovine retinal vessel basement membrane (RVBM).



Figure 21.
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A Photograph of the Separation of Basement Membrane Proteins Obtained by SDS-Urea-Poly-
acrylamide Gel Electrophoresis
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which could not penetrate the gel. This is in agreement with the solu;
bility studies of Kefalides aﬁd Winzler (1966), Hudson andVSpiro (1972a),
and Myers and Bartlett (1972) which‘indicated that only SO = 907 of the
baéement mEmbréhe could be solubilized byrnon—degradatiﬁe treatments.
Ihis also suggests that thelbasement membrane is held tqgether in part .
- by non—disﬁlfide Bonds singe reduction»did‘nofrcoméietely solubilize
, and allow the,fractionétion of all basement membrane proﬁeins.

The observation of numerous protein bands. supports the findings
Qf Myers and Barﬁlett_(1972) and Hudson and Spiro (1972a) that the'glomF
erﬁlér basément membrane contains many separable pfoﬁeins. ‘Spiro-(l976)
’ has proposed that-thé polydisperse nature of the glomerular basement
membrane proteins ié'éaused-by thé degradative processes associate& with
rbasement membrane turnoverg. The minor bands were thought to be par-~
tially degraded matrix proteins. The.obsérvation of Kefalides and Win-
zler (1966)7that tﬁe glomerulaf basement membrane contained only four
: Separéble-protein ban&s upon soluBilization and electroph;resis is not
supported by this study. The four bands observed may be related to the-
major bands observed in the region of the lathyritic collagen bands.’
The minor bands may'noﬁ have been observed due to protein undefloading
of the,electrophoretig gels.

To gain a better view of the major bands shown ip the gels in
Figuré 21,.an éxpaﬁded line’drawing of ﬁhe relative migrations-of the
major protéin bands observed in each basement membrane sample is illus~
‘trated in Figure 22. Although it is possible to assign each band a

relative migration value, the determination of molecular weights of each



- Figure 22, Diagramgof the Relative Migration of the Basement Mémbrane
Proteins Isolated by the Deoxycholate Procedure

The relative-migrétion axis is on the left hand margin of the diagram.

. Rat glomerular (GBM), rabbit tubule (TBM), bovine brain vessel (BVBM),
bovine lens capsule (LCBM), and bovine retinal vessel (RVBM) basement
membrane SDS—urea-polyacrylamide gel electrophoretic relative migra-
tions are shown from left to right, Lathyritic guinea pig skin collagen
and a portion of a gel containing molecular weight standard proteins are
similarly depicted. -The standard proteins shown are thyroglobulim and
B~galactosidase. Only the major bands in each basement membrane gel
were plotted. - R S



O GBM TBM BVBM LCBM RVBM COLLAGEN STD PROTEINS

200,000

100,000

Figure 22. Diagram of the Relative Migration of the Basement Membrane Proteins Isolated by the
Deoxycholate Procedure
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bana is difficult if not impossible with the information at hand;. This
is because the relative migrations of the standard proteiﬁs against
which the sample proteins areVCOmpared to obtain molecular weights is
dependent upoﬁ the type of prbteinsvused_as molécﬁlar Weight standards;
The collageﬁ standard prOteins migréte much differently than do nQn—'
éollagencuststandard proteins. - Since the ¢heﬁic?l na#urejbf each pro- -
teiﬁ bénd-is.not known , it is not poséible to pfedict which mpiecular'
weight standards should be apﬁlied to which protein bands. " The problem
of molecular wéight assignment may be cqmplicated even further-if base-
ment memb;anéS'COntain proteins which have both coilagen regions and
non-collagenous glycoprdteinvfegions,

Sincé collagen (Kefalides, 1973)Aor collagen-like proteins
(Spiro, l9765’afe thought'to be present in the basement membrane matrix,
~a comparison of the basement ﬁembrane protein bands to those'of'lathy~
ritic guinea pig skin ébllagen is appropriate. There are protéin bands
in each basement membrane sample that migrate in the same region as the .
B bands of the skin collagen.  The gIOmerular,-brain vessel, and retinal
.vessei basement membrane samples exhibit é similar band in the region of
oy band~§f the skin collagen. In the region of the a, collégen band,
the retinals brain vessél, and glomérular basement mgmbrane samples
again4exhibit a similar band. Although there are similar bands presernt
in many of the gelé thatrmigrate siﬁilﬁfly to the coliagen proteins, it
is. apparent. that the basemenfbmgmbrénes are more complex'than skin col-
lagen: It is als;>apparent_that the basement membrane samples do not

have the same band pattern which suggests that the wvarious basement
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membranes are not composed of identical proteins. bHowever, certain pro-
teins‘may be similar between basement membranes obtained from various
suborgan fractions. |
Effeétrof‘Degradatiﬁe.Enzymés on Basement
Membrane Ultrastructure

Anqﬁhef approaéh-ﬁsed-to.study‘theAstructﬁre‘of fhé basementtmémr;
. brane matrix‘has been repqrted.by Carlson et gi,_(1976),” Rabbit kidneys
were perfused with:buffer and iron o#ide as deécribed'in the Materials
and Méthods chapter. The proximal tubules isolated from these kidneys
were treated Wifh a 4%‘solutioﬁ of,sodium deo%ycholate and the basement
membrane-isolated. Ihe saline Waéhed basementrmembranes were then di-
gested with either a 1% solution of pepsin, trypsin or pronase for 30
minutes-at 22° C. Elecﬁron microscopic examination of the'digested
baéement membranes showed pepsin to more dégradative than trypsit which
was more active than pronase. When a highly purified collagenase (Wor-—
thington CLSPA) was usaé(to partially digest the isolated tubule-basef
" ment membrane, fine 40>— 50 & fibrils were preferentially released froﬁ
ohe side of the basement membrane matrix. The non-specific proteases
also demonstrated a sidedness in their degradation, althbugh it was léss
dramaﬁic. HyaluronidaSe had no'dembnstrable»effect on basement membrané
strué¢ture. It was not knowhrwhether the proteases preferred the same
side of the basement membrane matrix as the collagenasef The demonstra-
tion that fhese-enz?mes preferentially digested one sidg-of the matrix
implies that the structure of the basement membrane is different on op-

