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Alkaline Phosphatase: A Marker Enzyme for Brush Border Membrane?* 

Inves t iga to rs  who are engaged in subcellular  fract io-  
na t ion  of renal  or in tes t ina l  t issue use alkaline p h o p h a t a s e  
( a .P ' t a se  = o r thophosphor ic  monoes te r  phosphohydro -  
lase, EC 3.1.3.1) as a marke r  enzyme for the  identifi-  
ca t ion of the  b rush  border  m e m b r a n e  fraction.  Resul ts  of 
s tudies  pe r fo rmed  wi th  the  aid of e lectron microscopic 
techniques  are confl ic t ing wi th  regard to the  subcellular  
local izat ion of a .P ' t a s e .  One group of inves t iga tors  de- 
scribed the  localization of a. P ' t a se  as being only in the  
microvil l i  of the  renal  p rox imal  tubu la r  celD, 3; ano the r  
group found the  enzymat i c  react ion p roduc t  to  be IocaIiz- 
ed in the  whole cell surface m e m b r a n e  including basal  
infoldings and  in the  m e m b r a n e  border ing  intercel lular  
space a, 4. A special technica l  analysis  revealed the  subcellu- 
lar d i s t r ibu t ion  of a. P ' t a s e  in the  renal  p rox imal  tubu la r  
cell depend ing  on the  par t icu lar  f ixat ion t echn ique  of 
specimens  for the  e lec t ron microscopeS. 

We therefore  re inves t iga ted  this  topic  of subcellular 
d i s t r ibu t ion  of a. P ' t a se ,  using an u l t ramicro techn ique  for 
q u a n t i t a t i o n  of the  ac t iv i ty  in the  basal  and luminal  area 
of the  epi thel ial  cell of ra t  renal  p rox imal  tubule.  

Methods. 5 male Wis t a r  ra ts  weighing 200 g were 
nephrec tomized .  A k idney  cone m o u n t e d  upr igh t  on a 
t i ssue-holder  was frozen in liquid n i t rogen and 16 ~m 
th ick  serial sect ions were cut  in a cryos ta t .  The first  sect ion 
was lyophil ized over  12 h (vacuum 5 • 10 -4 m m  Hg), the  
second was s ta ined wi th  PAS.  The s ta ined sect ion served 
as a guide for ident i f ica t ion  of the  p rox imal  convolu ted  
por t ion  (PTC) and  the  p rox imal  s t ra igh t  por t ion  (PTR) in 
t he  lyophil ized section. 

Single PTC and  P T R  were dissected out  f reehand  
f rom the  lyophil ized sect ion under  a s tereomicroscope 
( •  100) in a room of cons t an t  t e m p e r a t u r e  (18~ and 
h u m i d i t y  (43 %). At  a 100-fold magni f ica t ion  the  d iamete r  
of PTC and  P T R  is large enough to separa te  the  luminal  
and  basal  areas f rom the  p rox imal  tubu la r  epithelial  
cell. The d ry  t issue f r agmen t s  were weighed on a quar t z  
f iber balance.  The dry  weights  of the  luminal  and basal  
areas ranged  f rom 1-6 ng, of single PTC from 10-20 ng, 
of P T R  f rom 10-25 ng. The dry  weight  served as reference 
for enzyme act ivi ty .  The following subs t ra te  med ium was 
used for measur ing  a . P ' t a s e  act ivi tyS:  2-amino-2-methyl  
1.3 propanedio l  0.5 M p H  10.0 ; p -n i t ro -pheny l  phospha t e  
8 r a M ;  MgC12 2 r a M ;  bovine  se rum a lbumin  0.05%. To 
de te rmine  the  cyanide-sens i t ive  ac t iv i ty  fraction,  10 m M  
cyanide  (CN) were added  to  the  subs t r a t e  medium.  700 nl 
subs t r a t e  med ium were placed at  the  b o t t o m  of wells in 
an ice-cooled tef lon block;  single d ry  t issue pieces were 
p u t  into the  m ed ium drop le t  and  covered wi th  oil drople ts  
to p r even t  evapora t ion .  Af te r  incuba t ion  for 30 min at  

Table I. Subcellular distribution of alkaline phosphatase activity in 
epithelia of rat renal proximal tubular segments 

Structure One single Basal area Luminal 
portion area 

PTC 36.6~211.9 �9 41.9~11.1 137.8-~7922 
(9) (15) (12) 

PTR 19.0~ 7.3 11.7~: 5.5 171.0~70.5 
(s) (7) (io) 

PTC, proximal tubular convoluted portion; PTR, proximal tubular 
straight portion, a MKH = moles p-nitrophenol/kg dry weight/h at 
37~ Number of analyses, in brackets. 

