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Summary 

A simple, rapid method for the preparation of  purified brush border 
membranes in vesicular form from rabbit  kidney proximal tubules has been 
applied with closely similar results to the intestinal spiral valve of  the small 
dogfish (Scyliorhinus canicula). Since the dogfish belongs to one of  the most  
ancient species of  fish, it may be suggested that  the method is generally appli- 
cable to all species later evolved which possess a brush border  membrane at 
the mucosal surface of  the cells of  the intestine or kidney. 

The preceding paper [1] describes a rapid method for the isolation of  
kidney brush border  membranes in vesicular form which was found to be ap- 
plicable to other  mammalian species. It was our interest to find out  whether  
this method  might be more generally applicable even to species remote from 
mammals. Read [2] showed that the spiral valve of  the smooth  dogfish, 
Mustelus canis possessed Na÷-dependent active transport  systems for sugars 
and amino acids with characteristics indicating that they operated according 
to the gradient hypothesis  of  Crane [3, 4] .  Accordingly, we focussed our at- 
tent ion on the species of  small dogfish, Scyliorhinus canicula, found in local 
waters of f  the coast of  southern France where it bears the familiar name of 
La Petite Roussette.  The epithelial cells of  the spiral valve of  the dogfish from 
American waters show, under the electron microscope, a brush border surface 
remarkably similar to the intestine of  mammalian species (Doyle, Wm.L., per- 
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sonal communication).  We assume the same for la peti te roussette. 
Small dogfish captured in the coastal waters off  Toulon, were kept  in 

tanks supplied with circulating, aerated sea water until used. Animals were 
killed by  spinal cord section. The spiral intestine was rapidly removed, open- 
ed and spread on a chilled glass plate. The mucosa of  all surfaces was collec- 
ted by  scraping, weighed and either used directly for membrane preparation 
or frozen. The mucosal scrapings recovered from each animal weighed be- 
tween 1.5--2.1 g. 

No a t tempt  was made to use elasmobranch saline containing urea or 
otherwise to account  for any special characteristics of  the cells and mem- 
branes of  the dogfish intestine as compared to mammalian kidney. The meth- 
od as described in the preceding paper [ 1 ] was applied wi thout  change. Brief- 
ly, the scrapings were homogenized in a hypotonic  mannitol-Tris solution. 
The homogenate was treated with Ca 2÷ to aggregate the cellular membranes 
other  than the brush border,  and subjected to successive centrifugations of, 
first, low and then, moderately high speed to separate the membranes and re- 
cover the brush border membrane as pellet. The pelleted membrane was ves- 
iculated by  several passes through a 23 gauge needle and brought to the de- 
sired volume. The buffer  used in this step was routinely 0.1 M KC1 contain- 
ing 1 mM dithiothreitol and 5 mM Hepes Tris, pH 7.5, when studies of  mem- 
brane transport were to be carried out. For enzyme assays, samples of  the 
homogenate were taken prior to the addition of  Ca 2÷ and the pelleted brush 
border membranes were taken up in the same mannitol Tris buffer  used for 
homogenization. 

The enzyme assays were Carried out  by the same methods referred to by 
Schmitz et al. [5] .  Studies of  D-glucose transport were carried out  essential- 
ly as described by  Hopfer  ct al. [6] with the minor modifications described 
in the legend to Fig. 1 which again are the same as in the preceding paper. 

The transport experiments were carried out  in July, 1978: the enzyme 
assays in September--October,  1978. 

The state of  puri ty of  the brush border membrane fraction recovered 
from the dogfish intestine (Table I), resembles closely the same fraction re- 
covered from rabbit kidney [1 ] except  that in the dogfish intestine, there 
is detectable contamination by  membranes containing succinate dehydrogen- 
ase (mitochondria) and (Na ÷ + K÷)-ATPase (basolateral membranes).  How- 
ever, the level of  contamination seems acceptable for most  purposes. For 
(Na ÷ + K÷)-ATPase, it is about  the same as found by  Evers et al. [7] using a 
much more elaborate separation technique. 

