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SUMMARY 

A method is described for the isolation oI a purified preparation of plasma 
membranes from rat kidney tissue, with a high specific activity of (Na+-K+)-activated 
ATPase. 

Treatment of rats for 4-5 days with methylprednisolone produced an increase 
in the specific activity of (Na+-K+)-ATPase in kidney homogenates, but not of 
Mg'~+-dependent ATPase or succinate dehydrogenase (EC 1.3.99.I ). Methylprednisolo- 
ne did not, however, increase the (Na~-K-)-ATPase per mg of protein in kidney 
plasma membranes. 

The data are interpreted to support the hypothesis that glucocorticoids increase 
(Na~-K+)-ATPase activity in the kidney bv increasing the quantity of plasma 
membrane per cell, rather than by increasing the activity of enzyme per unit of 
plasma membrane, 

INTRODUCTION 

It  has recently been demonstrated that  the specific activity of (Na+-K~)- 
activated ATP phosphohydrolase in light fractions of rat kidney homogenates can be 
greatly increased by physiological manoeuvers which increase net reabsorption of 
Na + by the kidney. These include the administration of methylprednisolone, and the 
production of coinpensatory renal hypertrophy bv uninephrectomyL The increase 
in the activity of (Na+-K+)-ATPase is consistent with the view that this enzyme is 
involved in the active transport of Na- from the glomerular filtrate ~, ~. "Microsomal" 
fractions of homogenized cells, as conventionally prepared, contain fragments of 
plasma cell membranes a-4 as well as ribosomes and other material located in the 
interior of the intact cell. Since the active transport of Na + is thought to take place 
primarily at the surface of the renal tubular cell, it would be of great interest to 
determine whether the increase in (Na+-K~)-ATPase activity per mg of protein 
induced, tor example, by glucocorticoids, would be apparent in a purified preparation 
of plasma membranes. 

The present report describes a method for the isolation of highly purified plasma 
membranes with high (Na+-K+)-ATPase activity from rat kidney tissue. Treatment 
with methylprednisolone increased (Na--K+)-ATPase in the whole homogenate of 
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the kidneys. There was, however, no difference between tile ( N a i - K ) - A T P a s e  ac- 
t iv i ty  per mg of protein of plasma membranes  obtained from normal rats and those 
t reated with methylprednisohme. The data  are interpreted to support  the hypothesis 
tha t  methylt)rednisohme increases ( N a ' - K  I-ATPase ac t iv i ty  in the kidney by in- 
creasing the amoun t  of plasma n/entl)raue per {'ell, rather  than I)v enhancing tile 
act ivi ty  {}f enzyme per uni t  of plaslua ltlelul)l'allC. 

MATIrRIAI.S AN]) METH02)5 

In all experiments  male, Sprague-Dawley rats weighing I5O-35 o g were used. 

I. lsolalio~ o/" kidn O, cell plasma membra~ws 
The procedure used was a modifieati{~n of the method described bv NI~.\'[LLI¢" 