posite sides of its surface.
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From tissue,reéair exﬁeriments, Vracko (1974a) has proposed thét
the Basémént membrane is sided. When muscle capillafies were removed
and replanted,‘the reﬁoPulating cells grew on that side of the basemeﬁt'
membrane_that’cells of Ehe same type had previously occupied (Vracko and
Benditt, 1972). The present finding'that‘degradative enzymes preferen=
' tiallY digeste& one éidgjof the.baSemen£ membrane surface éuggeéfs thét )
the structute‘of the two surfaces of the basement membrane are in some
way différent,‘ This provides étrﬁctural evidence for basement membrane-
~ sidedness. | |
| Mahieu aﬁd Winand (19765 have reported that isolated human' tubule .
basement membrane exhibited a fibrillar peribﬁicity éharaptériétic of _
collagenkA No_éuch“structﬁral collagen was observed~duriné extéﬁsive |
electron micrpscopié examination of theprabbit tubule-basemeht‘membfane

used in this study’ (Carlson etvél;,,l976)°
Metabolism

Rat GlomerﬁlarvGluconeogenesis

Before extensiQe studies of the metabolism of the basement mem-—
b?ane were beguﬁ; it was necessary to know if the glomeruli were meta-
bolically intact. The g;omeruli isolated by the iron oxide perfusion
meﬁhod (Meezan et al., 19?3) have been reported to forp 14CO2 froﬁ a
number of 14C;-substrafe_s, incorpbrated 3Hfamino acids into TCA ﬁrecip—
"~ itable, incorporated‘3H—upidinévinto RNA,,demonstratedvoxygen.

consumptioﬁ and. formed 14C—glucose from l4C—lactate{
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It is known that glomerﬁlarvbasement membrane morphology is
affecfed by a'nﬁmbef of diéease states. In diabetes mellitus, the base-
ment membrane becomes thicker while glomerular filtration fuﬁction is
- impaired. It has been proposed (Spiro, 1971) that in diabetes glucose
‘is shunted to secondary pathwéys which ﬁltimately result in the altera-=
-fion,éf giomerular bésemen£>ﬁembrane metaBOlism. SinceAgluconeogenesis
is stimulated under diabetic cénditions,_we were interested in the
'sourdes of glucose which might affect therglomerulus,'

To study the endogenous formation of glucose by the glomerulus;
rat-glomerﬁli were isolated'byvthe metho& of Meezan et al; (1973) and
Vincubafed'witﬁ:variqus ra&iéiabeled‘glucongogenic subétrafes; During
the course of experimentation,.fhe isolafion procedure was modified by
‘adding a 110 ﬁ pore size sieve between the'standard lSB‘ﬁ.and 64 ﬁ
sieves. Intréduction of the intermediate screén resulted in the major-
ity of gluconeogenic activit& being foﬁnd in the glomerulér ffaction .
retained on the llOJﬁ sieve. vLight microscopic eiamiﬁation of.the 110 ﬁ-
and 64 ﬁ fréctions reVealea that the glomeruli collected on the larger
pore size sievevretained a higher percentage oflthﬁir Bowman's capsule
than did,the;64.ﬁ fraction. The presence of Bowman's capsule was found
to correlate with 14G*glug03e'production°~ Decreasing the percentage of
attached Béwman's capsule by rehomogenization resulted in.a decrease in
the production of 14C—glucpse frdm l4C—pyruvaté‘(Figure'23).A However,
the rate of 14002 formatidn from~14C-l-oleate (Figure 24) was not - -

changed.
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HOURS

Figure 23. 14C—Glucose Formation in Glomerular Tuft Preparations of
Varying Bowman’s Capsule Content
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*= 30 O 110jj sieve glomeruli 17%BC
¢« 110> sieve glomeruli rehomogenized
A 64 p sieve glomeruli 5% BC
m control 5% BC
INCUBATION TIME(hours)
- 14 - - - -
Figure 24. CO™ Formation in Glomerular Tuft Preparations of Varying

Bowman’s Capsule Content
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These findings raised several questions concerning glomerular
metabolism; Do -isolated glomerular tufts have the metabolic machinery
to pefform gluconeogenesis? Gluconeogenesis is classically defined as
the net flow of carbon atoms from lactate or:pyruvate to glucose via a
sequence of enz&matic reaetioﬁs. Thus, the appearance of labeled glu—’
1cose after tissie incubation w1th labeled pyruvate may not necessarlly
mean net carbon £low to glucose but only a sporadic conversion of a.
small percentage of each gluconeogenic enzyme's'substrate poolf How-
éverg the -appearance of labeled glucose from‘pyfuvate=does‘suggest the
potential for net glucoreogenésis. The absence‘ofrappeareﬁce of labele&
~ glucose in the glbmerulaf'tufﬁ'preparatibns nay be due to 1) iﬁappfopri—,
ate 1ncubatlon condltlons whlch do mot stlmulate glomerular glucose pro-:
ductlon, 2) glomerular tuft damage due to the isolatlon procedure, or-

