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Introduction 

Interest in toxin-induced nephropath_y has inci:eased 

with the development of sensitive methods toe detectin~ 

subtle effects of toxins on renal structure and function and 

as man faces increasing exposure to toxic compounds. 

Toxicants, vhich can include drugs as well as environmental 

contamindnts, are most often transported to their site of 

action via the blood stream.Although the kidneys comprise 

only 0.4~ of the body veight,they receive about 25:.. of the 

resting output of the heart. Since they receive such a 

large percentage of the Cdrdiac output, the kidneys are 

quickly exposed to peak concentrations of chemicals in the 

blood. The blood is circulated to the nephron, the working 

unit of the kidney, and is filtered at the glomerulus. The 

ylomerular filtrate is normally free of la~ge molecula~ 

weight components, but nutrients and toxicants small enough 

to pass through the glomerulus will enter the tubule system 

of the uephron. Epithelial cells lininq the proximal 

convoluted tubule, 

then selectively 

the first section of the tubule ~ystem, 

reabsocb nutrients f roM the luainal 

fluid.Toxicants in the luminal fluid 11ay become concentrated 

as water, salt and other nutrients dre reabsocbed by the 

epitbelia. Thus, a non-toxic level of a chemicdl in the 

1 



2 

pldsma mdy attain a toxic concentration within the lumen ot 

the nephron. Alternatively, toxicants in the luminal fluid 

may be actively reabsorbed by the proximal tubule epithelia, 

resulting in the intracellular concentration of the 

contaminants. The aDility ot kidney epithelial cells to 

concentrate make them particularly susceptible to damaging 

effects of circulating toxicants. 

The plasma •embrane of t.Ae tubular epLthelial cells 

exhibits a distinct structural and functional polarity. T~e 

bru::;n bocder surface of the epithe1-ia.l cell £.aces the 

1 u mi na 1 f 1 ui d , while the basal-lateral surface faces t~e 

basement membrane, and is bathed by capillaries.Functional 

integrity of both meabrane sucfaces is required for nutrient 

reabsorption to occur. Either surface may be exposed to high 

concentrations of toxicants, by the processes described 

above, impairing renal epithelial function. 

Exa mtiles of ne phroto.xins, to.xicants which adversel.y 

affect the kidney, are heavy metals, analgesic~, 

antibiotics, anti-neoplastics and ocganochlo~ines ( Hook,et 

al.,1979; Schreiner and Maher, 1965 ).Nep~rotoxicity may 

result from damage to the vdscular, glomerular, or tubular 

components of the nephron. Tubular, or epithelial, damage is 

of ten characterized by the presence ot glucose, amino acids, 

and other nutrients in the urine (Schreiner and Maher,1~65; 
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Hook,et al.,1979). To dscertdin the site and mechanism of 

action of nephrotoxins affecting nutrient reaosorption, 

methods have been devised to isolate each of the epithelial 

cell membrane suctaces as vesicles suitable tor nutrient 

transport analysis. To 

simultaaeous isolation of 

date, no convenient .method for 

brush border <Uld basal-ldteral 

membrane vesicles under identical conditions has been 

acheived. In this project I have developed a method for the 

isolation of hog renal brush border and basal-lateral 

membrane vesicles. l have also investigated the effect of 

cadmi.ua on the reabsorption of glucose by brush border 

membrane vesicles. 



Literature Review 

Characteristics 2! £he Brush Border and Basdl-Lateral 

Membrane2 -The epithelial cell of the proximal convoluted 

tubule consists of two membrane surfaces which differ in 

their morphoiogy, composition, biochemistry, and function. 

As shown in Fig. 1, the luminal, or brush border, surface 

has thousands of microvilli giving it a "feathery" 

appearance. These microvilli serve to increase tne 

absorptive area of the kidney. This structure contrasts with 

the smooth infoldings of the contraluminal, or basal-

lateral, surface. The extracellular suLface of the 

microvilli is covered by a glycocalyx, and the intracellular 

surface is equipped with a well defined cyto~keleton. In 

contrast to the microvillar m~mbrane, electron microscopy 

shows the basal-lateral membrane to be shac~ly delineated 

with neither glycocalyx nor a ~rominent cytoskeleton. Thus, 

the basal-lateral surface resembles the plasma membrane of 

other cell types. 

Each of the epithelial cell 

enzymes associated with it. Table 

surf aces also has specific 

I lists renal epithelial 

membrane enzyme markers based on their relative enrichment 

in the membrane preparations. Many of the enzyme~ 

4 
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Figure 1. Epithelial Cells of the Proximal Tubule 

Shown are three cells with their microvillar surfaces facing the lumen 
and their basal surfaces resting on the tubular basement membrane. The 
tight junctions which couple these cells have been omitted. 
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Figure 1. Epithelial Cells of the Proximal Tubule 
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Table I. Enzymes Associated With the Epithelial Cell Membrane 

Brush Border 

Disaccharidases ( maltase 
and trehalase) 

5 1 -Nucleotidase 

Aminopepridase(s),e.g., leu-
cine aminopeptidase 

Alkaline phosphatase 

Gamma-glutamyl transferase 

cAMP-dependent protein 
kinase 

Carbonic anhydrase 

Hco3-dependent ATPase 

Neutral endopeptidase 

Dipeptidyl peptidase lV 

Phosphodiesterase 1 

Galactosyl (transferase) 

Basal-Lateral 

+ + Na -K -dependent ATPase 

2+ 2+ Ca -Mg -dependent ATPase 

Adenyl cyclase (PTH-stimu-
lated) 
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dSsociated with the br-ush border are hydrolases 

disaccharidases, peptidases, phosphatases ) presumaoly 

involved in reabsorption of glucose, ami.no acids, and other 

nutr-ients fr-om the luminal fluid. Gamma-glutamyl 

transpeptidase, for example, is thought to f uuction in amino 

acid transport via d cycle of enzymdtic reactioDs involving 

glutathione ( Meister 1973 ). A possible role of the 

disaccharidases in the transport of glucose has been 

proposed ( Sack tor, 1968 . • Sacktor and Berger,1969) The 

precise roles of the other hydrolases a.ce less well known, 

although other absorptive and secretory cell surfaces are 

rich in alkaline phosphatase and aminopeptidase. 

The basal-lateral surface is especially rich in (Na+-

K+)-ATPase, which plays an indirect cole in the ceabsorption 

process, as vill be discussed in a later ..:iection. 

Histochemical, immunocytocheaical, dnd microdissection 

techniques were also used to determine the suocellular 

location of these enzymes. These methods have shown that 

the hydrolases are found predominantly in the brush border 

membrane, and (Na+-K+)-ATPase in the basal-lateral membrane, 

of the proximal convol~ted tuoule epithelia. However, the 

same studies also indicate that these enzymes can .t>e found. 

in other cell membranes of the nephron and that the 

distr-ibutions or enrichments of such "markers" •ay De 
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dlteced in different species. For example, al.K.aline 

phosphatase has been found to be tightly bound to the 

microvillus matrix of isolated brush border mem~ranes 

(Thomas and 

Reale (1967) 

Kinne,1972). Histochemical studies by 

suggest that this enzyme may be present in the 

entire plasmalemma. Microdissection studies by Bonting,et 

al.,1958 point out that alkaline phosphatase is only twice 

as concentrated in the proximal tubule d.S in the distal 

tubule of man and is less active in the pcoxi11al tubule of 

man than in rat or do9. Sim~lar observations d.re mdde by 

Quirk and Robinson (1972) concernin-J dissachacidases and 

aminopeptidases. The distribution of aminopeptidases is 

further complicated by the number of di£ferent enzymes which 

can act upon the same substrate. (Na+-K~-ATPase has been 

reported to be present in both the brush border and basal-

lateral membranes of intestine dnd kidney (Quiqley and 

Gotterer,1972; Heidrich, et al.,1972; Liang an~ 

Sacktor.1972). A recent immunocytochemical study inuicates 

that Gamma-glutamyl transpeptidase is located in botn the 

brush border and basal-lateral membranes of rat {Spater,et 

al., 1982). 

The '1 uestion, 

best marker for 

Several different 

then, of which enzyme(s) serves as the 

the br~sh border is a complicated one. 

enzymes should be monitored to deter~ine 

the purity of a membrane preparation. 
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In accocdance with their structural, c~emical, aua 

biochemical differences, the brush border and basal-~ateral 

membranes exhibit functional polarity. To .be reabsorbed into 

the blood, nutrients must pass through both membraues. The 

types of transport systems, and their solute specificity, 

differ in the two surfaces. Table II gives a synop~is of 

these differences. Generally, the luminal memb£ane is rich 

in sodium cotransport systems, whereas the contra.luminal 

membrane has predollinantly simple facilitated diffusion 

systems. 

Isolation Me1!!_ods -The isolation of the luminal and 

contraluminal surfaces of the cellular envelope of 

epithelial cells is based on differences in composition. 

More specifically, they differ in buoyant density 

determined by the lipid to protein ratio) , surface 

properties (such as surface charge density), and resistance 

to mechanical or osmotic disruption. The effec~ of the 

method of cellular disruption on the size and shape o_f the 

isolated 

cellular 

plasma membrane 

organelles exist 

is uni<jue, Decause most otner 

in a ~re-determined size and 

shape. Different homogenization proceduces 

plasma membrane fragments of different sizes, 

to be separated from other organelles. Thus, 

can prodllce 

allowing the111 

the iuitial 

homogenization of the tissue represents a ccitical step in 

isolating plasma ~embranes. 
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Table II. Transport Systems in the Epithelial Cell Membrane 

Transport System 

Sodium cotransport 
systems 

ATP-dependent trans-
port 

Simple facilitated 
diffusion systems 

Brush Border Membrane Basal-Lateral Membrane 

D-hexoses, neutral am-
ino acids, acidic amin-
o acids, glutamine, 
taurine, L-lactate, 
Krebs cycle intermedi-
ates, protons(exchange 
inorganic phosphate, 
inorganic sulfate 

Protons 

para-aminohippurate, 
N-Methylnicotinamide, 
amino acids 

Acidic amino acids 

Sodium-potassium ex-
change, calcium 

Neutral amino acids, 
D-glucose, 2-deoxy-
D-glucose, para-amino-
hippurate, L-lactate, 
N'-methylnicotinamide, 
phosphate 
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The brush border vas tbe first of the two opposinq 

membrane surfaces to be isolated.Early techni~ues took 

advantage of the rigidity of the brush border during 

homogenization as compared to the !ability of tne Dasal-

lateral fragments. These methods, using multiple 

differential centrifugations followed by density gradients, 

rely on the original observation oL Tbuneberg and 

Rostgaard(1968) that the initial homogenization ot the 

kidney cortex must be gentle to minimize the sheacing of 

microvilli from the rest of the brush border ~emnrane;the 

microvilli sediment vith the microsomes. Large brush border 

fragments with attached microvilli are tocmed which differ 

enough from other organelles in sedimentation rate to allow 

their separation by sucrose density gradient centrifugation. 