for the isolation of liver cell membranes,  l%r each preparat ion ()-.io rats were used. 
The animals  were anaesthetized with ether and their kidneys removed. The capsule 
and tile adjacent  fat were discarded, the kidney placed in an ice-cold o.ooI M NaH('O:~ 
solution (pH 7-5) and sliced into small pieces, l:our batches, each containing 3 ° m l  ()f 
solution and 3 -5 kidneys, were titus obtained.  Subsequent  procedures were carried out 
with the tissue cooled to 4 in ill]_ ice-cold water bath or a refrigerated centrifuge. Each 
I)ateh was homogenized with 3 ° strokes of a tef]<)I] pestle in a I)ounee holnogenizer. 
Uniforlnlv homogenized suspension obtained from all 4 batches was then transferred 
to a beaker :rod ice-cold o.ooz M NaHCO:~ s~)lutiol] was added to a total of 5oo ()oo ml. 
The sust)ensiol] was mixed for about  2 rain and filtered through 8 layers of gauze. 
Tile filtrate (referred to subst<luently as "whole ]lomogenate") was poured int(> four 
250-ml polyethyle, ne b o t t l e s  and centrifuged fro I0 mill at [50o ,~., using a Sorvall 
centrifuge. Deceleration of the centrifuge at this its well at all further steps was slow, 
i.<, no brake was used. The superna tan t  was discarded and tile' brow~]-reddish, 
jelly-like sediment retained. About 5 ml of bicarb(mate solution were then added to 
each bottle and the sediment resuspended using a Vortex mtxer. The resulting 
suspension was transferred out of all 4 b~ttles into a hom,genizer.  F.acb })ottle was 
washed with 4 ml of the bicarbonate  solution which was added to the homogenizing 
tube. Resuspension was completed with 5 strokes (>f the pestle, the fluid transferred 
into three [5-ml conical centrifuge tubes and centrifuged at [22o ,q for io rain. 
After this centrifugation,  clear super lmtant  fluid overlaid a two-laver sediment.  The 
bot tom layer formed a solid pellet: the upper one consisted <ff a pale-brown, fluff\  
n]aterial. The clear supe rna tan t  was drawn off, care being taken not to rel]lOve tile 
fluffy precipitate.  Thereafter 3 ml of the b i t ' a rb .na te  solution were gent ly  added to 
rite tube. This stirred and resuspended the fluffy laver of the sediment.  The resulting 
suspension was removed with care 1)ein V taken not to touch tile solid pellet. Another  
3 ml ()f the bicarbonate  solution were then ad(led gently to the tube. This suspended 
the remaining fluffy sediment whicll was then rein(wed as before. Both suspensions 
obtained in tile same way from all 3 tubes were poured into a homogenizing tube, 
IO ml of b icarbonate  solution were added and resuspension was corot)feted using 3 
,<vntle strokes <)f the pestle. This SUSl)ensi(m was then t)mm~d into three IS-lnl e(mical 
tubes and centrifuged again at I2OO 2 for IO nlJn. After this eentr ifugation tilt: 
sediment consisted mostly of the fluffy precipitate although a small solid pellet was 
always present at the bot tom ()f the tube. The clear superna tan t  was drawn off and 
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the  fluffy sed iment  removed  as before except  t ha t  i .  5 ml ins tead  of 2 ml of the  
b ica rbona te  solut ion were added  each t ime.  The suspension ob ta ined  from all 3 
centr i fuge tubes  was again combined  and resuspended  in a homogenizer.  The resul t ing 
suspension was then placed in one I5-ml  conical  tube  and centr i fuged as before 
(122o : g, IO rain). The supe rna t an t  was d iscarded and the fluff 3, sediment  removed  
and placed in a 4.5-ml homogenizer.  Bicarbona te  solut ion was added  to a to ta l  
volume of 3.5 ml. Resuspension was comple ted  with 3 gent le  s t rokes of the pestle,  
1.6 ml of the  suspension were then t ransfer red  into each of two I3.5-ml lusteroid 
centr i fuge tubes.  To each tube  2 ml of a solution conta in ing 69 ° o by  weight of sucrose 
in wate r  (d 1.34 ) were added  slowly with cons tan t  s t i r r ing using a Vortex inixer. Over  
this,  5 ml of 41 ° o sucrose solut ion (d 1.18) were careful ly  layered.  This, in turn,  was 
over la id  with 36 °'o sucrose solut ion (d 1.16) unt i l  the tube  was filled. The gradient  
tubes  were capped  and spun in a Spinco ul t racent r i fuge  at  IOO ooo g for 75 rain. 
Af ter  cent r i fugat ion  a white  band  composed of f loating cell membranes  was observed 
at  the et I . I 6 / I . I 8  interface.  Tim menlbraues  were collected using a syr inge with a 
No. 19 needle and resuspended in a homogenizer  in a 2o-fold larger  volume of bi- 
ca rbona te  solution. The suspension was then centr i fuged at  3ooo :< g for 3o rain. 
The supe rna t an t  fluid was d iscarded and the sed iment  e i ther  used for examina t ion  
by  electron microscopy or resuspended in 3-4  ml of b ica rbona te  solut ion using a 
Vor tex  mixer.  The final suspension was then placed in a freezer a t  IO ° and used for 
enzymat i c  s tudies  no la ter  t han  16 h af ter  the  isolat ion was completed .  

II .  Electron microscopy studies 
Fixa t ion  for electron microscopy was carr ied out  on minute  pellets of mem- 

branes  ob ta ined  by  cent r i fugat ion;  these were over la id  with an isotonic, buffered 
(pH 7.2) 2 % g lu t a ra ldehyde  solution:.  Ul t ra th in  sections of Maraglas  embedded  s 
mater ia l  were s ta ined  with lead  sal ts  u and examined  with an Elnf iskop I. 