3 the‘lack of the enzymes or cofactors which deflne the gluconeogenic
pathway. | |

| To invesgigate these_verioﬁs hyﬁofheses, a number’of experimen-
tal techniques were developed. Using a modification of the irom oxide
perfusion isolaﬁiOn procedure, glomerular tufts, glomerular tufts wiﬁh
attached Bewman's capsule, and tubules were separated and studied. lAC—.
.glucose production Wes observed in both glomeruli with Bowman's capsule,
and tubules, but only mlnlmally in the glomerular tufts. This small
sporadic 14C—glucose productlon observed in the glomerular tufts was not
significantly above backgroud and was independent of glomerular protein
concentration (Table 9); Glomerular_tufts and glomerular tufts with

attached Bowman's capsule gave similar rates of 3H.—amino acid
P
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Table 9. Percent of Tubule 140 Glucose Productlon by Isolated
Glomerular Fractlons (cpm/mg Protein) :

i Léctate.” “‘?i | G}g;amatgsvy' Succinate -
Glom - BC s 4(4)' - 0.5(20) ©0.2(18)
Glom +BC - 7.2(4) ©6.6(13) 8.6(13)
© Tubules 10000(4)" | '100.9(10)_ 'AA 100.0 (8)

The humber in parenthesis is the number of experiméntal samples analyzed.
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incorporation into TCA precipitable protein indicating that the glom—
Veruli were meéabolicaily.active althbugh non-gluconeogenic (Figure 25).
Since therBowman?s.capsule is continuous Witﬁ the ﬁuft being linked by

a basement membrane, the eonsiétent-removal of all Bowman's capsular
elements was extremely difficult and beyond the scope of present method-
: olog§; ’V |

To detérmine if incubétiOn conditibns were optimal for glomer;

-ular'tuff14

C~glucose production, the effect of pH on 14nglucose forma~
tion was measured (Figure 26),} The pH optimum for 14C—*glucose formation
froﬁ 14C--”succinat,e by tubuleé énd glomerﬁlar tufts with éttached Bow~
man's capsule ﬁas 7.2. This is similar to the gluconeogenic pH optimum »
reported by Kurokawa and Rasmussen (1973) for isolated rat kidney tu-
bules. The isolated glomerular tufts¥devoid df;capsular'eléments-gave
only trace a-cti\}ity° This trace éctiVity Was‘not dependent on the ﬁH'of
the incubation médium.' |

The results obtained from l'4C02 production, amino acid incorpo-
ration and pH optimum experiments. are coﬁpatible.with the hypothesis
that Bowman's capsule or'miﬁute;quantities of proximal tﬁbule attached
to Bowman's capsule are responsible for the gluconeogenié activity ob=-
served in the earlier préparatiéns (Hjelle, Meezan, and Brendel, 1975).
Réalizing.the‘diffi¢ulty of proving a négative, the'péssibility that rat
renal glomerular tufts dolnot possess the metabolic machinery to clas-’
sify them as gluconeogenic is suggesﬁed. The §Bsérvation that signifi-
cant.lAC-glucose productioﬁlwas observed in known glﬁconeogenic tiSSué

isolated from the same organ, but not in glomerular tufts would support
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® GLOMERULI WITH TUBULES
A GLOMERULI WITH BOWMAN'S CAPSULE
GLOMERULAR TUFTS

NET 3H-AMINO ACID INCORPORATION(c.p.m. xI(53¥mg protein)

INCUBATION TIME (hours)

Figure 25. Comparison of Protein Synthetic Activity in Isolated Glom-
erular Tufts, Glomerular Tufts with Bowman’s Capsule, and
Glomeruli with Tubules
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8 300-

Figure 26. Effect of (H. on 14C—Glucose Formation by Glomerular Tufts,
Glomerular Tufts with Bowman’s Capsule, and Isolated Rat
Tubules

The glomerular tufts # , glomerular tufts with Bowman®s capsule 3 , and
isolated rat tubules O were isolated from the same rat kidney prepara-
tion. Standard error of the mean is shown.
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this conclusion. The poséibility that perfusion of metal particles
1underiphysiological pressure migﬁt affect glomerulaf tuft 14C—glucﬁse
-produétion isvextrémely difficult to'aSSéss. Attemﬁts ﬁb~isolate glomr
erular tufts without parﬁi¢le'perfusion ¢ould not rémOQe tubule frag-
ments, gioﬁeruii With-attaéhed'Bowmaﬁ's cafsule or ﬁissue deﬁris, A
Pﬁrevéiéﬁéfular fﬁft?ﬁfepéfatibﬁ is ESseﬁtial fofzﬁhe‘éharactériZaﬁioﬁ'»
of gldmerulér meﬁaboii§ﬁ~due t§ ﬁhe~&ivérse structures and their asso—-
‘ciate._df functions wh:_ch contaminate glomerular preparations.

Because of the 1ack of glucoﬁgogenic activity in the glomerular
tuft,‘éluconeégénesis did n§t éppear=to bé a factOrywhiéh could»sigﬁif—
icantly influendé»glomerular bésement;membténe metabclism; -Itkalso sug-
gested that if glucose‘altéfed basemént membrane metabolism that the

~ glucose must be.derived from extracellular pools.

Rabbit Proximal Tubule Metabolism

The isclated proximal tﬁbule preéaration was of intereét to us
A because itAprovided a one cell type system to study'basement»membrane
metaﬁoliSm. The isolated glomérulaf system con£ains at least three dif-
ferent cell types. The'role of these three cell typeés in basement mem-
‘brane metabolism is,pdorly undeistood,'

Before basemgnt.membrahe étudies'weré begun;‘however, it was
neceséary to determiﬁe:the'viability of the isolated tubules prepared by
hand homogenization and sieving. The metabolic activity of tubules ob-
taiped by the classic‘collagenaée digestion procedure of Burg and Orloff

(1962) was. used as a standard. of tissue viability.
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When 14C—glucose‘p‘roduction from 14C-succinate was measured in
tubules isolated by the described methods from 24 hour starved rabbits, -
a significant difference was observed. The proximal tubules isolated by
the iron oxide perfusion~techniqﬁe were significantly more active in |
forming 14C—glu_cOse than were the cdllagenase treated preparations re=
gardless éf Whether'ﬁhé fﬁbulés were initially isolated‘frOm the iron
oxidé perfused of>c01lagéﬁase perfused kidney (Eigure 27). Collagenasev

'=fdigéstioﬁ'also dimighed 14C02'p'r'oduction fromrl4C—succinéte-(Eigure 28).