Brush borders have been prepared in this way from rabbit ( 

Berger and Sacktor,1970; Aronson and Sacktor,1975), rat 

(Kinne and Kinne-Saffran,1969; Wilfong and Neville,1970) and 

human kidney (Scherberich,et al.,197~). Enzyme markers fo~ 

brush border are enriched 15-20 fold over homo~enate asing 

these methods. These large intact brush horde£ fraq•ents, 

however, often also include parts of the lateral plasma 

membranes, which remain physically attached and 

and Sacktor,1970; Kinne and 

cannot be 

Kinne-removed (Berger 

Saffran,1969). 

the me11brane 

(Murer, 1980) .. 

They also contain the ~ntervillous re9ion of 

where pinocytosis can be initiated 
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The pLesent method of choice for isolatiou oi brush 

border membranes takes advantage of 

density of this membrane. The 

the high surf ace charge 

technique is called 

differential precipitation and is based on the observation 

that millimolar concentrations of divalent cations, such as 

ca2+ and Mg2+, cause precipitation of mitochondria, 

lysosomes, basal-lateral plasmd membranes, dilQ microsomes. 

Luminal membranes remain in solution in the pr~sence of high 

levels of the divalent cations (Kamath,et al.,1971; 

Schenkman and Cinti,1972). This phenomenon is due to the 

ability of tl1e highly char':Jed brush border membrane to 

compensate the charge of the divalent cation 

intramembraneally.The basal-lateral membcanes and the 

intracellular organelles contain fewer neyative charges and 

cation-mediated crossli~iny or aggregation of the membranes 

occurs, vith subsequent precipitation. Differential 

precipitation has been used to isolate brush border 

membranes from intestine and kidney of a vdriety of species 

(Booth and Kenny,1974; Malathi,et al.,1979; Kessler,et 

al.,1978). The membranes obtained by this method are 

microvillo us vesicles, f ocmed f.co11 in di vidudl micro villi 

with no intervillous membrane and no attached ldteral plasma 

membrane. The method is very rapid and the vesicles seem 

well suited for transpoct studies However, the effect~ of 

the ca2+ or ag2+ ions on the brush border membrane structure 

and function is a matter of concern. These ions hav~ beeu 
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shown to cause aggregation, phase separation, and fusion of 

phospholipid vesicles (Papahajopoulos et al,1979; Ohnishi 

and Ito,1974) aud to affect the permeability an~ phase state 

of nataral cell membranes (Manery,1966; Weller and 

Haug,1977; Breton et al.,1977). 

Basal-lateral membranes from epithelial cells have also 

been isolated by differential centrifugation followed by 

separation on a density gradient (Ebel et al.,1~71; Liany 

and Sacktor,1977; Mircheff et al.,1979). The introduction of 

Percoll for gradient centrifugation has facilitated the 

development of less cumbersome procedures for basal-lateral 

membrane isolation from intestine and kidney (Scalera,et 

al.,1~80; Sacktor,et al.,1981; Inui,et al.,1981). 

In order to ideally compare the transport properties of 

the luminal and contraluminal cell membranes, isolation of 

the two membrane surfaces should take place at the same time 

and under identical conditions. The sucrose gradient 

procedure of Liang and Sacktor(1977) nearly achieves such an 

isolation. A procedure utilizing free-flow electrophuresis 

is tile only method thus far that truly effects simultaneous 

isolation under identical conditions. This method vas first 

employed by Heidrich et ai. (1972). In this procedure both 

size and charge differences of the tvo 

their electrophoretic mobility. 

membranes influence 

The less ne~ative 
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contraluminal membranes actually migrate faster to the anoJe 

than the highly negative luminal membcanes due to their 

different size dnd shape. Utilization of this technique is 

limited by the lack of the elaborate apparatus 1 the need 

for large amounts of tissue ( e.~., kidneys from 20 ratsj 

and by the low yield. 

Isolated Me111brane Vesicles as Tools if! ];ransport 

studies Many different approaches may be taken to 

investigate trans-epithelial transport in the kidney.While 

studies on the renal clearance of specific solutes by tne 

intact animal have contributed ~reatly to the understaudiny 

of the overall renal physiology, elucidation of the 

mechanism of t.J:"ansport of various solutes re~uires a more 

direct approach. l!! vivo 

techni~ues vere developed 

micropuncture and microperf usion 

to allow direct study of tne 

transepithelial transport process in individual ne~hrons. 

These techniques, however, are limited to iuvestigation of 

only those segments of the nephron which are readily 

accessible. For this reason, the technique of isoiated 

perfused tubules vas developed. This method allow~ the study 

of all the segments of the nephron and the manipulation of 

the external medium of the nephron, which is not as freely 

done in the in vivQ aiccoperfusion situation (Schafer,1981). 

In vitro tissue slice techni~ues have also been used to 

study renal transport. Although these techniques Jo uot 
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allow direct investigations on the epithilium itself, 

(Cross,1950), they have proved useful in investi~ating 

effects of nephrotoxins on organic acid or base transport 

(Hirsch,1976). 

Isolated membrane vesicles have several advantages ovei; 

the tissue and whole cell preparations for the study of 

transport 

tiotential 

processes. 

interfecence 

First, this tecbni~ue eliminates 

of intracellular components that 

could metdholize or bind the transported solute. Second, 

both the intra- and extra-Yesicular medium can be 

controlled, allowing the analysis of intracellular, as vell 

as extracellular, factors on transport processes. Third, the 

ability to isolate both luminal and contraluminal membrane 

vesicles from polar epithelial cells allows the study of the 

transport processes unique to each membrane surface of the 

cells. Studies with isolated membrane vesicles should, 

however, be compared to the intact cell or tissue. 

~eabrane vesicles, isolated from bacteria, ~ere founa 

useful for the study of transport processes as ea£1y as 1960 

(Kaback,1960). Later, similar studies vith intestinal 

(Hopfer et al., 197 3) and renal (Kinne et al., 1975) , 

membranes were initiated. Uptake of solutes into membrane 

vesicles is classically studied by a rapid filtration 
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technique. Vesicles are incubated in the presence of 

rddioactively labeled solute and then separdted fro~ the 

extra vesicular medium by filtration. Ihe 

retained on the filter represents solute 

transferred into the vesicles. 

radioactivity 

which hds been 

Interpretation of transport studies with ~solated 

membrane vesicles can be affected by the orientation of tu~ 

membranes and by whether there is binding of solute as well 

as uptake. Orientation of membrane vesicles refers to 

whether the extracellular surface faces the extravesicular 

medium (right -side out) or the intracelluldr surface faces 

the extravesicular medium ( in-side out). Both electron 

microscope freeze-fracture and immunological techniques have 

established that brush border vesicles isolated from 

intestine and kidney are predominantly (85~) oriented right-

side out (Haase,et al.,1978). Basal-lateral membraue 

vesicles, however, seem to have a random orientation 

(Kinne,et al.,1978). The unusual predominance of the ri~ht

side out orientation of brush border vesicles could be due 

to several factors (Haase,et dl.,1978) including 

l)electrostatic repulsion and steric hind.cance (Louvacd,et 

al.,1976), 2)asymmetric distribution of the phospholipids 

{Zwaal,et al.,1973; Tbompson,1976), and 3) the aoility of 

the actin filament network to stabilize this configuration 
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of the me~brdne (Booth and Kenuy,1976). 

One way to distinguish between uptake and oin~iny of 

solutes is to observe the osmotic sensitivity of the uptake. 

Increasing the osmolality of the medium outside the vesicle, 

by the addition of impermeant solutes, causes the vesicles 

to shrink. The amount of solute trans~orted is dependent on 

the intravesicular space which is inversely proportional to 

the osmolarity of the medium (Beck and Sacktor,1975). 

Epithelial Transport -Reabsorption of nutrients fro~ 

the gloaerular filtrate into the blood involves pa~sa~e of 

the nutrient through both faces of the epithelial cell. The 

luminal membrane contains a large number of sodium 

cotransport systems, whereas the contraluminal membrane has 

predominantly simple facilitated diffusion systems. These 

transport carriers are specific for their solates. In this 

way, the accumulation of each nutrient into the epLthelial 

cell and its exit from the cell can be controlled. The 

glucose transpoct system will be the focus of this study 

since it represents one of the best understood carriers and 

because glucosuria is a common symptom of nephrotoxicity. 

The passage of D-glucose across the luainal memb~ane 

into the epthelial cell occurs against a concentration 

gradient, by definition, an active transport process. 



19 

Studies on intact epithelia demonstrated that extracellulac 

sodium and the (Na+-K+)-ATPase are e~sential for the 

transport of glucose and other solutes (Crane,1~77; 

Schultz, 1979; Ullcich, 1980). Direct couplint) between sodium 

and solute was not defined until experiments with isolated 

brush border vesicles were performed by Hopfer, et al., 

(1973) who demonstrated that the initial rate of uptake of 

D-glucose by intestinal Lrusb border membrane vesicle£ is 

enhanced specifically by extracellulac sodium. It is now 

established that one Na+ ion is cotransported with every 

glucose molecule. Unlike most active transport processes, 

the energy source for glucose uptake is not derived from a 

direct coupling of the aembrane carrier to metabolism. The 

energy is supplied indirectly by the Na+ and K+ dependent 

ATPase located predominantly in the contraluminal membrane. 

By extruding sodium froa the cytoplasm, the (Na+-K+)-ATPase 

at the basal surface creates a chemical gradient at the 

luainal surface which favors Na+ entry from the lumen. 

Glucose can then move uphill into the cell, driven DY the 

Na+ gradient (Crane,1962). This concept is not unliKe 

Mitchell's chemiosaotic theory 11here proton gradients drive 

oxidative phosphorylation (Mitcheil,1976). Other studies 

(Beck and sacktor,1975; Murer and Hopfer,1974) indLcate that 

the Na+-dependent transport of D -glucose into brush border 

vesicles is an electrogenic 

that both the sodium 

process. These results .:-.iJU<J'1est 

concentration gcadient and an 
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electrical potential across the me~ordne contrivute to uet 

glucose f lu.x .. 

once in the cell, the glucose can move through the 

basal membrane by another carrier to the blood via 

"downhill" diffusion.The glucose carrier at the 

contraluminal membrane, therefore, must not be dependent on 

sodium since the (Na+-K+)-ATPase keeps the intracellular Na+ 

concentration low. Studies with isolated basal-lateral 

vesicles show that glucose transport at this surface is, 

indeed, independent of Na+ (Turner and Silverman, 1978). 