I I I .  Studies of the effect of meth3,1prednisolo~e* 
lO6 ra ts  were d iv ided  into 14 groups of 7 or 8 animals  in each. 7 groups  served  

as controls  and  7 were given methylpredniso lone .  All animals  had  free access to water  
and food which consisted of Pur ina  l abo ra to ry  chow. For  4-5 days  before being 
sacrified all expe r imen ta l  animals  were in jec ted  with 2.5 mg of me thy lp redn i so lone  
dai ly.  The control  animals  d id  not  receive any  t r ea tmen t .  In  each exper imen t  one 
control  and one exper imen ta l  group were sacrificed at  the same t ime.  In bo th  groups,  
animals  were of the same age and similar  weight .  Kidneys  were removed  under  e ther  
anaes thes ia  and whole homogena te  and cell n lembranes  were ob ta ined  as descr ibed 
above.  Dur ing  all s teps of the  procedure  the  same homogenizers  and the same pest les 
were used for both  control  and  exper imen ta l  samples.  

IV. Determinations of enzwnatic activity 
(Na~-K~)-ATPase and Mg2--ATPase were de te rmined  as descr ibed by  KATZ 

AND EPSTEIN 1. The incubat ion  medium for measur ing  to ta l  ATPase  ac t i v i t y  conta ined  
lOO mM NaC1, 2o mM KC1, 5 mM MgATP and lO mM imidazole  buffer per  1 at  p H  7.8. 
Mg 2 ' -ATPase  was de te rmined  using a medium conta in ing all components  except  KC1. 

* In these exper iments  long-acting methylt)rednisoloIm acetate,  Depo-MedroI, [Tpjohn, was 
used. 
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ATPase ac t iv i ty  was measured by the anlount  of Pi l iberated during incubation and 

de te rmined  by the method  of FISKE aXD St'BBARow ~°. (Na+-K~)-ATPase ac t iv i ty  

was defined as the difference between total ATPase and Mge+-ATPase. Samples of 

whole homogenates  were incubated  for 15-3o rain and cell membranes  for 6o rain. 

Results were expressed in /,moles of Pi released per lng of tissue protein per h. D- 

Glueose-6-phosphate phosphohydrolase (EC 3.1-3.0) was deternl ined as described by 

HARPER u and the results expressed in /,moles of Pi released per mg of protein per h. 

Suecinate dehydrogenase (EC 1.3.9q.I) ac t iv i ty  was measured by the method  of 

BOXNER r' and expressed in a rb i t ra ry  units as dabsorbance reading per mg of tissue 

protein per h. Protein content  of tissue samples was determined by the method of 

LOWRY el al. 13. 
All results presented are averages of either 2 or 3 sinlultaneous determinat ions.  

I{ESULTS 

I. ,lIorpholog, ical appraisa! of cell membrane preparation ~Uri,,.~. z) 

The membrane  preparat ions,  as revealed by electron microscopy, consisted of 

spherical or elongated vesMes with a content  of ext reme electron t ransparency;  the 

Fig. ~. F-lectron micrograph of pellet showing predominance of vesicular structures with very 
electron-transpareut lumina; the hazy grey outline of parts of the limiting lnembrane of some of 
the vesicles is due to tangential sectioning of wrinkles of these structures. The arrows point to 
two of w, auy small vesicles aligned along one side of a free-ending membrane. Magnification: 
5 0  0 0 0  ~ . 

t:~iochim, t~iophyx. A~ta, T5o (i908) 5o3 57I 
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latter was identical with the surrounding of the vesicles (Fig. I). These vesicles 
measured from o.o 5 to i / ,  lnaxilnal dimension and occasionally one or more of the 
smaller vesicles were found to be present in the lumen of one of the larger vesicular 
structures. The walls of all of these vesicles were of identical and mfiform thickness; 
wrinkling of the walls was common, with tangentially sectioned membranes frequently 
observable (1;ig. i). Among these vesicles were also free-ending membranes. Arrayed 
along the latter and usually confined to one side, were small vesicles of relativeh'  
uniform size (SOO-lOOO A). This arrangement  was reminiscent of pinocytotic vesicles 
along a cell surface (Fig. i). Structures probably depicting swollen mitochondria were 
rarely encountered;  ribosomes at tached to vesicles were extremely rare. 