* Amino acia uptake (Figure 29), protein synthesis (Eigure'BO),.uridine

,.uptake (Figure 31)'and RNA,synthesis-(FigUre 32) were ali found to be
depresséd inlfhose-tubule preparafions which were treated with colla—
genase;> The rate 6f p-aminohippuric acid uptake was found to be sub-

- stantially greater in the-non—collagenase treated tubules as shown in
Figure 33. The abiiity of tubules to transport p-aminohippuric acid is
regarded as an index of their viability. Because of the depressed me-
tabolism and altered morpholegy of the tubules following the collagen-
ase treatment, tubules isolated By hand homogenization'ana sieving were
employed in the basement membrane experiments.

Glomerular Basement
Membrane Metabolism

Incorporation Experiments
In order to employ the deoxycholate method of basement membrane
isolation in the study of the formation of the basement membrane, it was

necessary to know if the rate of synthesis and laydown of de novo
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Figure 27. The Effect of Collagenase on Rabbit Tubule 14

C-Glucose
Production

No collagenase #.
Isolated with the use of collagenase A .
Isolated by sieving followed by incubation with collagenase m .
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Figure 29. H-Amino Acid Uptake by Isolated Rabbit Tubules
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3H-AMINO ACID INCORPORATION
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Figure 30. 3H-Amino Acid Incorporation into TCA Precipitable Protein

No collagenase #
Collagenase treated O =



H-URIDINE UPTAKE
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Figure 31, E-Uridine Uptake by Isolated Rabbit Tubules

No collagenase # .
Collagenase treated O .
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H-URIDINE INCORPORATION

20 40 60
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3
Figure 32. H-Uridine Incorporation into TCA Precipitable Material by
isolated Rabbit Tubules

No collagenase #
Collagenase treated O .
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14c-PAH Uptake
by Isolated Tubules

* No Collagenase
* 10" Collagenase
m 20'Collagenase
° 30" Collagenase

Minutes

Figure 33. The Effect of Collagenase Digestion on the Uptake of 14C—p—
Aminohippuric Acid by Isolated Rabbit Tubules
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:bésement membrane protein was of sufficient velocity to permit accuraﬁe
measurement. - Several independent studies had suggested that thelturn—
over;of the basemént membrane was a slow process taking several months
(Walker, 1973; Spiro, 1976). However, Meezan et al. (1973) had demon= -
strated that isolated glomeruli incorporatedrradiolabeled amino acids

‘:into TCA p:ecipitable-préteins, Grant, Harwoo&, and Williams (1975)
subsequently reported that isolated glomeruli incorporated proiine and
lysine inté non-diffusible material, but that baéement hembfané protein
formation accounted for less than 5% of the total incorp0rati§n; Using
a preparation of isolated glomeruli, Cohen and Vogt (1975) have reported
that‘radiolabeled‘lysine was . incorporated into material which pelleted
with the éonicated baseme_nt‘m.embrane'fragments° Initial experiments
using isoiated glomeruli incubated with radiolabeied amindracids‘and
carbohydrates'from,whichfthe.basement.membranes were isoléggd by soni-=

‘cation and'cenﬁrifugaFion resulted in the appearance of radiolabel in
the ﬁelleted protein.

To study §g_Egz9;basement membrane formation, glomeruli isolated
by ﬁhe iron oxide perfusion method were incubated with radiolabeled
amind acids and carbohydrates. By using deoxycholate to isolate the
basement membrane matrix, it was hoped that the non—matrik newly formed
proteins could.be removed and the neﬁly synthesizéd deposited matrix
proteins obtained. To determine the feasibility of such procedures,
glomeruli were incubated with a_mikture»ofAl4C-amino acids in Earle's
basic salts buffered with HEPES fortified with Penicillin GRQ After 150,

200, and 400 minutes of incubation, multiple aliquots were removed and
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micrqfuged for 15 seconds. The supernatants were remove& by é draﬁn
Pasteur pipet while the tubes:containing the magnetic ifon oxide filled
glomeruli were held over a permanent magnet. This avoided loés of glom-
eruli during superﬁatant removal. To monitotr the removal.of extracellu~
lar free 14C—-amino acids from the inqubaﬁed glomeruli, the pelleted
glomeruli were suspended in 1 ﬁl of 0.9% saline, ﬁicrofuged and the su%i
perﬁatént rémoved andfprepared for'scintillation spectrémetry; The glom-
~erular samples were washed three times with saline in this manner.
Determination of the radiolabeled material in the saline supernatants -
provided information as to the.rate éf removal of eitracellular free
amino aciés which would intérfere with the measurement of infracelluiar _
. aminb aéi@ uptake and utilization. Figure 34 shows the loss éf radio-
labéled material from predominantly extracellular portions of the glom—
eruli, The>decreése in variability with increased number of washings
suggested that the washing procedure could be performed in a reasonably
consistant manner and that only a small amount of radiolabel remained
after three washings. The small amount of radioactivity obtained in the
third wash might,be due to either residual extracellular saline soluble
@aterial or leakage from intracellular sites.