37 ~ in a wa te r  ba th ,  the  enzyme reac t ion  was s topped  by  
hea t ing  the  teflon block for 3 rain a t  100~ the  teflon 
block was a f te rwards  cooled in an ice ba th .  600 nl of the  
incuba t ion  m e d i u m  were p i p e t t ed  in to  50 ~1 0:15 N 
N a O H  and kep t  a t  room t e m p e r a t u r e  for 20 min. The 
react ion p roduc t  p -n i t rophenol  was m e a s u r e d  in a 
mic rocuve t t e  a t  410 nm. 

The enzyme ac t iv i ty  was expressed  in moles p-ni t ro-  
phenol /kg  d ry  weigh t /h  a t  37 ~ 

Results  and discussion. In  the  epi thel ia l  cell of the  
p rox imal  tubule ,  the  basal  l aby r in th  is l imi ted  to the  
basal  area whereas  the  brush  border  represen ts  the  luminal  
area. Basal  infoldings do no t  reach the  luminal  surface. 
Therefore  i t  is re la t ively  easy to  separa te  f rom the  
p rox imal  tubu la r  cell the  basal  area, which  conta ins  
exclusively basal  l abyr in th  m e m b r a n e s  beside mi tochon-  
dria, and the  luminal  area including b rush  border  mem-  
branes  7. 

Table 1 shows t h a t  a. P ' t a s e  is no t  only found in brush  
border,  bu t  also in basal  area f r agment s  of PTC and PTR.  
The ac t iv i ty  in basal  area f r agmen t s  is re la t ively  s t rong 
compared  wi th  the  ac t iv i ty  of the  to ta l  segment .  There- 
fore a P ' t a s e  does no t  reveal  an ac t iv i ty  a s y m m e t r y  for 
t he  subcellular  d i s t r ibu t ion  as shown for Na K ATPase  
in t he  p rox imal  tubu la r  cell s. 

The results  raise two ques t ions :  1. Does the  hydro ly t ic  
ac t iv i ty  in the  basal  area concern a real  a. P ' t a se  ac t iv i ty  ? 
2. W h a t  subcellular  s t ruc ture  of the  cel lbase is t he  ac t iv i ty  
bound  to ? As to  the  first  po in t :  Table  I I  demons t r a t e s  a 
CN-sensi t ive a. P ' t a s e  ac t iv i ty  wi th in  the  basal  area of 
PTC and PTR.  Cyanide (CN) s t ands  for a specific inhibi tor  
of a. P ' t a se  in a n u m b e r  of t issues including k idney  9,1~ 
The re la t ively  s t rong CN-insensi t ive  hydro ly t i c  fract ion 
in the  basal  area of 50% (PTC) and 30% (PTR) - compar-  
ed to  luminal  area - might  represen t  ATPase  activi ty,  
e.g. Mg ATPase .  At  p H  10.0, where  the  a . P ' t a s e  is fully 
active,  Na  K ATPase  will be inac t iva ted ,  whereas  oua- 
bain  insensi t ive Mg ATPase  d e m o n s t r a t e s  still an opt imal  
ac t iv i ty  n. However ,  CN in a 10 m molar  concent ra t ion  
has  no influence on bo th  ATPases11. Therefore  the  CN- 
sensi t ive ac t iv i ty  f rac t ion (Table II) s tands  for a .P ' t a se .  