Heavl aetal Nephrotoxicity -Heavy metals, particularly 

cadmium and mercury, are known to cause p£oximal tubule 

damage,as evidenced by increased excretion of ~roteins, 

amino acids, and glucose in the urine of exposed humans 

(Schreiner and Maher,1965). Rothstein, in 1959, was the 

first investigator to postulate that such metals e~erted 

cellular toxicity via their interactions with membranes 

{Rothstein et al., 1959).He provided examples ot how the 

permeability of membranes could be altered by the reaction 

of heavy metals with protein components 0£ the membranes. 

Functional groups of proteins which are often modified by 

heavy metals include sulfhydryl, carboxyl, phosphoryl, 

imidazole, and amino groups. In addition to protein 

modification, heavy metals Cdn also interact strongly with 
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the lipid components of membranes. 

In the kidney, the effects of the interaction of heavy 

metals with aembranes include changes in passive ion 

pecmeability, ion-transport ATPases, and Na+-coupled 

transport (Pritchard,1979). Foulkes and dssociates 

(Foulkes,1971; Foulkes and Gieske,1~73; Gies.Ate and 

Foulkes,1974) have used in vivo techni~ues to describe the 

various effects of specific heavy metals (mercury, cadmiuw, 

uranium) on the luminal and peritubular uptake of acidic and 

neutral amino acids. Unfortunately, such studies cannot 

describe the mechanism whereby the metal adversely etfects 

the trans?ort process. A toxic compound could act on the 

transport process in four Mays, by 1) affecting the carrier 

itself, 2) inhibiting the (Na+-K+)-ATPase needed to mainLain 

the Na+ gradient, 3) inhibiting oxidative phosphorylation, 

thereby decreasing the supply of ATP needed to maintdiD the 

sodium pump, and, 

of the membrdne. 

discriminate amon9 

has been seen that 

4) intecacting with the lipid components 

Isolated membrane vesicles allow one to 

these modes of action. For example,it 

mercuric chloride, and other soluble 

mercury compounds, seem to inhibit the carrier to£ D-glucose 

in intestinal brush border vesicles (Klip et al.,1980; 

Miller, et al.,1980). 

This thesis describes a procedure for simultaneously 
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isoldt1ng brush border and basal-laterdl membranes uader 

identical conditions. Simultaneous iso~ation will allow 

investigation and comparison of the toxic e.ffects of metals, 

and other nepnrotoxins, on the carriers in both membrane 

surfaces of the proximal tubule epithelial cell, as well as 

the effects on the (Na+-K+)-ATPase, located in the vasal-

lateral membrane. 

In this study, cadmium toxicity is investigated. 

Although the industrial use of cadmium is under growing 

restraint, its continued contamination of the envi~onment is 

inevitable since cadaium is a by-product of the large zinc 

ore industry.Longterm ex~osure Lesults in cadmium 

accumulation in the kidneys. The metal appears to ue stored 

as cadmium-metallothionein. The role of cadmium-

metallothionein in 

renal excretion 

the transtJort, 

of cadaium 

renal absorption, and 

is being investigated 

(Foulkes,1978i Foul~es,1978b; Suzuti and Iamamuca,1979; 

Selenke and Foulkes,1981; jomiyama and Foul~es,1977). The 

Kidney is also the organ which exhibits the ficst adverse 

effects in man foliowing lon~-term excessive exposure to 

cadmium (Nordberg 1976).The chronic effects include both 

glucosuria and amino aciduria. It nas not been established 

if cadmium interacts with the carriers of these nutrients or 

inhibits their reabsorption by indirect means. lhis tBesis 

presents some res~lts concerning the effect of cadmium on 
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glucose uptake into brush border vesicles. 
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1it&r:_S:ture Reyie_!! .2.lli!l.!:!££Y -Tne brush border c:.r.c. b;;;.sal.-

lateral surfaces of the Kidney proximal tubule epitheliel 

cells dirt.er in their structure, enzj'Ine compont:nts, ~na 

transport p~ocesses. Once tnese two differen~ memnrane 

surfaces are separated anu ~soldtea as suspension3 Of 

~embrane vesicles, they can be used to staJy the direct 

effect~ of nephrotoxins on transpor~ processes of ~ne 

nephron. Heavy metals, such as mercury and catlmium, are 

nephrctoxin.s of particu.1..ar interest si.uce they c:i.CE: ne.l.i8ved 

to exert their toxicity 

components of ~itlney cells. 

by interacting with memorane 



Experimental Procedures 

Materials - Percoll was obtained fro• Pharm4cia Fine 

Chemicals (Uppsala,Sweden). Leucine-ueta-Napbthylamide, 

gamma-N-glutaayl-beta-naphthylamide, beta -naphthylaaine,and 

fluorescamine were from Sigma Chemical Coapany (St~Louis 

Missouri). Umbelliferone phosphate was obtained from 

Reasearch Organics (Cleveland,O~io). Filters, HA 0.45um, 

25mm, were from Millipore Cor~. (Bedford,Massachusett~). D-

[ u-1 •c ]-glucose was from Ame.cs ham (Ai: lington 

Heights,Illinois),batches had 

270,283, and 296 aCi/amol. 

specific activities of 

Enzyme Assays Sodium and potassium dependent 

adenosine triphosphatase, (Na+-K+)-ATPase, was assayed by 

measuring the difference between phosphdte released after 

incubation of enzyme with ATP plus Mg2+,Na•,and K+ and with 

ATP plus Mg2+ alone ( Quigley and Gotterer,1972). The 

Na+,K+,Mg2+ ATPase assay mixtui:e contained lmM Tris/ATP,pH 

7.0, 100mM NaCl, 10mH KCl, JmM MgCl~· and 10a~ imidazole, ~H 

7.0.The Mg2+ ATPase assay mixture contained 1mM Tris/ATP, pH 

7. 0, 3mM 11gc32 and 10aP1 imidazole, pH 7. 0. Samples were 

assayed in triplicate, and olanks in duplicate. For each 

assay,0.5 al of reaction mixture was pre-incubated at 37° 

25 
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for 10 minutes. At timed intervals, 10-30 ul of enzyme 

prepa~ation containing about 50 to 100 ug of protein, ~ere 

added to the reaction mixtures to initidte the reaction. 

After exactly 10 minutes of incubation at 37°c, 1.5mls of 

ice-cold 101 'fCA was added to each sample to stop the 

reaction. The phosphate released was then quantified 

spectrophotmetrically by 

al.,1956). To each 

a phosphate 

sample, 2 

assay 

11ls of 

(Cllen,et 

phosphate 

reagent,containing a 1: 2: 1: 1 ratio of 6 N ff i>o4 ,H 2 o, 2. 5% 

ammonium 11olybdate,and 10% ascorbate, were added at timed 

intervals. A reduced phosphoaolybdate complex is formed 

during incubation and can be ~uantified by absorbance at 

820nm. All samples vere incubated at 45°c, and absorbance 

at 820nm was read after 20 minutes of incubation. 

Leucine aminopeptidase was assayed fluocometrically, 

using leucine-beta -naphthylamide as substrate(George and 

Kenny,1973). In a 3ml yuartz cuvette, 10-50ul of enzyme 

preparation (1-6 mg/ml) were added to the subst£ate solution 

( 0.2 mM leucinenaphthylamide in a SOmM mannitol, 2mM Tri~

HCl buffer, pH 7.5) to a final volume of 2ml. Release of the 

product, beta-naphthylamine, was monitored continuously at 

room temperature with an Aminco-Bowman spectrof luorometer at 

an excitation wavelength of 335nm and emission wavelength of 

415 nm. The quantity of product released was determined by 

relatin~ the fluorescence change to a standard curve of 
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beta-naphthylamine. Care must be taken in handling tnis 

product since it is a suspected carcinogen. 

Gamma-glutamyl transpeptidase vas dssayed similarly, 

using gamma-N-glutamyl -beta-naphthylamide as the donor 

amide and glycylglycine as acceptor peptide (Geor~e and 

Kenny,1973). The substrate solution contained J.2mM gamma-

N-glutamylbeta-naphthylamide, JmM glycylglycine, O.lM Tris-

HCl, pH 8.5. The assay procedure was as described above for 

leucine aminopeptidase. 

Alkaline phosphatase was also assayed fluoro.111etrically 

using umhelliferone phosphate as substrate (Six,et 

al., 1974). The substcate solution contained 1mM 

umbellifecone phosphate in 0.5M Tris-HCl, ~ff 8.6. In a 3 ml 

quartz cuvette, 10-SOul of the enzyme preparation (1-6 

mg/ml) were added to sufficient substrate solution to yield 

a final volume of 2ml. Release of the product, 

7-hydroxycoumarin (umbelliferone) ,was monitored continuously 

at room temperatuce with an Aminco-~owman spectrof luorometer 

using an excitation wavelength of 350nm and an em~ssion 

wavelength of 453na. The quantity of product toLmed was 

determined by relating the fluorescence change to a standard 

curve of 7-hydroxycoamarin. 

Succinate-cytochrome c reductdse WdS assayed by the 
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method of Tisdale (1967). The reaction aixtuce contained 

0.1mM cytochrome c, luM KCN, and 0.01 mM succinic acid in a 

50 mM potassium phosphate 1mM EDTA buffer, pH 7.q. The 

reaction was initiated by adding 10 ul of sample (about 4 

mg/ml) to 1ml of reaction mixture in a 1.2 ml cuvette. Tne 

reduction of cytocbro•e c, indicated by an increase in 

absorbance at 550nm, was monitored continuously. 

NADPH-cytochroae c reductase was dssayed similarly. The 

reaction mixture contained 0.05 mM cytochrome c, 0.01/\ 

NADPH, and 0.01 mM KCN Ln a 50 mM potassium phosphate 

buffer, pH 7.7 (Mackler, 1967). 

Acid phosphatase was assayed oy continuously 

monitoring, at 300 nm, the release of salicylic acid from o-

carboiyphenyl phosphate in an acidic buff er (Worthin~ton 

Enzyme Manual).The reaction miiture contained 0.73 aM o-

carboxyphenyl phosphate in a 0.15 M sodium acetate buffer, 

pH 5.0. In a 1.2 ml cuvette, 5- 10 ul of sa11ple (10-20 

mg/ml} were added to 1 ml of reaction mixture to initiate 

the .i:eaction. The increase in absorbance at JOOnm 

represented product released. 

Protein and DNA dete£ainations - Protein was determined 

f luorome ti:ica.lly by the method of Bohlen, et al., ( 1ij73) 

which is based on the interaction of fluorescamine with 
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~rimary amino groups. Lysozyme was used dS the standard. 

DNA was determined by the method of Burton{1968), based on 

the reaction of diphenylamine with deoxyribose. Calf thymus 

DNA was used as the standard. 