To determine the effect of'passive DEOC treatment versus a rig-
orous DEOC treatment, the saline washed glomerular samples were each
suspended in 1 ml of a 4% DEOC solution with vigorous vorteéing;’ Half
of the samples were then sonicated while the other half were only vor—

texed.
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NUMBER OF SALINE WASHES

Figure 34. The Effect of Multiple Saline Washes in Removing Saline
Extractable Amino Acids from Incubated Rat Glomeruli
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After’sténding overnight at room temperature, tﬁeksamples were
microfuged and the sﬁpernatant rémoved and prepared for scintillation
counting. The pellets were twice resuspended in 1 ml of DEOCQ vortexed,
microfuged, and the supernatants rembvedraﬁd counted. Table 10 depicts
the ldss‘of inﬁracellular radioactivity ffdm sonicated, and non-sonicated
VDEQC freated:éaline Washe&_giomeruli; An asymptoticfdeérease in the
DEOC soluble radioactive material with each subsequent DEOC eétraction
was observed. Interestingly, the amount of radiéactivity extracted in
all the DEOC Washes increased ﬁith increésed.incubation<time.> Tﬁis in-—
crease éould be due to 1) uptéke of amino acids into inﬁracéllular
séécgs, 2) intracellular protein synthésis, 3) radiolabeled secreted
proteins which were beginning-to aséociate with e#traceliular struc~
tﬁres, or'4) residuél rédiolabeled amino acids bound-nonspeéifically'to
extracellular sites. Since sonication in the,detergent,fsodium deoiy—
cholate, did not significantly increase the small'amount of radioactiv-=
ity removed iﬁ“thp third DEOC wash relative to the non-sonicated
"preparation, it was presuﬁed that the majority of non-DEOC extractable
radioactivity was tightly bound to the extracellular material. The:
three times DEOC treated'glomeruliiﬁere subsequently washed with saline
resulting in the extraction of only a small amount of radioactivity.
When this insolubleimaterial was again washed with DEOC, no significant
radioactivity could be removed. The  remaining DEOC insoluble material -
was suspended in 1 ml of 0.1 N NaOH and heated for 18 hours at 60° C. A
lOO»ﬁl aliquot was removed [from each conical tube for protein assay by .

the fluram method. The remaining 900 ul Wasuneutralized with HCl and
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.Table 10. Deoxycholate Extraction of Radiolabel from Isolated Glomeruli

Deoxycholate Soluble Material

Incubation - Vortex Only Sonication and

Time (Min) = Wash # (CPM/ML Deoxycholate)  Vortex

150 T 44,240 + 789 45,478 £ 490

2 825 + 146 604 + 10

3 100 + 10 47 2

300 1 56,490 + 1,990 58,740 + 687

2 © 1,143 + 83 683 + 41

3 130 + 12 108+ 20

400 1 79,723 + 667 - '79,700' + 886

2 ¢ 2,394 + 81 1,599 *+ 90

| + 68 329 66

3 414

<}l+

Mean + Standard Error of the Mean.
n= 4 '
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céunted,‘ Table il.shows the rate of incbrporatioﬁ of Y4C-amino acids
into DEOC iﬁsoluﬁle matérial.' Sonication of the Wéshed glomeruli in
DEOC resultea iﬁ a lower rate of incorporation than did only:vdrtexing
iﬁ DEOG. However, both treatments show incorporation into a.strdéture
which is ultrastructurally‘and chemipally>identical to basamént membrane.
Sonication in detergents would be expected to remove noncovalently bounaA
pr&teins and amino écids. | |

Earlier experiments had shown.that when large quantities of
tissué:were*treated wifh‘DEOC a viscous gel was formed. This gel in-.
terferéd with further éxtraction and manipulation of tﬁe tissue. »To’
determine if a similar phenomenon might also interfere with glomerulair
biosynthetic experiments, isolated»gldmeruliAwere incubated with 3Hrpro~
line plus MEM amiqé'écids.‘-After.BBO minutes of incubation, éliquots df'
véryiné volumés Were‘removed from the batch incubation'suspénsion and |
placed in conical microfuge'tubes. The glomerular basement membrane -
was obtained by tfeating the glomeruli With two 1 ml saline Washes; two
1 ml DEOC Washes-ahd al ol saliné wash, respectively. Solﬁbilization
of the'basement'membrane‘protein by heating at 60° C overnight in 0.1 N;'
sodium:hyd:oxide permitted the quantification of the protein in each‘
tube. The plot of radiolabel incorporation into DEOC insoluble material
versﬁs protein concentration is shown in Figure 352' It. appears that
tﬁere is a linear relationship between incorporation and protein'concen—
tration between protein values of 50 to 200‘ﬁgms; Tisue. manipulation

was not hindered by this experimental regime.
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Table 11. ,Radiolabel Remaining After Multiple Deoxycholate Extractions

Deoxycholate Insoluble Material

(CPM)
~Incubation Time Vortex - Sonication
150 1829 + 20 1551 + 20
300 2516 + 107 2190 + 95
400

3436 + 52 2932 + 84

- Mean + Standard Error of the Mean.

N =4
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jugm DEOC INSOLUBLE PROTEIN

3
Figure 35. Incorporation of R-Proline into DEOC Insoluble Material
Plotted Against Protein Concentration
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For comparison, isolated proxiﬁal tubules were incubated with a.
mixture of 14C--amino acids under similar conditions. The appearance of
14C-anﬁino acids in the isolated tubule basement membrame obtained by
DEOC treatment is éhown in Figure 36. Using the isqlated bovine retinal
.veSSel system, White, Meezan, and Brendel (1975) have also observed ra-
diolabel,incorporation into isolated basement membrane.