As to the  second poin t  : In  the  basal  area of PTR,  there  
is only  1/3 of CN-sensi t ive a. P ' t a s e  compared  to  the  iden- 
t ical  area of PTC (Table I I )  Morphomet r i c  d a t a  reveal 
t h a t  the  a m o u n t  of basal  l aby r in th  m e m b r a n e  and  mito-  
chondr ia  in the  cell of P T R  is only 1/a of t h a t  of PTC 12 
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Table II. Cyanide (CN~ sensitive alkaline phosphatase activity in the basal and luminal area of rat renal proximal tubular segments 

Structure Without  CN With 10 m M  CN CN sensitive CN-sensitive activity 
phosphatase total activity 

Basal area from PTC 41.9• (15) 20.4-t-14.8 (7) 21.5 0.51 
from PTR l l . 7 T  5.5 (7~ 3.82_ 1.4 (6) 7.9 0.68 

Luminal area from PTC 137.8J 79.2 {12) 3.62= 2.8 (5) 134.2 0.97 
from PTR 171.0-t-70.5 (10) 4.2z= 2.5 (6) 166.8 0.97 

PTC, proximal tubular convoluted portion: PTR, proximal tubular straight portion. ~ MKH -- inoles p-nitrophenol/kg dry weight/h at 37~ 
2_ SDM. Number of analyses in brackets. 

As  y e t  it is n o t  c l ea r  w h e t h e r  m i t o c h o n d r i a l  m e m b r a n e  
c o n t a i n s  a. P ' t a s e l ~  A n o t h e r  i n t r a c e l l u l a r  s i t e  of  a. P ' t a s e  
is t h e  Go lg i  a p p a r a t u s .  M o r p h o m e t r i c  d a t a  in  r a t  r e n a l  
t u b u l e  r e v e a l  a m u c h  h i g h e r  a m o u n t  of  Golg i  m e m b r a n e s  
in  t h e  P T R  t h a n  in t h e  P T C  e p i t h e l i a  14 H o w e v e r ,  
a . P ' t a s e  in  ba sa l  a r e a  d e m o n s t r a t e s  a n  i n v e r s e  a c t i v i t y  
p a t t e r n  (Tab l e  I~ T h e  c o n c l u s i o n  c a n  be  d r a w n  t h a t  
a . P ' t a s e  a c t i v i t y  (Tab l e  I a n d  II I  in  t h e  b a s a l  a r e a  of  
P T C  a n d  P T R  b e l o n g s  to  t h e  b a s a l  l a b y r i n t h  m e m b r a n e .  

T w o  t h i r d s  of  a. P ' t a s e  in r a t  r e n a l  t u b u l a r  e p i t h e l i a  
c o n s i s t  of  a n  i n s o l u b l e  d e s m o e n z v m e  a n d  ~/a of  a s o l u b l e  
l y o e n z y m e  ~5. T h e  l y o e n z y m e  is  l oca l i zed  in  t h e  b a s a l  l a b y -  
r i n t h  m e m b r a n e  as  s h o w n  b y  e l e c t r o n  m i c r o s c o p i c  
t e c h n i q u e  15. T h i s  m i g h t  e x p l a i n  t h e  l a c k  of  a . P ' t a s e  in  
b a s a l  l a b y r i n t h  m e m b r a n e  f rac t ions~6.  

O u r  r e s u l t s  s h o w  t h a t  a. P ' t a s e  is l oca l i zed  in  t h e  w h o l e  
s u r f a c e  m e m b r a n e  of t h e  r e n a l  p r o x i m a l  t u b u l a r  cell, 
i n c l u d i n g  t h e  b a s a l  i n f o l d i n g s .  T h i s  f a c t  e x c l u d e s  a. P ' t a s e  
to  s e r v e  as  a m a r k e r  in  d i f f e r e n t i a t i n g  b r u s h  b o r d e r  
f r o m  b a s a l  l a b y r i n t h .  A s  a p r o o f  for  t h e  p u r i t y  of  t h e  
b r u s h  b o r d e r  f r a c t i o n ,  we  p r o p o s e  t h e  l a c k  of  N a  K A T P a s e  
a c t i v i t y  as  s u c h  a m a r k e r .  N a  K A T P a s e  is l oca l i zed  o n l y  
in  t h e  b a s a l  l a b y r i n t h  m e m b r a n e  a n d  is m i s s i n g  in  t h e  
b r u s h  b o r d e r  s. 