Electron Mi££2§~ Membrane preparations were fixed in 

2.5%glutaraldehyde, post-fixed with 1~ osmium tetraoxide, 

and stained with 21 uranyl acetate,by a standdrd procedure. 

It was not necessary to mix these preparations with agar 

before post-fixing since the glutaraldehyde-fixed membranes 

focmed a hard pellet upon centrifugation at 34,000 x g for 

30 minutes. 

Sucrose Gradient ~ethod of Simultaneous Isolation of 

Brush Border and Basal-Lateral Membr~ Vesicles - This 

procedure is based on the published method of Liang(1977}, 

with some modification. A crude plasma membrane fraction was 

prepared from 10g of hog renal cortei by the proceduce of 

Sacktor et al.,(1981). The tissue was minced in a "Victis" 

homogenizer in 20 volumes of buffer containing 0.25 M 

sucrose, 1 al! EDTA, 10 11M Tris-HCl, pH 7. 5, and was then 

homogenized by a Potter-Elvehjem homogenizer with a motor-

driven pestle. The homogenate vas centrifuged at 2,500 x g 

for 15 min. The pellet was discarded and the supernatant wa~ 

centrifuged at 24,000 x y for 20 min. The flutfy upper 

portion of the pellet, representing the crude plasma 
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membrane fraction, was resuspended in the sucrose buffer and 

layered onto a 30 ml continuous, linear, sucrose ~rddient 

with the concentration ranging from 32.5~ to 41.Si (w/w) 

sucrose, dissolved in 10 mM Tris-HCl, 1 mM EDTA buffer,pli 

7.5 (buffer B). The gradient was centrifuged for 1 hr at 

105,000 x gin a Beckman swinging bucket rotor tsw 27), and 

was allowed to stop without braking. Fcactions vece 

collected from the bottom of the tube while controlling the 

flow-rate with a ground-ylass 

diluted with one-half volume of 

syringe. Each trdctio~ was 

buffer B and cenlrif ugcd at 

30, 000 x g for 15 minutes to wash the membraJles. The pel.lets 

were each resuspended in 1.5 ml of 2 m~ Tris-Hcl. pH 7.5, 

and were assayed for leucine a.minopeptid.t.se and (Na+-

k+)-ATPase activity. Fractions representinq basal-lateral 

and brush border •embraoes were pooled and washed as 

described above. 

Percoll .!!ethod of Simultaneous Isolation ~.! Brush 

Bord!!f: and Basal-Lateral ~brane Vesicles - The development 

of the following procedure was based on published procedures 

of Scalera et al.,(1980),Sacktor et al.,(1981).and Lnui et 

al., (1981) who had designed methods for isolating basa1-

lateral membrane vesicles by utilizing t.he self-forming 

shallow ~radient capdbilities of Percoll. Percoll is 

composed of polyYinylpyrrolidone-coated silica particles 

which are able to form isotonic density gradients i.11 ~itu .. 
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It was noted that certain fractions of the 9radient were 

high in brush borcte·r enzyme activity. The modified proceduc~ 

described here succeeds in isolating both membrane 

fractions. 

To insure a gent1e ho11ogeDization, only kidneys trow 

young hogs were used for this procedure, since the tissue 

from older pigs was found to be too tough. Kidneys vere 

obtained from the Departaent of Food Science and Technology, 

VPI, Blacksburg and from Yalleydale Meatpackers, ~ristol, 

Va. The kidneys vere stored on ice from the time of 

slaughter to the start of the preparation, which was 

approximately two and one-half hours for kidneys obtained 

from Bristol. A thin, outer-layer, of tissue was removed 

from a lateral face of one kidney and a thick slice of 

cortex,about 3-4 mm, was cut from this fac~. 

the renal cortex tissue vas passed through 

Nine grams of 

a hand-operated 

tissue press equipped with a 1.5 a.11 pore sized scree.n ( EDCO 

Scientific). This device peraits rapid mincing of tile 

tissue. The minced tissue was homogenized in 5 volumes of 

cold buffer containing 0.25 M sucrose, 1aM EDTA, 10 mM Tris-

HCl, pH 7.5 (buff er A) with 10 strokes of a Dounce 

homogenizer, using a loose-fitting pestle. The ho111o<Jenate 

was briefly centrifuged by allowing the ceotrif uge to reach 

2400 x g and then stopping it iamediateiy. Tne pellet which 

resulted ~as discarded. This step allows tae reaoval of cell 
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debcis. The supernatdnt was centrifuged dt 2400 x g for 15 

minutes and the pellet was discarded. The supernatant and 

fluffy sedi.11ent vere centrifuged at 20,500 x g for 20 llin. 

The resulting supecnatant and the hard pellet were 

discarded. The fluffy portion of the pellet, representing 

tne crude plasma membrane preparation, was resuspended in 

buffer A with 10 strokes of a Potter-Elvehjem homoqenizer 

with a motor-driven pestle. The membrane suspension was 

mixed with Percoll and buffer A using a Dounce homo~enizer 

with a tight-fitting pestle to obtain 30 ml of a 13• (v/v) 

Percoll solution. The membrane-Percoll mixture was 

centrifuged in cellulose nitrate tu.bes with caps, us.iog a 

Beckman 50.2Ti rotor at 48,000 x g for 30 .11inutes to form 

Fractions of 1 mi the firs~ gradient. 

the top of the tubes using an ISCO 

pumping a 50i sucrose fractionator and 

were collected from 

density gradient 

solution into the 

bottom of the tube. Fractions vere assayed for (Na+-

K+)-ATPase and leucine aminopeptidase, marker enzymes for 

the basal-lateral and brush border membranes, res~ectively. 

Fractions were pooled based on these activities, diluted 

with buffer A, and centrifuged at 100,000 x g for 1 hour to 

remove Percoll. The consolidated, partially purified 

preparation of brush border membranes was mixed with Percoll 

and .buffer A, usinq a Douace homogenizer with a tight-

fitting pestle, to obtain JO 111 of a 201 (v/vj .Percoll 

solution. The crude basal-lateral preparation was similarly 
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resuspended in a final Percoll concentration of either 13~ 

or 8. )~ (Y/V). The membcane-Percoll mixtures were 

centrifuged as described above to form the second ~radient~, 

fractions were collected, assayed, ~ooled, and vasaed as 

before. The final membrane preparations were resuspended in 

100 mM mannitol, 10 mff Tr.is-Elepes, pli 7. 4 and centrifuged at 

48,000 x g for 30 minutes. The finai pellets wece 

resuspended in 

passage thr-ough 

a minimum amount of the sa11e buffer- by 

a tine needle (26 gauye) 

syringe. Transport 

immediately. 

and enzyme dSsays 

Differential Pcecifil:tation .tt~thod 

with a plastic 

were perf oraed 

of lirush Jorder 

Membrane Isolation - This is the current method of cnoice of 

most investigators for isolation of brush border meabraues, 

due to the short preparation time and high purity resulting 

from its application. What follows is the method ddopted by 

Malathi,et al., ( 1979). 

Six grams of fresh pig renal cortex, obtained in the 

same manner as in the preceding procedure, were homogenized 

in 30 volumes (v/v) of cold 50 11M mannitol, 2 mM 'fcis-HCl, 

pH 7.0 ( buffer M) for 5 minutes in a Waring blendor with 

intermittent cooling on ice. A sample of the homogenate was 

saved for assay later. While stirring for 10 min., 1 M CaC12 

was added d:ropwise to the homogenate to a final 
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concentration of 10 mM. The homogenate was then centrifuged 

at 3000 x g for 15 minutes and the pellet was discarded. The 

supernatant was centrifuged dt 43,000 x g for 20 minutes. 

The pellet was resuspended in buffer M by pas.sage through a 

fine needle with a plastic syringe, and the suspension was 

centrifuged again at 43,000 i g for 20 minutes. The final 

pellet was then resuspended with a syringe in 100 mM 

mannitol, 10 mM Tris-Hepes, pH 7.4. Transport and enzyme 

assays were performed immediately. 

Glucose Uptake Assay - l rapid filtration tecnni~ue tor 

deteraining initial glucose uptake ~nto vesicles in the 

presence of an imposed NaCl gradient was used, as described 

by Mamelok,et al.,(1981) with some modification. The sodium-

dependent uptake reaction .11ixture contained a final 

concentration of 100 mM mannitol, 100 aa NaCl, 1 mM o-
glucose containing 5 uCi/200 ol of reaction aixture of D-

[ t •c ]-glucose in 1 O 11ft 'Iris-Hepes 1 pH 7. 4. 

Membrane vesicies we re pre pared fresh and were 

resuspended in a buffer containing 100 •M mann~tol, 10 mM 

Tris-Hepes, pH 7.4, at a final protein concentration of 

approximately 15 mq/al. In separate tubes, 200 ul of 

reaction mixture and 100 ul of vesicles were pre-incubated 

at 25°c for 5 ainutes. Glucose uptake was initiated by 

adding 70 ul of vesicles, approiimately 1 mg of protein, to 
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the reaction mixture and startin~ a timer simulta~eously. 

Aliquots of 20 u1 were removed dnd added,dt timed intervdls, 

to about 2 ml of cold "stop" solution containing 150 mM 

NaCl, 0.2 mM phlorizin, 100 mM mannitol, and 10 mM Tris-

Hepes, pH 7.4. The stop solution was held in the chilled 

wells of a filtcation apparatus ( Hoefer Scientific). 

Exactly 1 minute after placing the vesicles in the wells, 

the solution was passed through the supporting filter by 

opening the well stopcock to the vacuum manifold. The 

filters were placed into scintillation vials and dried .toe 

10 ~inutes in an ao0 c oven. Scintillation fluid, 10 ml, was 

added to each vial and the radioactivity retained on the 

filters, representing glucose associated with the vesicles, 

was counted. 

Effect of Heavy !etal Ions Q.!! Glucose ]2.!:ake - A study 

by Miller et al.,(1980) indicated that vesicles should be 

pre-incubated in the presence of 

initiation of the glucose uptake assay. 

metal ions before 

A five minute pre-

incubation was found to be sufficient, showing no difference 

£rom longer incubations of up to 30 minutes. Citrate was 

added to all .metal ion solutions in the ratio of 2 moles 

citrate/mole metal ion to insure the solubility of the metal 

ion. A 10 ul volume of an appropriate concentration of metal 

chloride solution was added to 0.1 ml of vesicles (15 mg/ml) 

to a final desired metal ion concentration. The Na-dependent 
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ceaction mixture wds also Lrouyht to the same metal ion 

concentration by addition of metal chloriJe solution, t~ 

prevent a possible change in t.he binding eyailibrium of the 

metal ion upon dilution of the vesicle-metal preparation iu 

the reaction mixture. The vesicle-metal ion preparation and 

metal-containing reaction mixture were pre-incubated for 5 

minutes at 25°c. Glucose uptake was then assayed as 

described previously. Control vesicles and reaction mixture 

contained comparable amounts of citrate without metal ion. 