Since it is éenerally_agreed that baéement membranes contain a.
collagenOuS'compdnenfg we atteméted to demonstrate'the.incorpofation of
radiolabeled amino acids known to be found in large amounts in collagens.
into DEOC insoluble material. Radiolabeled proline, glycine, lysine,
lglucosamine, andvgalactose have béen oBsérVed to be taken up and‘incor—
porated into DEOC insoluble material. Figure 37 shows thelincorporation'
of glucosamine into.DEOC insoluble material.- Thé incorporation of ra-
diolabeled_glucosamine5 lysine, and .glycine into the(matrii was linear
after thévfirst hour of incubation.  Krisko and Walker (1974) have re-
ported the incorporation of radiolabeled glucosamine into glomerular
protein to be linear over a 10 hour inéubation period. Clark et al.,
(1975) using the embryonic rat parietal yolk sac have reported that the
synthesis and laydown of 3Hrglucosamine was linear thrqughdutra two hour
incubationaA Glucosamine is a component of the heteropoiysaccharide
féund in the non;collagen portioné of the basement membrane proteins
(Kefalides, 1973). The observation that glucosamine incorporation into
basement membrane matrix bound prOteiné»was linear through the incuba-

tion period suggests that non~collagenous proteins were being formed.
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Figure 36. The Incorporation of 14C—Amino Acids i1nto Rabbit Tubule
Basement Membrane Material
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H-GLUCOSAMINE

W 20
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3
Figure 37. The Incorporation of H-Glucosamine into Isolated Glomerular
Basement Membrane

3
The isolated rat glomeruli were incubated with 100 yCi of H-glucosamine
in incubation buffer.
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Glucosaminevis not converted to anything but galactosamine and sialic
acid to any appreciable extent,‘

The incbrporation of radiolabeled lysine is also linear through-
out the six hour incubation period (Figure 38). The incorporation of
14c—lySine into glomerular protein and the formation of 14C7hydroxyly—'
sineiwas reported by Cohen and Vogt (1975) to be_approéimately linear
for the first 2 hours of incubation. Ihe'iﬁcorporation of lysine ob-
served by Cohen and Vogt (1975) is similar to that obéerved in this
" study eXgept that théy meaéured soluble protein whereas matrix bound
protein-was-measure& in this study.

The incorporation of glycine into the basement membrane is shown
in Figure 39. Again, the rate of'radiolabel incorporation is linear
throughoﬁtrthe six hour incubation. wSince glycine constituté; approki_
matély one third of the total nuﬁber-of residues found in collagen, gly-—
cinerincorporation should be.substangial in collagen forming tissues. .
Glycine incorporation itself, however, is not diagnostic for collagen
.sypthesis. |

3H.—galactose incorporation inté glomerular basement membrane was
linear after the first hour of incubation. This is shown in Figure 40.
Galactose is found in both the heteropolysaccharide and the disaccharide
unité of basement membrane. Krisko and Walker (1974) have also reported
the incorporation of:radiolabeled galactose intovglomerular protein to
be linear over a 10 hour incubation period.

When the incorporation of radiolabeled proline into the base-

ment membrane was monitored, an increase in the rate of incorporation
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Figure 38. The Incorporation of "~OLysine into Isolated Glomerular
Basement Membrane

The isolated rat glomeruli were incubated with 10 yCi of 1Z4C-lysine in
incubation buffer.
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Figure 39. The Incorporation of H-Glycine Into Isolated Glomerular
Basement Membrane
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H-GALACTOSE
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Figure 40. The Incorporation of 3H—Galactose into Isolated Glomerular
Basement Membrane
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was. seen after three hours of incﬁbation_(Figure 41). This is in con-
trast‘to the’incorporation rates of glycine, l&sine; galactose, and glu~
cosamine &hich Weré approximately linear throughout the incubation
period. Since it is knowﬁ'that collagen secretion is slower than colla-
gen synthesis (érant,'Kefalides,'and,Prockop, i972a}, ;he increase in
‘the rate df.radiolébél appearance ‘in the isolated bgséﬁent membrane ma-
trix ﬁay bé due to collagen.synthesié and secrétion processes.

.Siﬁce collagen also contains hydroxyproline the synthe§is and
laydown of basement membrane proteins may be monitored by the appearance
-éf radiolabeled hydroxfproline'after,incubation with radiolabeled pro-
line. However, this procedure must be used cautiouély if exrroneous re-
sults are to be avoidéa.. Collagen fibrilé have been observed in the mes-
angial région of the glomerular'tuft;CLatta, 1973). Since basement
meﬁbraneé dé not exhibit.the classic striations of fibrillar collagen,
this materiai is probably not basemeﬁt membrane'proteiﬁ; Thus, thé ap-
pearance of.hydroxyproline in isolated glomerular preparations may be
due to fibrillar synthesis in addition to glomerular basement membrane
protein formation. By isolating the glomerular basement membrane by the
DEOC method, mesangial fibrillar collagen.is removed and the laydown of
bésement mémbrane_proteins can be monitored by the appearance of radio-—
labeled hydroxyproline. To measure the formation of léc-hydroéyproline
from iéc—proline, glomeruli and proximal tubules were incubated with 14C~
proline which‘had been purified by ion exchange chromatography, The
time courses of hydroxylation expressed as'the hydroﬁyproline/proline

ratio times 100 is shown in Figures 42 and 43 for glomerular and
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3
Figure 41. The Incorporation of H-Proline into Isolated Glomerular
Basement Membrane

3
The isolated rat glomeruli were incubated with 50 yCi of H-proline in a
volume of 4.5 ml of incubation buffer fortified with MEM amino acids.
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|[AC-PROLINE hydroxylation

DEOXYCHOLATE SOLUBLE

DEOXYCHOLATE INSOLUBLE

(CPM HYPRO/CPM PRO) X 100

HOURS

Figure 42. Appearance of "~C-Hydroxyproline in the Soluble and Basement
Membrane Fractions Obtained from lIsolated Rat Glomeruli
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ldc- proline hydroxylation

DEOXYCHOLATE SOLUBLE

DEOXYCHOLATE INSOLUBLE

(CPM HYPRO/CPM PRO) X 100

HOURS -

Figure 43. Appearance of "~C-Hydroxyproline in the Soluble and Basement
Membrane Fractions Obtained from Isolated Rabbit Tubules
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tﬁbuleé, respéctivély. Other.workers using ingiﬁzg systems to study
hydroxylatioh}of léc—proliné'have observed'an apparent satufatioﬁ of
hydroxylation (Jéfféﬂet_al., 1975).. This is also observed in our'sysﬁ'
‘tem in>the deoxycholate soluble fréction; The,hydroxyProiine to proline
ratio in the maturé'basement_mémbrane-is slightly greatervthan oné. In
Iﬁ contrast, the ratio of radiolaBéled h&dro#yproline ﬁo praiine is