The method used in these studies produced an almost pure suspension of 
plasma membranes. The essential modification of this technique, when compared 
with the original method described by NEVlLI.E 6 for liver cell membranes, consists of 
introducing a supplementary laver of sucrose (d LIB) in gradient eentrifugation. A 
three-layer gradient,  though of a different density, was also used by HAys A.',D 
BARLAXI) ~ for the isolation of the membranes of the toad bladder, while a similar 
gradient was used by EMMELOT el al. ~a for liver cell membranes. If a supplementary 
laver is not used, the final preparat ion contains a large percentage of non-membranous 
lnaterial which has a density greater than I . I0  but lower than I . I8 .  There are two 
disadvantages of the method used in these studies. Firstly, there is a possibility tha t  
the final product  obtained contains not only the plasma membranes of the cell but  
also some mitochondrial  membranes.  Secondly, the yield of the method is extremely 
small; froln an initial i y - e o g  of kidney tissue one finally obtains 2-4 lng of cell 
membrane  protein. 

II .  Enzymatic activity of plasma membranes (Tables I and II,  Fig,. 2) 
Plasma membranes of kidney cells are high in both (Na~-K~)-ATPase and 

T A B L E  11 

ACTIVITY OF ( N a ~ - K + ) - A ' l ' P a s e  .AND 3 ' l g a = - A T P a s e  IN WHOLE HOMOGENATE AND PLASMA 
M E M B R A N E S  OF K I D N E Y S  OF N O R M A L  A N D  M E T H Y L P R E D N I S O L O N E - T R E A T E D  R A T S  

V a l u e s  g i v e n  a r e  for  n l e a n  a n d  S.l;.. 1 - n r i c h n l e n t  - ( a c t i v i t y  m cel l  m e m b r a n e s ) / ( a c t i v i t y  in  w h o l e  

h o m o g e n a t e ) .  

Whole homogenale Cell membrat~es l-nrichment 
(/,moles P i per mg (ltmoles P i per mg 
protein per h) protein per h) 

(Na+-K +) -A TPase  

C o n t r o l  2 .0  ~ 0 .47  I4.  4 ~: 2 .85 I1 .3  : :  3 .58 

E x p e r i m e n t a l  3 . 0 -  0 .49  I3 .7  i 2 .~9 5 .7  t 1.26 

31g ''+-A 7" Pas e 

C o n t r o l  I4. 3 : o .9o  93 .6  : 27.2 6 .4  }: 1.58 

E x p e r i m e n t a l  14.0  [ 1.o 9 04 .8  - I I .  4 4 .6  } 0 .87  

lliochin~. Biophys.  Acta, t 5 o  ( to08)  5(~3 571 
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Mg2~-ATPase activity. In normal rats the specific activity of the plasma meinbrane 
fraction for (Na+-K+)-ATPase averaged I I .  3 :~: 3.6 (S.E.) times the activity per mg 
of protein in whole kidney homogenate. Mg+~-ATPase was concentrated 6. 4 :k 1.5 
times. By contrast, there was scarcely any enrichment of succinate dehydrogenase 
activity, while glucose-6-phosphatase activity was virtually absent in plasma mem- 
branes. The low residual activity of succinate dehydrogenase, comparable to that  in 
whole homogenate of kidneys, probably represents admixture of the membrane 
fraction with mitochondrial membranes. Similar low succinate dehydrogenase activi- 
ties were present in the guinea-pig kidney plasma membrane preparations of COLEMaX 
AND I;IXEAN TM. 

>. 
I -  

(_i ii 

>- 
N E  

.J 

m 
(No*- K*)-ATPose Mg~+ATPose 

N Whole Homogenote 

D Plosrno Membrones 

Succinote Glu-6-Pase 
Dehydrogenose 

Fig. 2. Enrichment of enzymatic activity in plasma membranes of normal rats. 

The degree of enrichment of ATPase activity in plasma membranes varied from 
day to day, but duplicate samples prepared in parallel at one time gave closely 
comparable results. 

I I I .  Effect of methylprednisolone on enzymatic activity of plasma membranes and whole 
homogenates (Tables I and II) 

Treatment  with methylprednisolone for 4-5 days increased (Na+-K~)-ATPase 
activity in whole kidney homogenates in 6 out of 7 experiments and by an average of 
75 o//o. Glucose-6-phosphatase also increased. As previously~ reported there was no 
change in Mg2+-ATPase or succinate dehydrogenase activity 1. 

In contrast to the findings in whole homogenate, the specific activity of (Na +- K ~)- 
ATPase in purified plasma membranes was unaltered by methylprednisolone. The 
degree of enriclunent of (Na+-K+)-ATPase in kidneys from control animals was there- 
fore greater than that  observed in rats treated with methylprednisolone. 