Eff~ of Cadaium Q~ Brush Bordef Enzyme ActivitI - As 

with the glucose uptake assay described aaove, vesicles were 

pre-incubated for 5 minutes with cd2+, then added to 

reaction mixtures which contained equivalent concentrations 

of the metal. In a 3 ml cuvette, 1.91 ml of substrate 

solution ( see procedures for leucine aminopeptidase, gawma-

glutamyl transpeptidase and alkaline phosphatase) vere mixed 

with 40 ul of an appropriate cadmium chloride solution, to a 

final desired aetal ion concentration. The vesicle 

preparation, 0.2 ml containing 0.1 to 1.0 mg of proteiu, was 

pre-incubated with 4 ul of an appropriate cadaium chloride 

solution for 5-10 minutes at room temperature. To initiate 

the reaction, 50 ul of the vesicle suspension was added to 

the cuvette. Product formation was monitored as described 

previously. 



Results 

Sucrose Gradient ttethod of 

Brush Border ~g Basal-Lateral 

Simultaneous Isolation 

Membrane Vesicle.;;> -As 

dicussed in the Literature Review, simultaneous isolation of 

the opposing faces of the renal epitheiial cell membrane has 

been previously achieved by the methods ot free-flow 

electrophoresis and sucrose density gradient centrifugation. 

A sucrose gradient procedure was attempted in our 

experiments with little success. Fig.2 illustrates the 

profile of (Na+-K+)-ATPase and LAP activity found in the 

fractions collected from the gradient. Both activities vere 

present in fractions 4-6, at the top or low density region 

of the gradient. (Na+-K+)-ATPase activity also showed a 

slight peak in fractions 10-12. According to the published 

procedure (Liang and Sacktor,1977), the brush border 

membranes are found at a low density, and the basdl-late.cal 

membcanes at a high density, cegion of the sucrose gradient. 

Fractions 4-6, and 10-12, were pooled separately and washed 

to remove excess sucrose. The enrichment of 11a.cke.c enzyme 

activity in the final preparations is shown in Table III. 

The basal-lateral preparation did not shov a significant 

enrichment of (Na+-K+)-l'?Pase. The brush border p.ceparation 

shoved a 4-fold enrichment of (Na+-K+)-ATPase, which was 

37 
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Figure 2. Distribution of Enzyme Activities in Sucrose Gradient 

A crude plasma membrane fraction was prepared from pig kidney cortex and 
centrifuged on a 31.5% to 41.5% sucrose gradient, as described in the 
Experimental Procedures. Fractions were collected from the bottom of the 
tube into 16 fractions of 2 ml and were assayed for enzyme activity. 
Fractions are numbered from the lowest density region of the gradient 
to the highest density region. 
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Table IIIo Enrichment Factors for Marker Enzymes 

Brush border and basal-lateral plasma membrane fractions were prepared 
from pig kidney cortex by the sucrose gradient method described in the 
Experimental Procedures. The enrichment factors are expressed as the 
ratio of the specific activities of the membrane fractions to that of the 
cortex homogenateo Only one preparation, representing the most success-
ful of several attempts, is represented. 



41 

Table III. Enrichment Factors for Marker Enzymes 

(Na-K)-ATPase [.eucine Amino-
Peptidase 

Brush Border 4.0 6.0 

Basal-Lateral 1.1 1.9 
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also seen by Liang and Sacktor(1977), 

enrichment of LAP.Liang and Sacktor (1977) 

10-fold enrichment of LAP. 

and a 6-f olci 

retJorted about 

The brush border preparation shows dn enrichment ot 

marker enzyme activity almost comparable co the published 

values, but the basal-lateral prepardtion did not snow an 

acceptable enrichment of (Na+-K+)-ATPase. For the~e 

reasons, this procedure was no longer used. 

Percoll Method 2! Simultaneous Isolation 

Border and Basal-Lateral Membrane Vesicles 

illustrates the distribution pattern of 

of Brus_!! 

Fig. 3 

leucine 

aminopeptidase, a marker enzyme for brush bocder membranes, 

and (Na+-K+)-ATPase, a aarker enzyme for basal-lateral 

membranes, after centrifuging the crude plasma membrane 

preparation in 13% (v/v) Percoll medium. The distribution of 

gamma-glutamyl transpeptidase and of dlkaline phosphatase 

followed a similar pattern as that of leucine aminopeptida~e 

(not shown). The (Na+-K+)-ATPase profile exhi.bited a 

prominent peak between fractions 9 and 12.Two peaks of 

Leucine aminopeptidase activity were seen, one peak 

corresponding to that of the (Na+-K+)-ATPase, the other 

appearing in the higher density region between tractions 22. 

and 28. Fractions 9 thcough 12 were pooled as the oasal-

lateral membrane fraction and 22 through 28 as the brush 
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Figure 3. Distribution of Enzyme Activities in Percoll Gradient 

A crude plasma membrane preparation was isolated from pig kidney cortex, 
suspended in 13% Percoll (v/v), and centrifuged as described in Experi-
Pfocedures. Fractions were collected from the top of the gradient into 
30 fractions of 1 ml and were assayedo Fractions are numbered from the 
top of the tube to the bottbmo 
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border fraction. Table IV shows tbe relative enrichment of 

marker enzymes associated with the uasal-lateral and brush 

border membranes. The values indicatB the relative 

enrichment of activity over that of the homogenate in the 

fractions pooled from the first gradient, identified as the 

crude brush border and basal -lateral preparations.The crude 

basal-lateral preparation had substantial enrichment of 

(Na+-K+)-ATPase, bQt also appeared to be contaminated with 

leucine a.minopeptidase (LAP) activity. The crude brush 

border pre para ti on had enr LCh11ent of LAP, but .Lt was only 

about 50% as high as the enrichment seen in tbe brush border 

membranes (BBMs) prepared by other methods (Malatbi,et 

al.,1979; Liang and Sacktor,1977). Tbe crude brush ooruer 

also had enrichment of (Na+-K+)-ATPase. 

In an attempt to improve the purity of the membranes, 

both preparations vere centrifuged in d second Percoll 

gradient solution • The crude basal-lateral preparation was 

resuspended in 13% Percoll,and the crude brush border 

preparation was resuspended in 20J Percoll (V/Y). 

The basal-latera.l membcanes in the second gradient 

formed a single band with (Na+-K+)-AlPase activity present 

in fractions 9-12. These fractions were pooled and washed. 

The ccude brush border preparation formed two distinc~ Dauds 

in the second gradient. The distribution of LAP activity in 
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Table IV. Enrichment Factors for Marker Enzymes 

Brush Border and basal-lateral membrane vesicles were prepared from 
fresh pig kidney cortex by the Percoll Method described in the Experi-
mental Procedureso The enrichment factors are expressed as the ratio of 
the specific activities of the membrane fractions to that of the cortex 
homogenate. The values are means ± standard deviation calculated from 
assays performed on five preparations. 



TableIV. Enrichment Factors for Marker Enzymes 

(Na-K)-ATPase Leucine Amino- Succinate Cyt. Acid Phospha- DNA 
Peptidase C Reductase tase 

Crude Brush 
Border 1.65 + 0.07 5.2 + o.o -

Crude Basal-
Lateral 8.2 + 1.1 3.05 + 0.07 -
Brush Border 
Band 1 5.0 + o.o 4.75 + 0.07 -

Brush Border 
Band 2 0.93 + 0.6 7.95 + 2.2 3.0 + 1.1 1.6 ± o. 86 0.60 -

Basal-Lateral 
7.5 + 3.4 3.2 + 1.0 1.2 + 1.5 1.3 + 0.6 3.0 - - - -
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the 20~ (v/v) Percoll gradient is shown in Fig. 4, with two 

peaks of activity corresponding to tne two Dand.s seen in to.e 

gradient. Fractions 8-13 and 21-27 were pooled se~arately 

and washed. The enrichment of llci.rker enzymes in the basa.l-

lateral preparation and in both pools of the brush border 

preparation are reported in Table IV. The higher density 

pool of the brush border preparation, band 2, exhibited 

higher LAP enrichment and less (Nd+-K+)-ATPase than tbe 

cruJe preparation and band 1. Thi.s prepar:ation represented 

the purest brush border membrane fraction obtained thus iar 

by Percoll density gradient centrifugation. The second 

gradient had no effect on the marker enzyme activity of the 

crude basal-lateral preparation. 

Figs. 5-8 are electron microqraphs of t~e basai-lateral 

and brush horde£ membranes isolated by this procedure. The 

basal-lateral 11e11brdnes appear- sharply delineatE!d, with the 

membrane appearing as a tcilaminar structure, typical of 

this type of plasma membrane. The brush Lorder membranes 

exhibit a dark, thick coat and intact microvilli can be 

seen. Both preparations appeared to hdve mitochondrial 

contamination. Succinate-cytochrome c ceductase activity 

indicated that the mitochondrial contaminatioa in the brush 

border is significantly high, shoving three-fold enrichment 

over the homogenate (Table IV). The basal-lateral membrane 

traction also appeared to be contaminated by chromatin, as 
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Figure 4. Distribution of LAP Activity in 20% Percoll 

A crude brush border membrane fraction was isolated by centrifuging a 
crude plasma membrane preparation in ii% ~ercoll and pooling the frac-
tions high in LAP activity, low in (Na -K )-ATPase activity. The brush 
border membranes were then resuspended in 20% (v/v) Percoll and centri-
fuged as described in Experimental Procedures. 30 fractions of 1 ml were 
collected from the top of the gradient and assayed for LAP activityo The 
fractions are numbered from the top of the gradient to the bottom, that 
is from the lowest density to the highest. 
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Figure 5. Electron Micrograph of Brush Border Preparation 

Brush border membranes were isolated from pig kidney cortex by separ-
ating a crude plasma membrane preparation on two successive Perc~ll+ 
gradients, pooling fractions high in LAP activity and low in (Na -K )-
ATPase. The final brush border membrane preparation was fixed in 2.5% 
glutaraldehyde, post-fixed in 1% osmium tetraoxide, and stained with 
2% uranyl acetate. Many closed vesicles of brush border membrane are 
seen (BB). Intact microvilli (MV) and mitochondria (MT) are also visible. 
(Magnification x 30,000). 
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Figure 5. 
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Figure 6. Electron Micrograph of Brush Border Membranes 

Membranes were prepared and stained as in Figo5. The dark-staining mem-
brane coat, characteristic of brush border membranes is seen (BB). (Mag-
nification x 100,000). 
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Figure 6. 
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Figure 7o Electron Micrograph of Basal-Lateral Membranes 

Basal-lateral membrane vesicles were isolated from pig kidney cortex by 
separating a crude plasma membrane prepa~ation on two successive Percell 
gradients, pooling fractions high in (Na -K )-ATPase activity and low in 
LAP activity. The f~nal basal-lateral membrane suspension was fixed and 
stained as described in Fig.5 and in the Experimental Procedures. Closed 
basal-lateral vesicles are seen (BL). Lysosomes (LY), mitochondria (MT) 
and chromatin (CH) are also visible. (Magnification x 30,000). 
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Figure 7. 
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Figure 8. Electron Micrograph of Basal-Lateral Membranes 

Basal-lateral membranes were prepared and stained as described in Figo7. 
The clearly defined, tri-laminar membrane, characteristic of basal-
lateral membrane vesicles, is visible. (Magnification x 100,000). 
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Figure 8. 
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observed by the electron microscope. This was conf irmeJ by a 

DNA assay. This basal-lateral membrane preparation had a 

3-fold enrichment of DNA over tnat of the homogenate (Table 

IV). 