. much Sﬁallér (0;O1je There are sevéial péssible~e%plaﬁatioﬁs for the
10wér thanlg#pecfed hydroxyprGline ;o'prolineAratio in the'isolated
'gldme%ular baéement membrane.:lThe first:and foremost is .that basement
ﬁémbrane éollégen'synthesis constiﬁﬁtes oﬁly a.véry sﬁall'percenﬁage of
the total proﬁéin synthesized by the glomerulus (BroWn and Michael,
1973; Grant, Harwood, and Williams, 1975). The ;atio of radiolabeled
hydroxybféline to ﬁroliﬁe was found to be 0,0i4iin the>media of 24 hour
~ihcubated~glomerﬁliy(Brown and ﬁichaei‘,‘1973)° Similar fipdings'have L
been reported by Gfant, Kefalides,.énd Prockop:(1972a) for chick lens
bésément membrane collageﬁ; A second e#pianatién for the lowervhydrbiy—
iation levels may be damage tq_the hydroﬁylatingvSYStem. H@Wévér; the
ratio of hydroxyproline to proline increasés in the DEOC éoluble-fraction
for ét.least the first 5 hours of inﬁubation iﬁdicating at least>§artial
preservation of hydroxyiation function. The appearance of hydroéYprO*
line in the basement membrane. does not occﬁr until 5 hours' indicating a
lag in the secretioﬁ or'laydown of cbllggenéus proteiné. A delay in the
-appearance of hydrcxyﬁroline in the:basement membrane.matrii haé beep
observed in.both embryonic énd mature systems.. The appearance of l4C—

hydroxyproline in the embryonic parietal yolk sac basement membrane was
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deleyed 1l - 2 hours while the incorporation of 14C—proline'i‘nto'protein
was iinear throughout the 6 hour ejrperiment. 'Grant,erfalrides, and
Prockop (1972a,-1972b)-reported that lens capsule cells.did-not start to
secrete radiolabeled hydroXyproline until one hour after the adaition of
radiolabeled proline. U81ng an isolated glomerular system, Williams
et al. (1976) reported that radlolabeled hydroxyprollne d1d not -appear
in the incubation medium until 4 - 6 hours after the.lncubatron waSgbe—
gun. This-4 % 6 hour lag peridd'waslthought tsvbe due to the time re-
qnired for assembly of the hydroxylated and glycosylated basenentv
membrane collagen chains into trlple hellcal form. (Grant Harwood, and
" Williams, 1975; Wllllams et al. : , 1976). The appearance of 14C-—hydroxy— '
prollne in the DEOC 1nsoluble basement membrane corresponds well with
this observation of a 4 ~ 6 hour lag in cellagen secretion.v-This
finding of a slow'time courserof appearance of h&droiyprdline contrasts
to the linear incorporation rates observed for glucosamine, galactose,
lysine, glycine, and amino acid mixture. Since glucosamine, galactose;
lysine, snd glycine are all found in the non—collagen glycoprotein de~
scribed by Kefalides (1973)5,it'is'possible-that-a non=collagenous pro-
tein iS‘syn:hesized and depesired into the basement membrane matrix at
a faster rate than a collagen component of the basement membrane¢ This
might account for‘the lower than expected ratio of radiolabeled hydroiye
proline to proline in the isolatedbbasement membrane.

From glncssamine and hjdroxyproline'incornoretion experiments in
‘the‘rat parietal yolk sac system, Clark et al. (1975) have proposed that

basement membrane synthesis is a two component system: a non-collagenous
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glycoprotein and a-collagenous protein. The significant difference in
the rate of radiolabeled 14C—hydroxyproline appearance in the isolated
basement membrane as compared to that of glucosamine, galactose, lysine,

and glycine would support the concept of a two component system.

‘ Inhibitién Experiments

- To show that theviﬁqérporation of radiolabeled aminO'acidsAinté
basement membrané prdtein was dependent uypon an intacf enérgy prodUCing
system, glomeruli were incubated with sodium azide for 40 minuteé at 37°
C before the addition of radiolabeled amino acids. A significaﬁt inhi-
bition of radiolabeled uptake into both ;he~DEOC soluble and insoluble-
fractions was observed (Figures 44 and 45). To further shbw that pro-
~ tein synthesis was‘required for the uptake of fadioiabeled.amino acids -
into DEOC sbluble and insbluble material, isolated gIOmeruli'we;e incu-
 bated with the protein synthesis inhibitor, cycloheximide, for 40
minutes prior.to the addition of the radiolabel. -The effect éf‘éyclo-
: heximidé and sodium azide on the rate of incorporation of radiolabel in=-
to DEOC insoluble material is shown in Figure 45. The inhibition of
3H—-g‘a—lactose intb.DECC insoluble material is shown in Figure 40. The
inhibition of carBohydrate incorporation into baseméﬁt memBrane by the
protein synthesis inhibitor puromyein is in agreement with fhe require—-
ment for protein synthesis before addition of carbohydréte occurs in a
posﬁ*translational step.