Taking the ~-galactosidase activity detected in the homogenate using 
lactose as substrate as a measure of  lysosomal membrane, there seems to be 
none in the brush border  f rac t ion .The degree of  purification taking maltase, 
alkaline phosphatase and leucylnaphthylamidase, together, as markers of  
brush border membrane appears to be at least as great for the dogfish intes- 
tine as for the rabbit  kidney (average of  10.5-fold vs. 9.3-fold, respectively)*. 

All of  the enzyme assays were carried out  on scrapings that  had been in 
the deep-freeze for two months;  this because we had previously determined 

* With s o m e  s p e c i e s  o f  fish, trials wi th  d i f f e ren t  cen t r i fuga l  f o r c e s  m a y  b e  n e e d e d  to  ach i eve  t h e  
s a m e  d e g r e e  o f  p ur i f i ca t i on .  
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T A B L E  I 

E N Z Y M E  P R O F I L E  O F  I S O L A T E D  B R U S H  B O R D E R  M E M B R A N E S  

Al l  a c t i v i t i e s  axe e x p r e s s e d  as  I . U . / g  p r o t e i n  -+ S . D .  e x c e p t  f o r  N A D P H - c y t o e h r o m e  c r e d u c t a s e  w h i c h  
is e x p r e s s e d  as  ~ A o m i n  - I  °g--1 P r o t e i n .  n ,  t h e  n u m b e r  o f  t i s s u e s  a s s a y e d .  N . D . ,  n o t  d e t e c t a b l e .  

F r a c t i o n  n H o m o g e n a t e  B r u s h  b o r d e r  m e m b r a n e  R e l a t i v e  a c t i v i t y  
( H )  (M)  ( M / H )  

P r o t e i n  ( r a g )  8 1 3 1  + 5 3 . 0  + 0 . 2  0 . 0 2 3  
S u c e i n a t e  

d e h y d r o g e n a s e  4 9 8 . 5  -+ 1 0 . 9  3 1 . 4  + 3 .7  0 . 3 2  
N A D P H - c y t o c h r o m e  C 

r e d u c t a s e  4 9 3 . 8  -+ 3 . 2  5 3 . 5 *  0 . 5 7  
( N a + - K + ) - A T P a s e  6 1 0 . 0  + 0 . 9  2 1 . 2  + 5 . 5  2 . 2  
M a l t a s e  4 5 3 . 9  ± 3 . 0  5 9 1 . 5  ± 4 7 . 7  1 1 . 0  
T r e h a l a s e  4 7 .9  ± 1 . 8  5 8 . 3  ± 1 5 . 1  7 . 4  
S u c r a s e  4 8 . 5  ± 1 . 0  4 0 . 2  ± 8 . 0  4 .7  
~ - g a l a c t o s i d a s e  ( l a c t a s e )  4 . 5  ± 0 . 5  N . D .  
A l k a l i n e  p h o s p h a t a s e  4 2 0 . 3  ± 1 .7  1 8 9 . 3  ± 3 6 . 5  9 . 3  
L e u c y l n a p h t h y l a m i d a s e  4 6 3 3 . 5  ± 4 3 . 6  7 0 1 1  ± 7 . 2 9  1 1 . 1  

*Stat is t ics  not  d e t e r m i n e d .  