Further attempts were made to iaprove the purity of the 

membranes by altering the density gradients, applying an 

additional gradient or by collecting different fractions. 

The results of a final attempt to achieve improved 

purification are shown in Table v. The procedure used here 

diffeC'etl from the previously described Percoll .met.Dod in 

only two steps. First, lower density fractions (16-26) were 

collected from the second brush bordeC' gi:adient based on 

specific activity, rather than total activity, per fraction. 

Second,the crude basal-lateral preparation was centrifuged 

in 8.3~ (v/v) Percoll, resulting in the a~peaLance of two 

bands. The upper, or lover density, Da~d -as enriched 

22-f old in DNA. 

These alterations appeared to 1) increase LAP 

enrichment by 50% in the brush border, 2) increase 

(Na+K+)-ATPase activity Q-fold in the brush border fraction, 

3) slightly increase (Na+-K+)-ATPase slightly in the Odsal-

lateral fraction, and 4) increase LAP enrichment by fouc-

fold in the basal-lateral traction. overall, these 

alterations did not improve the marker enzyme enrich•~nt nut 
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Table Vo Enrichment Factors for Marker Enzymes 

Brush border and basal-lateral membrane vesicles were prepared simul-
taneously from fresh pig cortex by the Percoll Method described in the 
Experimental Procedures, with the modifications described in the Results. 
Brush Border vesicles alone were prepared from fresh pig cortex by the 
CaC12 precipitation method also described in the Experimental Procedures. 
The enrichment factors are the ratio of the specific activities of the 
membrane fractions to that of the cortex homogenate. The values are the 
averages + ranges calculated from assays perfonned on two preparations, 
except for the DNA assays which were perf onned on only one preparation. 
N.Do is not detectable. 



Table v. Enrichment Factors For Marker Enzymes 

l Leucine Amino-
Pept idase 

Ca Cl 

Brush Border 13.0 .± 3,6 

------·--1--------t 

Per coll 

Brush Border 13.2 + 3.2 

--· 

a-Gamma-Glut 
myl Trans1 
tidase 

>ep-

11.0 + I. 3 

-

5,6 ±. 1.3 

------+------
Percoll 

Basal-LateraJ 12.8 ±. 2,0 7.0 + 1,8 

Alkaline Phos-
phatase 

10.8 ±. 2.2 

3.9 ±. 1.6 

3.3 ±. 0.4 

(Na-K)-ATPase Succina te Cyt. NADPH Cyt. c Acid Phospha- DNA 
C Reductase Re<luctase tase 

4.6 ±. 0,4 N,D, N.D. 1.65 + 0.07 0.46 

-

4,0 ±. 0.2 3.3 + 2.0 1.2 + 0.5 0.94 + 0.08 0.60 

---

17.3 ±. 5.8 1.2 + 0.6 1.2 + 0.4 0,93 ±. 0.24 0.62 
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did succeed in removing the DNA team the basdl-ldteral 

membrane fcaction. 

Hrush border membranes were isolated by the CaCl2 

precipitation metbod at the same time,and tcom the same 

kidneys, as the Percoll preparations described above.The 

enrichment factors for the cac12 brush border 11e11bcane 

preparation are included in Table v. LAP and (Na+-K+j-ATFase 

enrichments are comparable between the brush border 

membranes isolated by the different methods. 1he gamma-

glutamyl transpeptidase and al~aline phosphatase 

enrichments, however, appear to be much lover in the 

membranes isolated by the Percoll method. 

Enzyme assays and electron micrographs represent t~o 

criteria for determining the identity and purity of membrane 

fractions. Another criterion is the tunctiona~ integrity of 

the membrane. The aajor function of the ~rush border 

membrane is the rea.bsorption of nutrients, sach dS glucose. 

The glucose uptake propert~es of the brush border membranes 

prepared by tAe Percoli vs.CaCl2 techniques was very 

different. Results of transport studies using these vesic~e 

preparations are shown in Fig.9. Na•-d~pendent glucose 

uptake in the Cacl2 pre~ared brush border membranes 

"overshoots" the e~uilibrium concentration. This phenomenom 

is characteristic of brush border membrane vesicles. The 



63 

Figure 9. Comparison of Glucose Uptake in Two Different Brush Border 
Preparations 

Brush border membranes were prepared by a Percoll gradient method and by 
a CaC12 precipitation method from the same hog kidney. Both procedures 
are described l_n detail!. in the Experimental Procedures. Glucose uptake 
in the two different preparations was assayed twice. The results from 
both sets of assays are presented for comparison. 
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Perco1l pre_pared .brush border membrane vesic.les do .not s.ho.w 

a gl11cose uptake overs.h.oot com.l::'arable to that of t.ne Cacl2 

prepared membranes. For th.is reason 1 the cacl2 pi:epdratiou 

was used for investigations of heavy metal effects on 

glucose uptake. 

Glucose Uptake Into Brush Border Membrane ·Vesicles -

Fresh hog kidney was often difficult obtain, and the 

combined time of collecting the tissue, _prepariQ.g the 

vesicles, and per.forming the assays was quite lon.g.. The 

possibility of using frozen tissue in the preparation of the 

vesicles, or of freezing freshly prepared vesicie.s fpr assay 

later, was investigated .. Fig.10 illustrates the difference. i.n . . 
the overshoot of glllcose upta.ke bet:Ween vesicles _prepared 

from fresh tissue and from vesicles prepared f..rom frozen-

thawed tissue. The ves.icles p.repared f:i:om froze.n tissue 

exhibited no overshoot of glucose upta.ke 1 indicating that 

they were not functionally intact. 

The glucose uptake in freshly prepared vesicles, and in 

the same preparation after being frozen for one day, is 

compared in Fig.1 l. Vesicles resuspe..uded in mannito.l buffer 

which had bee.n frozen at -70°c for on-e day appeared to have 

a greatly reduced uptake of glucose. These comparisons were 

only made once, but the results discouraged any .fart.her 

investigations on determining effects of tissue storage .. 
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Figure 10. Comparison of Glucose Uptake in Brush Border Membranes 
Prepared from Fresh Tissue and from Frozen Tissue 

Brush border membranes were prepared by CaC12 precipitation from0 fresh 
pig kidney cortex and from the same tissue after freezing at -20 C for 
20 hours. The glucose uptake in the two preparations is compared by sub-
tracting the equilibrium value (20 mino uptake) of each preparation from 
all other values. This way only values which overshoot the equilibrium 
are.shown and all other values are represented as 0 cpmo Both prepara~ 
tions had a protein content of 15 mg/mlo 
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Figure 11. Comparison of Glucose Uptake in Fresh and Frozen-Thawed Brush 
Border Membrane Vesicles 

Brush border membranes were prepared by CaC12 precipitation and the glu-
cose uptake was measured immediately and was measured again after the 
preparation had been frozen at -70°C for 20 hours. Only those values 
which overshoot the equilibrium are shown, and all other values are re-
presented as 0 cpm. 
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Freshly prepdred vesicles from fresh tissue were used for 

all of the succeeding studies. 

Effect of Hean ~etals 2!! Gl11cose Upt4ke - lBitial 

results concerning the effects of 

are shown in Pig.12. It appeared 

cadaiu• on glucose uptake 

t•at 0.01 aft Cd2+ aad qo 

effect on glucose uptake, whereas 0.1 and 1.0aft Cd2+ had 

some inhibitory effect. The 10 and 20 min. uptake values 

indicated that 0.1 and 1.0 aft cd+2 may aawe reduced the 

glucose uptake eqailibrium Yalue. Later eiperiaents, 

however, did not show this effect. Fig. 13 demonstrates that 

vesicles in the presence of cadai1111 reached the same 

equilibrium value for glucose uptake as did the contr-01 

preparation. Again, 0.01 11H Cd+2 aad no effect on the uptake 

of glucose. The presence of 111M cd+2 eliainated the 

overshoot. The 0.1 •M Cd2+ seemed to hawe an inhibitory 

effect, but the range of vaiues overlap those 0£ the 

control. The values for glucose uptake aftec 50 sec. froa 

initiation, lihere the highest uptake Yalue occurred foe •ost 

of the samples, along with the corresponding raages for 

these values, are listed in Table VI. The value to£ the 0.1 

mM Cd2+ sample, again, seems mgch lover, but tae upper range 

of this point overlaps with the love£ raage of the control 

value. 

Considering both sets of ddta, the following 
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Figure 12. Effect of Cadmium on Glucose Uptake 

Hog renal brush border membrane vesicles were prepared by Cacl2 precipi-
tation, and glucose uptake in the vesicles was assayed in the presence of 
different concentrations of cadmium chloride, as described in the Exper-
imental Procedures. Each assay was performed twice on the same vesicle 
preparation and the average of the values of the two assays are presented. 
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Figure 130 Effect of Cadmium on Glucose Uptake 

The experiment presented in Fig.12 was repeated on another brush border 
membrane vesicle suspension prepared in the same wayo 
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Table Vlo Effect of Metal Ions on Glucose Uptake 

Brush border membrane vesicles were prepared from pig kidney cortex by 
the CaC12 precipitation method described in the Experimental Procedureso 
Glucose uptake was assayed as described in Experimental Procedures. The 
values obtained for glucose uptake aiter 50 sec. of incubation are 
listedo To discern effects on the Na -dependent overshoot of glucose up-
take, the 20' equilibrium values were subtracted from the 50 sec. values 
and listed separately. All values are averages from two assays on the 
same membrane preparation + the ranges for the values. 
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Table VI. Effect of Metal Ions on Glucose 

50 sec. Glucose 50 sec. Uptake 
Sample Uptake (nmol/mg) Corrected For 

Equilibrium 

Control 2.5 + Oo72 1. 46 + o. 74 -

0.01 mM CdC12 2.46 + 0.25 1.44 + 0.29 - -

~~ CdC12 1.58 + 0.28 0.56 + Oa29 - -

1.0 mM CdC12 0.84 + 0.09 0 -

0.1 mM HgC12 1.30 + 0 .39 0.23 + 0.43 - -

0.1 mM ZnC12 1. 84 + 0 .27 0.84 + 0.30 -

0.1 mM CuC12 3.18 + 0.09 2.18 + 0.10 - -
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conclusions are apparant: 1) O. 01 aft Cd2+ has no etfect on 

glucose uptake, 2) 1 ml'I Cd2+ has a large inhibitoi:y effect, 

and 3)0.1 mM Cd2+ may have a slight inhibitor1 effect. 