When the competitive proliné antagonist L-2-azetidine-2-carboxy-

lic acid was added to the intubationlmedium, the uptake of 3H—amino
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Figure 44. The Effect of Sodium Azide and Cycloheximide on the Appear-

ance of Radiolabel in the Deoxyetiolate Soluble Fraction of

Isolated Rat Glomeruli Incubated with a Mixture of Amino
Acids

The isolated rat glomeruli were divided into three equal aliquots and
suspended in 4.5 ml of incubation buffer alone or buffer containing
either 46 mM NaNo or 1.0 mM cycloheximide. After 40 minutes of preincu-

bation, 50 yCi of amino acid mixture in buffer was added to each
aliquot.
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acids-was.inhibitedrby 40%'whilé the inhibition of radiolabel appearance:
into the DEOC insoluble maﬁetial was 157. L—Z—ézetidine—Z—carboxylic'
acid is thought to act by replacing'proliné during protein synthesis
thuérblockingVfurther'protein chain elongation. Although cdllagen is
relatively riﬁh_in prbline, the formation of any protein containing
proliﬁe'couid be inhibited.

Colchicine, an agent which inhibits collagen secretion, had no
significant effect on rédiolébel épbearance in the'isoléted'basement
membrane during incubation'with a mi%ture~of 3H§aminovacidé (Eigﬁre 46).
~ This would suggesﬁ that the eitrﬁsion of the deposited radiolabeled
proteins dbes not require micrdtubule mediatéd pro‘cessés° In addition,
it suggeéts that the profeins being depositéd are not collagenOus,i This
is supporﬁed by the delayed appearance of radiolabeled hydroxyproline in
the bQSeﬁent membrane and ﬁhe.extracellular medium (Williams et al.,
1976). |

Beﬁafaminoprcﬁrionitrile (BAPN), an inhibitor of collagen cross+
‘line formation, inhibited the increase in the rate of radiolabel deposi-
tion into the basement membrane matrix (Figure 47) that had been
observed during:incubationé~with radiolabeled proline (Figure 41). TUn-
like the ear;ier proline experiments (Figure 41), the glomeruli from
- both the control and BAPN grpupé were allowéd to remain in deoiycholate
fof one wéek at room ﬁemperature before basement mémbraﬁe isolation was.
_compieted. This delay in basemeﬁt membrane isolation may be of,suffi-v
cient duration to aliow collagen crosslink formatiom. It is apparent

) (
from this study that only a portion of the radiolabel is susceptible to
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diolabel in the Glomerular Basement Membrane Isolated from
Rat Glomeruli Incubated with ~H-Proline

Control 0O .

7.1 X 10~2 m g-aminopropionitrile for 10 minutes prior and during the
incubation period =
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deposition inhibitioh by BAPN suggesting that non—collagen crosslink.
interactions’such as disulfide bonds are also involved in the deposition
proéess, Thekpossibility that é collagen-component is attached to the
basement membrane matrix'b& BAPN sensitive mechanisms while a non-
collagen. glycoprotein component islattached by BAPN resistent mechanisms
. is conéistent wiﬁh'the linear incorpqration.rate obserVed for glucosa=
mine (Figure 37). . Therinhibitionlby BAPN of radiolabel deposition may
be due in part to cellular toxicity independent of lysyl okidase inhi-
bitiong o

.It haé been proPOSed that'basemenﬁ membrane protein synthétic
activityimigh£~acéount‘for Ehi high energy consumption rate thought t§ ,
occur in the renmal glomerulus (Cohen and Kamm, 1975). From the rate of
’baseﬁent'membrane synthesis (Grant, Harwood and Wiiliams,:l975) and dep-
6sition of radiolabeled proteins into-thé-basement membrane matrix
(Hjellé, Brendel and Meezan, 1976), it would appear that basement mem~
brane proteinrsynthesis does not account for the majority of protein
synthetic activity aSSOCiafed with the glomerulus. The high energy con-
‘sumption of the glomerulus may iﬁ part be accounted for by contractile
processés associated with glomerular cells. An endogenous rhythmic con-
traction of glomerular capillaries has been observed by Bernik (1969).
Hornych, Beaufils and Richet (1972) have found that supracortical glom—
eruli exhibit a vasomotor tone and are sﬁsceptible to the pressor ef-
fects of epinephrine. Another energy dépendent cellular activity which
may. affect glomerular energf utilization has been repofted.by Klebe
(1975). He found that the attachment of cells to a layer Qf collagen

was an energy requiring process. The maintenance of epithelial foot
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process attachment to the basement membrane in the face of glomerular

filtration pressures may also be an energy requiring process.



CHAPTER 4
. CONCLUSIONS

In this study é method was developed forlthe'isolation-of mor-
phologically aﬁdvchemicélly inta§t>béseﬁent membranes from a variety of
suborgan fractions. This.procedure‘haé been demonstrated to bg appli-
cable to the study of basement.membrane metabolism. Using this basement
membfane:iSOlation procedure, the deposition of newly formed proteiné
into the baéement membrane matrix was,studied.l Evidence was accumulated
which suggésted that basement membrane formation might be a two com-
ponent system. One.cémpdnent'was;depdsited at a lineaﬁ rate.throughéut“
-most of the incubatioﬁ period and w;s apparently not collagenous in
nature. A second‘componént was deposited after a lag period of 6 = 8
hours and Was_collagenoqs in nature.

.The formation of the Basement,membrane matrix was observed to
be a slow process. This suggested that the high energy consﬁmption rate
of the glomerulus was probably due to cellular processes othetr than
vbasement membrane syﬁthesis‘ It'also'suggesfed that in short term ex—
periments changes in basement membrane synthetic rate Would have littlg
effect upon the gross structure of the basement membrane. This is of
iﬁportance'in the study of glomerular filtration when the question of
the basement membrane as the primary»barrier to filtration is discussed.

When glomerular preparations were examined for gluéoneogenic

activity, it was found that the activity resided in either the Bowman's
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capsule or minute quantities of proximal tubuie attached to Bowman's
capsule. Protein synthetic activity was found in both glomeruli with -
aﬁtacﬁed 3owm3n's cgpéule and glomérular tufts. The indication of the
non—giUconéogenicAnature,of the gloﬁerular,tuft may provide some. further
’.insight info glomerular function and metaboliém and their altetration

- during disease..
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