that  similar freezing of the tissue had no detectable effect on the formation 
of  vesicles or their ability to carry out Na+-dependent active transport (see 
below). However, assays of  alkaline phosphatase carried out in July on brush 
border membranes prepared from tissue that  had not been frozen gave some- 
what better indications. Unfortunately,  the method used for the determina- 
tion of alkaline phosphatase at that  time was different. We used then, for 
want of the usual reagents, the solutions and directions of the Boehringer- 
Mannheim automated analysis and took the difference in readings between 
1 and 3 min in a spectrophotometer  as a measure of enzyme activity. The 
units of activity recovered were 5--10 times higher than those shown in 
Table I, but the meaning of this difference is not clear without  a direct com- 
parison of the two assay methods. More to the point, however, and difficult 
not to take seriously is the specific activity ratio M/H, found in July; namely, 
17.6 + 3.3. At the present time, we can realistically go no further in conclu- 
sions about the efficacy for the dogfish intestine of the method of preparing 
brush border than that  allowed in Table I. However, from the results in July, 
one may reasonably be aware of a possible greater efficacy of  the method 
when tissue that  has not been frozen is used. This can only be decided after 
a new fishing season for the local dogfish which occurs during the winter. In 
the summer months the dogfish seek the cooler water of greater depths and 
are out of reach of the gear available. 

The brush border membrane vesicles exhibit Na÷-gradient coupled trans- 
port (Fig. 1) with the characteristics to be expected from prior studies with 
vesicles from mammalian intestine [8] and kidney [9].  Uptake of D-glucose 
is rapid in the presence of Na ÷ and exceeds the final equilibrium position 
when a membrane potential (inside --) is induced by the liposoluble anion, 
SCN-. This uptake of glucose is strongly inhibited in the presence of appro- 
priate concentrations of a-methylglucoside, an alternative substrate for the 
process in the dogfish intestine [2] as well as in mammalian intestine and kid- 
ney, or of phlorizin, a particularly effective specific inhibitor of glucose trans- 
port in the dogfish intestine [2] as well as in mammalian intestine and kidney. 
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Fig. 1. N a + - d e p e n d e n t  ac t ive  t r a n s p o r t  in  b r u s h  b o r d e r  m e m b r a n e  vesicles  f r o m  t h e  spi ra l  valve o f  t h e  
d o g f i s h :  m e m b r a n e  vesicles  we re  l o a d e d  w i t h  0 .1  M KC1 as d e s c r i b e d  in  t h e  t e x t .  U p t a k e  o f  D-g lucose  
was  m e a s u r e d  b y  i n c u b a t i n g  5 0 / z l  o f  m e m b r a n e  vesicles  ( 0 . 0 5  m g  p r o t e i n )  in  a r e a c t i o n  m i x t u r e  con -  
t a i n i n g  0 .2  m M  D - [ U  - 1 4 C ]  g l u c o s e ,  5 m M  H e p e s  Tris ,  p H  7 .5  a n d  as i n d i c a t e d ,  0 .1  M KC1 o r  0 .1  M 
N a S C N  w i t h  o r  w i t h o u t  5 m M  13-methyl-D-glucoside  o r  0 . 2  m M  ph lo r i z i n .  50-#1 a l i q u o t s  we re  r e m o v e d  
a t  t h e  t i m e  in te rva l s  i n d i c a t e d ,  d i l u t e d  i n t o  1 m l  o f  co ld  0 . 1 5  M NaC1, r a p i d l y  f i l t e r ed  t h r o u g h  0 . 2 2  ~ m  
m i i l i p o r e  f i l ters  a n d  w a s h e d  w i t h  5 m i  o f  co ld  0 . 1 5  M NaC1. T h e  f i l ters  we re  t h e n  d i sso lved  in  a m o d i -  
f ied  B r a y ' s  s o l u t i o n  a n d  c o u n t e d .  Para l le l  r e su l t s  we re  o b t a i n e d  us ing  0 . 4 5  ~ m  mi i l i po re  f i l ters.  The  
p o i n t s  in  t he  f igure  a re  t h e  averages  o f  4 e x p e r i m e n t s .  

A potential use of  these findings may be in the field of  environmental 
research, inasmuch as the intestine is a major entry point  or target for noxi- 
ous environmental agents. Some of the effect  of these agents may be on the 
content  of  brush border roembrane enzymes or the activity of brush border 
membrane transport system. The membranes prepared as described would be 
a suitable test material. 
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