To ascertain if the effect of cadmium on glucose uptake 

is specific for this metal, or is a general phenomenoa seen 

with all metals, glucose uptake vas monitored i» the 

presence of 0.1 mM concentrations of zinc, cupric, a~d 

mercuric chloride. the results are shown in Fig.14 1 vith the 

50 sec. uptake values and the corresponding ranges for the 

values included in Table VI. Mercuric chloride causes a 

large reduction in glucose uptake at this concentration. 

Cupric chloride appears to enhance the uptake. but, again, 

the ranges of the values overlap with those of t~e cantrol. 

The zinc chloride values also overlap those of the co,trols, 

discounting an inhibition of uptake. Considering t~ese 

data, Hg2+ has a much greater effect on glucose upta.ke tllan 

does Cd2+. znz+ and cu2+ appear to have little ox no effect 

on glucose uptake at the concentrations used in these 

studies. 

Effect of Cadmium 21! Brush Border EDZl•e Activitie§ -

Table VII shows the effect of different concentrations of 

cadmium chloride on the specific activity of three differeqt 

brush border enzymes. LAP was the enzyae aost susceptible to 

the inhibitory effects of cadaiua. LAP lost 90S of activity 



78 

Figure 14. Effect of Various Metal Ions on Glucose Uptake 

Hog renal brush border membrane vesicles were prepared by CaC12 precipi-
tation, and glucose uptake in the vesicles was assayed in the presence 
of mercuric, zinc or cupric chloride as described in the Experimental 
Procedures. Each assay was performed twice on the same vesicle prepara-
tion and the average of the values of the two assays are presentedo 
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Table VII. Effect of Cadmium on Enzyme Activities 

Brush border vesicles were prepared from pig kidney cortex by the CaC12 
precipitation method described in Experimental Procedureso Vesicles were 
assayed for enzyme activity in the presence of cadmium as described in 
the Experimental Procedures. Values were obtained from assays performed 
on the same v·esicle preparation. 
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Table Vll. Effect of Cadmium on Enzyme Activities 

Leucine Amino- Gamma-Glutamy1 Alkaline 
Peptidase Tr ans peptidase Phosphatase 
(u/rng) (u/mg) (u/rng) 

Homogenate 0.0158 Ooa046 a.018 

Control Brush 
Border Oo238 Oo043 0.173 

a.al mM CdCl ao195 a.a4a8 O. la4 

a.1 mM CdCl a.a26 aa032 a .141 

La mM CdCl a.a a.a132 a.1sa 
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in the presence of 0.1 mM cd2•, and vas completelj iahibited 

in the presence of 1.0 mM cct2+. Gaama-9lutaayl 

transpeptidase, however, lost only 201 of activity vith 1.0 

mM Cd2+ present. Alkaline phosphatase actiYitJ appeared ~o 

show only very slight, if any, inhibition with ev~D the 

highest concentration of Cd2+ present. These results agcee 

vith observations made on tbe purified enzymes (Delange and 

Smith,1971; Fern.ley,1971). The specific activity of these 

enzymes in the homogenate is included ~o illustrate tae 

enrichment of activity in the brush border membraqe vesicles 

used for the transport studies. 



Discussion 

Percoll Metbod of Siaultaneous Isolation 21 Brush 

Bord~ and Basal-Lateral Membrane Vesicles - A method is 

presented which appears to achieve simultaneous isolation of 

brush border and basal-lateral membrane vesicles. Tne 

results of the first procedure indicated an increase in the 

actLvity of the brush border marker enzyme,leucine 

aminopeptidase, of 6-10 folJ oYe£ that of the homogenate, 

with a decrease in (Na+-K+)-ATPase activity. These 

enrichments are comparable to those reported by Smedt (19d1J 

in pig kidney and "alathi et al. (1979) in rabbit ~idney 

brush border membranes isolated by diff~rential 

precipitation. 

much as 25-fold 

isolated by 

LAP has been reported to be enriched by as 

in rabbit kidney orush border ae~oranes 

sucrose density gradients {George and 

Kenny,1973), but this preparation also exhibited a ~-toid 

enrichment of (Na+-K+)-ATPase. The isolation method of Liang 

and Sacktor(1977), who used sucrose gradients to prepare 

both brush border and basal-lateral wembranes, achieved 

10-fold enrichment of two other brush border membrane marker 

enzymes in their preparation, but also bad about 6-fold 

enrichment of (Na+-K+)-A!Pase. Based on the enrichment of 

LAP and decrease in (Na+-K+)-ATPase, the brush border 

83 
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membranes isoldted by the method described in tnis thesis 

are comparable to those isolated by other methods, and are 

superior to the brush border membranes isolated by the 

simultaneous method of Liang and Saclttor(1977). 'I'hese 

membranes did, hovever,appear to be contaminated ~ith 

mitochondria, as evidenced by a small (3-fold) enrichment in 

succinate-cytochrome c reductase. This vas a phenomenon not 

encounterd by other investigators. Although an ia-depta 

electron microscopic survey was not done, the appearance of 

the brush border membranes is consistent with that seeo by 

other investigators. 

The basal-lateral membranes isolated by this procedure 

shoved an average of 8-fold eBrichment in (Nd+-K+)-ATPase~ 

Other investigators 

membranes have seen 

using Pe.rcoll to 

11-fold (Sacktor 

isolate basal-lateral 

et al.,1981), and 

21-£old (Inui et al.,1981) enrichments of (Na+-K+)-ArPase. 

Liang and Sacktor(1977),using sucrose density gradients for 

simultaneous isolation, obtained a 15-fold enrichment. The 

basal-lateral membranes isolated by the pLOCedure described 

in this thesis also exhibited 3-fold enrichment of L~P and 

DNA. No other investigators sav this much enrichment of 

brush border membrane marker enzyme activity in their basal-

lateral membrane preparations although Inui et al. (1981) did 

obtain a 2.2-foltl enrichment of alkaline phosphatase. No 

data on DNA content is supplied by these investigators. The 
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BLMs isolated by this method appeaLed to have less 

enrichment of basal-lateral membrane marker enzyme activity 

and higher contamination by orush border membranes and DNA 

than those isolated by other .researchers using the same or 

other techniques. The electron microqrapbs of this 

preparation, however, do resemble tnose reported by other 

investigators. 

The modified procedure described in this text proddced 

some interesting changes in the profile of these membranes 

(see page 59 for description of the modifications). The 

lower density gradient (8.3%),used to improve the crude 

basal-lateral preparation, effectively removed the DNA 

contamination from the basal-lateral membranes. This step 

resulted in an increase of aDout 45~ in the enrichment of 

(Na+-K+)-ATPase, but also caused a 4-fold enrichment of LAP 

activity with alkaline phosphatase and gamma-glutam~l 

transpeptidase also enriched. The persistance of this high 

enrichment of brush border enzyme activity ~n the oasal-

lateral membranes, vhich look normal by electron 11.icroscopy, 

is not observed by other investi~ators and cannot be 

explained at this time. Further inves~igation is warranted. 

The brush border membranes showed an increase in LAP 

enrichment and also in (Na+-K+)-ATPase. Four to fl.ve-fold 

enrichment of (Na+-K+)-ATPase i.s often seen in br11.sh border 



d6 

membranes prepared by procedures using sucrose density 

gradients {Berger and Sacktor,1970; Quirk and Robinson,1972; 

George and Kenny,1973). Pour-fold enrichaent of (Na+-

k+)-ATPase has also been observed in nrush border membranes 

isolated from human kidney by differential precipitation 

(Turner and Silverman, 1977). The brush border membranes 

prepared by cacl precipitation from the same kidney as the 

meabranes prepared by this Percoll procedure, e.x:taibited 

siailar LAP and (Na+-K+)-ATPase as those isolated by the 

Percoll procedure. The Percoll prepared meabranes, however, 

differed markedly in 

alkaline phosphatase. 

gamaa-glotaayl tcanspeptidase and 

Usually, alkaline phosphatase 

enilanceaent is comparable to that of tbe other brush border 

enzymes, but some investigators have reported large 

variations in alkaline phosphatase enrichment (Berger and 

sacktor,1970). A coaparison between different membrane 

preparations is shovu i~ Table VIII. 

In light of the questionable reiiabiiity of dDY of 

these enzymes as aarke£s for brush border me•branes, and of 

the possible effects that ca2+ may have on the activity of 

these membrane-associated enzymes, the Percoll prepared 

brush border aembrane vesicles could be considered 

comparable in purity to the cacl2 prepared membranes. 

Comparison of toe glucose uptate characteristics of the two 

different preparations, however, indicate that the 2ercoll 
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Table VIII. Marker Enzyme Enrichments Reported for Membrane 
Preparations 

The values shown are the relative enrichment of marker enzyme specific 
activity over that of the cortex homogenates. LAP = leucine aminopepti-
dase, GT = gamma-glutamyl transpeptidase, AP = alkaline phosphatase. 



Table VII. Marker Enzyme Enrichments Reported for Membrane Preparations 

Membrane Species Isolation ATPase BBM 
Fraction Method Enrichment Enzyme 

Enrichment 

Brush Border Pig Perr.oll 0.93 7.95 (LAP) 

II II Pig CaC12 Precip. 0.90 10 (LAP) 

II II Rabbit CaC12 Precip. 0 9.4 (LAP) 

II II Rabbit Sue. Gradient 4 25 (LAP) 

II II Rabbit Sue. Gradient 6.3 9.7 (GT) 

Basal-Lateral Pig P~rcoll 7.5 3.2 (LAP) 

II II Rat Percoll 11.4 1.4 (GT) 

II II Rat Percoll 21.4 2.2 (AP) 

' II II Rabbit Sue. Gradient 15 1.8 (GT) ! 

Reference 

Thesis 

Smedt (1981) 

Malathi (1979) 

George (1973) 

Liang (1977) 

Thesis 

·sacktor (1981) 

Inui (1981) 

Liang (1977) 

00 
00 
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prepac:ed bc:ush border mell.brdnes may have impaired function. 