I t  seems unlikely that  t reatment  with hypertonic sucrose, necessary in the 
isolation procedure, obscured changes in (Na+-K+)-ATPase activity that  were present. 
In additional experiments re-exposure of cell membranes to 69°..o sucrose solution 
did not alter the specific activity of this enzyme. Rat  kidney microsomes, isolated as 
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described by KATZ AND E P S T E I N  1, showed no change in (Na~-K-)-ATPase activity 
when exposed to 36 °o sucrose solution. 

I)ISCUSSION 

Tile method used for isolating plasma membranes of kidney cells is essentially 
a modification of that described by NEVILLE ~ for liver, involving holnogenization in 
hypotonic solution and repeated washings with centrifugation on a sucrose density 
gradient. The final preparation appears quite homogeneous by electron microscopy. 
The considerable enrichment in (Na+-K-)-ATPase activity over the whole tissue 
homogenate, the absence of glucose-6-phosphatase activity (microsomal), and the 
low activity of succinate dehydrogenase (mitochondrial) support tile histological 
evidence that the preparation consists chiefly of plasma membranes. 

The mechanism by which (Na~-K ~ )-ATPase activity of tile kidneys is influenced 
by corticosteroids is not clear. Adrenalectomy reduces (Na+-K)-ATPase specific 
activity in the whole homogenate and microsomes of kidney tissue 1, ~7. Treatlnent with 
glucocorticoids (but not with deoxycorticosterone or physiological doses of aldosterone) 
increases the activity of (Na !-K i )-ATPase, but not of Mg e'-ATpase or of succinate 
dehydrogenase 1, iv. The activity of glucose-6-phosphatase, another microsomal enzyme, 
is also increased ~. It has been proposed that the increase in (Na ~ -K + )-ATPase induced 
by glucocorticoids is related to an increase in ghlmerular filtration and hence sodium 
reabsorption per g of kidney tissue ~. Since tile site of active transport of N a  by 
kidney (:ells is thought to be tile plasma membrane, a change in (Na ~-KI)-ATpase 
related to changes in N a  transport might be reflected in a change in the specific 
activity of (Na -K+)-ATPase in a purified preparation of plasma membranes. 

In all but one of our experiments, methylprednisohme produced an increase in 
(Xa+-K-)-ATPase in tile whole homogenate of kidney. Nevertheless, the activity of 
(Nal--I<~)-ATPase per mg of protein in plasma membranes was unchanged. Several 
explanations of this paradox are possible. First, it is conceivable that prednisone 
induces an increase in the ( N a - K  i)-ATPase of endoplasmic reticulum, but not of the 
plasma membrane. (As an extension of this idea, it is possible that the endot)lasmic 
reticulum is involved in transepithelial ion transport.) There is excellent evidence, 
however, that at least in the Ehrlich ascites cell, where this has been closely studied, 
most of the (Na ~-K!)-A'I'Pase of a broken cell homogenate derives from fragments 
imlnunologically identical to plasma membrane a,4. Second, it is possible that pred- 
nisolone induces an increase in (Na-K+)-ATPase activity that is confined to at small 
portion, perhaps the basal or antiluminal border, of the limiting cell membrane. This 
might not be detected in the present studies because ot dilution with membranes low 
in ATPa.-'..e content. Finally, the simplest explanation of tile data is that methyl- 
prednisolone stimulates an increase in the amount of plasma membrane per cell 
without inducing an increase in the specific activity of enzyme per unit of plasma 
membrane. This might be accomplished, for example, 1) 3, proliferation of the basal 
infoldings of the limiting cell melnbrane at the antiluminal border, where Na: is 
pumped. The activity of the enzyme in the whole homogenate of kidney would there- 
fore be increased without an increase in the enzymatic activity per mg of cell men> 
brane. The observation that plasma membranes isolated from norlnal rat kidneys 
demonstrated a greater enrichment in (Na~-K ~)-ATpase than those prepared from 
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r a t s  t r e a t e d  w i t h  m e t h y l p r e d n i s o l o n e  is c o n s i s t e n t  w i t h  th i s  h y p o t h e s i s .  F u r t h e r  

e v i d e n c e  m i g h t  be o b t a i n e d  f rom e l ec t ron  m i c r o p h o t o g r a p h s  of t h e  k i d n e y s  of r a t s  

t r e a t e d  w i t h  s t e ro ids ,  or  f r o m  a s says  of k i d n e y  t i s sue  for  o t h e r  e n z y m e s  k n o w n  to  be  

c o n s t i t u e n t s  of t h e  p l a s m a  m e m b r a n e .  
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