Zusammen/assung. M i t  H i l f e  e i n e r  U l t r a m i k r o t e c h n i k  
k o n n t e  a n  i s o l i e r t e n  g e w u n d e n e n  u n d  g e r a d e n  H a u p t -  
s t r i c k e n  d e r  R a t t e n n i e r e  g e z e i g t  w e r d e n ,  d a s s  d ie  a l k a l i s c h e  
P h o s p h a t a s e  n i c h t  n u r  in  d e r  B r i r s t e n s a u m - ,  s o n d e r n  

a u c h  in  d e r  b a s a l e n  L a b y r i n t h m e m b r a n  l o k a l i s i e r t  is t .  
D a s  E n z y m  i s t  i n f o l g e d e s s e n  k e i n  g e e i g n e t e s  L e i t - E n z y m  
zu r  E r k e n n u n g  de s  B r i r s t e n s a u m e s  a u s  e i n e m  P l a s m a -  
m e m b r a n g e m i s c h .  E s  w i r d  v o r g e s c h l a g e n ,  d a s  F e h l e n  de r  
N a  K A T P a s e - A k t i v i t ~ L t  a l s  M a s s  f i ir  d ie  R e i n h e i t  de r  
B r i r s t e n s a u m f r a k t i o n  zu  b e n u t z e n .  
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R e a c t i o n  of  D N A  w i t h  P h o s p h o r i c  A c i d  E s t e r s :  G a s o l i n e  A d d i t i v e  a n d  I n s e c t i c i d e s  

T r i m e t h y l  p h o s p h a t e  (T M P ) ,  a g a s o l i n e  a d d i t i v e  a n d  t h e  
i n s e c t i c i d e s  d i c h l o r v o s  ( D D V P ,  0 , 0 - d i m e t h y l - 2 ,  2 -d ich l -  
o r o v i n y l  p h o s p h a t e )  a n d  d i p t e r e x  (dy lox ,  0, 0 - d i m e t h y l - 2 ,  
2, 2 - t r i c h l o r o - l - h y d r o x y e t h y l  p h o s p h o n a t e )  ha , ( e  r e c e n t l y  
b e e n  r e p o r t e d  to  e x h i b i t  ' s u s p i c i o u s '  b io log ic  p r o p e r t i e s  
s u g g e s t i n g  t h a t  t h e y  m a y  h a v e  a d v e r s e  e f f e c t s  o n  h e a l t h .  
�9 T h u s  T M P  is m u t a g e n i c  in  m i c e  t a n d  D D V P  in  E. coli 3. 
D i p t e r e x  h a s  b e e n  s t a t e d  to  be  w e a k l y  c a r c i n o g e n i c  for  
r a t s  3 a n d  D D V P  to  c a u s e  c h r o m o s o m e  a b e r r a t i o n s  in  
o n i o n  r o o t  t i p  cel ls  4. I n  t e r m s  of  p r e s e n t  c o n c e p t s ,  al l  of  
t h e s e  p h e n o m e n a  p r e s u m a b l y  r e s u l t  f r o m  a n  e f f ec t  of  
t h e s e  a g e n t s  o n  ce l lu l a r  D N A .  I n d e e d  t h e  a l k y l a t i o n  of 
D N A  b y  D D V P  h a s  b e e n  r e p o r t e d  5. I n  t h i s  r e p o r t  t h e  
e f f ec t  of  D D V P  o n  D N A  is c o n f i r m e d ,  m o r e o v e r ,  i t  is 
s h o w n  t h a t  T M P  a n d  d i p t e r e x  a l so  a l t e r  D N A .  T h i s  m a y  
t h e n  p r o v i d e  a c h e m i c a l  b a s i s  for  t h e  o b s e r v e d  b io log i ca l  
e f f ec t s  of  t h e s e  s u b s t a n c e s .  

E x p o s u r e  of  D N A  to  t h e s e  p h o s p h o r i c  a c id  e s t e r s  6 re-  
s u l t e d  in  n o t i c e a b l e  d i m i n u t i o n s  in  t h e  s e d i m e n t a t i o n  co- 
e f f i c i e n t  of  t h i s  b i o p o l y m e r  (Tab le ) .  P r e s u m a b l y  t h e s e  
c h a n g e s  r e f l ec t  a l k y l a t i o n  of  D N A  f o l l o w e d  b y  s o m e  de-  
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