Enzymatic purity is, therefore,not always an indicator ot 

functional integrity. It is not known at this time why the 

Percoll prepared membrane vesicles tailed to accumulate 

glucose. Possible explanations could include: 1) 

enhancement of glucose uptake, 2) CaC~ stabilization of the 

brush border 11embrane 3) impurity of the Percoll 

preparation. Further investiyat~ons on the effect, if any, 

of cac12on glucose uptake could help explain the difference 

in glucose uptake seen in these two preparations. 

Effect of Freezing Q~ Glucose Q..etake The use of 

freeze-thawed tissue to prepare liBMs resulted in the loss of 

the characteristic Na+-dependeot overshoot of 9lucose 

uptake. Freezing brush border 11embrane vesicles for assay 

the next day also resulted in an inability to take up the 

nutrient. Other investigators •ave reported similar effects 

of freezing on nutrient uptake into brush border me~brane 

vesicles (Hittelman et al.,1981; Smedt and Kinne,1981). 

However, Turner and Silverman (1977) reported the pcesence 

of a glucose overshoot in brush border membranes prepared 

from a 

Pu rt her 

membranes 

frozen-thawed crude 

investigation into 

for a.;say later 

recommendation can be aade. 

plasma membrane preparation. 

tbe possibility ot freezing 

is needed before a final 
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Eff~! QI Heav~ ~~ta!~ .Q.!l Glucose _!illtake dnd ~nzyme 

discussed in Results, Cddwium Activity - ls 

affected the 

previously 

activity of LAP and AP in tile brush border 

membranes in a manner similar to the effect of ca2+ on the 

isolated enzymes {Delange and Smith,1971; Fernley,1971). 

Exposure to heavy metals has been implicated in 

proximal tubule damage, but to date, no investigations of 

heavy metal interdction vith isolated proximal tubule brusn 

border membranes have been reported. Studies with membranes 

isolated from intestine have shown that glucose uptate is 

inhibited by concentrations of HgCl as low as 0.01mM (Klip 

et al.,1~80; Miller et al.,1980). The studies in this 

thesis show that renal brush 

sensitive to H9C~exposure. 

border me•branes ace also ver1 

Cadmium, however, was less 

inhibitory than mercury. Other investigators have reported 

that glucose reabsorption in cadmium-exposed animals is not 

acid uptake (Gieske and reduced as much as amino 

Foulkes,1974). The role of accompanying ligands on t"e 

effect which heavy metals have on tubular reabsorption is 

also a factor to be considered in studies on the effects of 

these metals on membranes. Studies with intact animals have 

indicated that cadmium nephrotoxicity can he amplified by 

accompanying chelatocs,such as aetallothionein and cysteine 

(Murakami and iebb,1981; Nordberg et al.,1975). future 

investigations on metal toxicity using isolated membrane 
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vesicles could address this ~uestion. 



Summary 

Simultaneous isolation of brush border and oasal-

lateral membrane vesicles from hog renal cortex was 

attempted by both sucrose and Percell density gradient 

centrifugation. Successful isolation, based on tae 

enrichment of marker enzymes, was not achieYed with the 

sucrose density gradient procedure. A method utilizing the 

self-forming gradient capabilities of Percoll resulted in 

brusa border and basal-lateral membrane fractions with 8 to 

15-fold enrichment of marker enzyme activity. Based on tne 

marker enzyme assays, t.he brush border aembrane fraction 

exhibited no significant contaaination by aicrosomes, 

lysoso.11es, or DNA, but did show a 3-f old enrichment in 

succinate cytochrome c 

mitochondria. This brush 

reducta.se,a marker enzyme for 

border fraction also exhibited 

4-fold enrichment in (Na+-K+)-ATPase. a basal-lateral 

.11embrane marker enzyme w..hich may a.lso be present in the 

brush border. The basal-laterdl membrane fraction exhibited 

no siqnif icant contamination by 

microsomes,lysosomes.mitochondria,or DNA. This fraction 

did, however, show enrichment of brush border marker enzyme 

activity. Electron 11icrographs indicated t.hat bot.h 

preparations have their caaracteristic appearances. 
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Glucose uptake into the brush border membrane vesicles 

prepared by the Percoll method was low, without the hign 

overshoot characteristic of the brush border membrane~ 

prepared by cac~ precipitation. This functional Lllpairment 

in the Percoll-pcepared aeabranes could be the result of 

contamination in the preparation, or perhaps it is the 

result of a need for cacl2 to stabilize the membrane. Another 

possibility is that hig.h concentrations of cac~ p.roduce 

enhanced uptake in the cac12 -prepared vesicles. Due to the 

low uptake in the Percoll-prepared membranes, brush border 

membranes prepared by CaC~precipitation vece used for 

studies of the effect of Cddaiu• on glucose uptake. 

It was found that brush border membrane vesicles used 

for uptake studies must be prepared from .fresh tissue and 

cannot be frozen before use. 

Cadmium vas seen to have much less effect than mercury 

on glucose uptake. A concentration of 0.1 aa CdCl reduced 
2 

uptake slightly whereas the same concentration of mercury 

greatly reduced the uptake. A higher concentration of 

cadmium, 1 art, effectively eliminated the glucose uptake 

overshoot. Concentrations of 0.1 mft of co~per and zinc 

chloride had no effect on glucose uptake. 
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Appendix 

Eyudtion used to convert cpm to nmoles glucose : 

( (cpm - blank)/ efficiency){ 1/ 2.2 i 10• dpa/uCi ) 

( 11aol glu/ uci ) ( 1/ I of total ~lu coatainiBg a•c-glu j 

( 1 n•ol/ 1 x 10-• 11Mol). 

Protein per ali~uot : 

x ml sdm_ple ( 119 prate in/ml ) ( 1/ O. 2 + x al ) 

( 0.02 ml/ aliquot ) • 
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Epilogue 

Based on enzyae activities, 

lateral membrane vesicles were 

brusa border and basai-

success~uily isolated 

simultaneously by the Peccoll method described in the 

text. Glucose uptake, however, was iapaired in the bcu.sh 

border vesicles as coapared to brush border vesicles 

prepared by cacl precipitation. To determine i.f the 

difference in glucose uptake is due to iaparity of the 

Percoll prepared vesicles, several experiaents could be 

performed: 

(1) Accurately determine how auca ca2+ is associated 

with the CaCl -prepared membrane vesicles. 

(2) Starting with Percoll-prepared brush border 

membranes, perform a cacl precipitation and determine tbe 

effects such a procedure has on enzyme activity, glucose 

uptake, and amount of ca2+ associated vita Ute aeabr~es. 

If enzymatic purity .is improved and ca2+ associated . .with 

the meabcanes is comparable to that of the cacl prepared 

vesicles but glucose uptake is still impaired. the• it 

can be postulated that the Percoll prepared veaicles have 

a unique disability, perhaps due to residual Percoll 
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particles. 

If enzymatic and glucose uptake properties are 

improved, it can be assuaed that tae iapair.ent was due 

to iapurity of the preparation. Note, however, that ca2+ 

must have no effect on the enzyaes tested in o~der to 

make this assuaption 

If enzyaatic properties are not iaprowed bat glucose 

uptake is improved, then it would appear tbat ca2+ 

soaehov enhances glucose uptake. 

Further purif iccltion by var1ing the Percoll 

gradients is not ver1 likely considering the efforts 

which have already been made and the aaoant oi t.iae ••ick 

would be needed to pursue this avenue of research. By 

investigating the pattern of both t.he desired aeabra•es 

and contaminating organelles in the g~adients, hove•ec, 

one may be able to iaprove the isolation by altering the 

boaogenization procedures. Again, this type of studJ 

could prove to be quite long. 

Because of the interest in investigating metal ioa 

effects on metal-free aembrane vesicles, it might be of 

value to consider brush border •embraaes isolated bJ 

sucrose gradients. ~any procedures have been published to 
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isolated these membranes using discontinous sucrose 

gradient or rate zonal centrifugation. Although only the 

brush border meabranes can be purified at one tiae, these 

isolated Yesicles vould be aetal-free and could be used 

to investigate the effects of metal ions on traaspqrtors 

in the brush border meahrane. 

Long-range studies on metal effects on nutrient 

reabsortion should most certainly include soae research 

with the intact aniaal. Both injection and diet studies 

could be performed. such studies have bee.11 do~e to 

investigate the metabolism of metals and effects of 

metals on nutrient reabsorption but no reports are yet 

published on correlating net reabsorptiqn effects ~ith 

effects on the transportors of the brush border aeabrane. 

After exposure of the aniaal to varying CO!lCeJatratioa..s of 

metal for varying tiaes, 

could be isolated and 

bcush border 11eabr~e vesicles 

their nutrient. tran,.spqrt 

characteristics 11easui=ed. Eventually, sew:era.l diffe.rellt 

transportors should be studied for a clearer picture of 

effects of metals on brush border •eabrane f u~ctioa. 
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Isolation of Hog Renal Brush border MembraDe Vesicles 

With Application to the Study of Cad•iua ~epbrotoxicity 

by 

Theresa R. Leverone 

(ABSTBAC:T) 

The epithelial cell of the kid.ner pi;oxiaal 

convoluted tubule, like that of the small intestine, 

consists of two distinct plasma aea.brane surfaces 

referred to as the brush border, or lua.inal surface, a~d 

the basal-lateral, or contraluminal surface. Once 

isolated, 

epithelial 

heavy metal 

membrane vesicles formed from the kidneJ 

cell can serve as models for the studx of 

mephrotoxin interaction vita tAe two 

different plasma membrane surfaces. For ideal coapar.ison 

between the two membranes, the isDlation .proced.ure should 

be identical for both. This has been acco.aplished by 

other investigators using differential centrifugation 

followed by free-flow electrophoresis or sucrose density 

centrifugation. Utiliz~ng the self-forming gradient 

capabilities of Percoll, we have developed a less 

cumbersome procedure to effect simultaneous isolatioq qf 

bcush border and basal-lateral membrane llesicle.s. B1:u.sh 

border membrane vesicles isolated by this procedure 

exhibited 8 to 13-fold enrichment in aa.rkei: e11z1ae 



activity 

activity. 

unsuitable 

but appeared to .have impaired. g.luco.se 

Since the Perco~l-prepared vesicies 

for uptake 

uptake 

seemed 

vesicles isolated by a 

studies, brush border aeabra~e 

differential precipitatio~ aetbod 

vere used to investigate the effect of cadaiua on glucose 

uptake. Of the concentrations of cadaiua tested, 0.1 •B 

CdCl slightly inhibited glucose ~~take whereas 1 aft CdCl 

greatly reduced glucose uptake iA these wesicles. 
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