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A n  I m p r o v e d  P r o c e d u r e  for  P u r i f i c a t i o n  of  A l k a l i n e  P h o s p h a t a s e  f r o m  R a t  K i d n e y  

F o r  some time, the  work  in our  l abora to ry  has been 
concerned wi th  studies of ra t  k idney  alkal ine phospha-  
tase 1-3. Al though  several  procedures  for the  pur i f ica t ion 
of alkal ine phospha tase  f rom different  sources h a v e  been 
described ~-13, t he  enzyme  has never  been purif ied f rom 
ra t  kidney.  On the  o ther  hand,  the  appl ica t ion to the  
k idney  of the  me thods  employed  for the  pur i f ica t ion of 
the  alkaline phospha tase  f rom o ther  sources did not  yield 
good results.  The  paper  will  repor t  the  methods  t h a t  have  
been developed for pur i fy ing  alkaline phospha tase  f rom 
ra t  k idney.  

Materials and methods. The  animals  used were  young  
male  ra ts  of the  Wis t a r  strain,  weighing 100-150 g. 
Q u a n t i t a t i v e  alkal ine phospha tase  analysis  was  per formed  
a t  25°C by  a cont inuous  opt ica l  m e t h o d  descr ibed b y  
~IELANI a n d  GUERRITORE 14. The  reac t ion  mix tu r e  was as 
follows: 0.5 ml  of 200 m M  glycine buffer  (pH 10.4), 0.1 ml  
of 1.5 m M  MgS0~, 0,1 ml  of 150 m M  Na-p-n i t ropheny l -  
phosphate ,  0.02 or more enzyme solut ion and wa te r  to  
1 ml. 

The  ra te  of release of p -n i t rophenol  f rom Na-p-n i t ro-  
pheny lphospha te  was de te rmined  following the  increase 
in absorbance  a t  405 nm using an E p p e n d o r f  recording 
photometer ,  opera t ing  wi th  selected spectra l  lines f rom a 
m ercu ry  lamp.  

One  enzyme  uni t  was def ined as the  a m o u n t  which 
hydrolyzes  1/*mole of subs t r a t e /min  under  t he  condi t ions  
used. S ta rch  gel electrophoresis  was pe r fo rmed  in a 
hor izonta l  appa ra tu s  according to  SMITHIES I5 a t  10 °C for 
16 h using 0.3 j~r Tris/HCl buffer  (pH 8.8) in t h e  e lect rode 
c o m p a r t m e n t s ;  the  po ten t ia l  difference be tween  the  ends 
of the  gel was 150 V. Af te r  t he  electrophoresis  was com- 
pleted,  the  gel was sliced hor izontal ly .  Fo r  v isual iza t ion  
of phospha tase  ac t iv i ty ,  one por t ion  of the  gel was p laced 
in 100 ml of freshly mixed  solut ion conta in ing  100 mg  
sod ium ~-naphthy lphospha te ,  100 mg  Fas t  Bleu RR,  1 ml  
of 10 m M  MgCI~ and  50 ml  of 0 . 2 M  Tris/HC1 buffer  (pH 
8.8). The  o ther  por t ion  was s ta ined wi th  1% (w/v) 
Nigrosin W S  dissolved in methanol -ace t i c  ac id-water  
(9 :2 :9 ,  by  vol.) for 1 h. Af te r  washing  wi th  the  same 
so lvent  mix ture ,  p ro te in  components  were seen as blue- 
b lack  zone. 

P ro te in  con ten t s  were  de te rmined  by  the  b iure t  m e t h o d  
according to ~:3EISENHERTZ e t  al. x~, excep t  t h a t  for the  
individual  co lumn fractions,  p ro te in  con ten t  was esti-  
m a t e d  f rom the  opt ica l  dens i ty  a t  280 n m  as suggested 
by  ~VARBIJRG and CHRISTIAN 17 

Results. A typica l  p repara t ion  of alkal ine phospha tase  
is descr ibed below and the  resul ts  are  summar ized  in 
the  Table.  The  ent ire  procedure  was per formed a t  room 
tempera tu re .  The  rats  were killed by  decapi ta t ion .  The  
k idneys  were  r emoved  as rapid ly  as possible and homo-  
genized in a P o t t e r  appara tus  wi th  abou t  5 vo lumes  of 
0 .01M Tris buffer  (pH 7.8) conta in ing  0 .25M sucrose 
and 0.15 m M  ZnSO 4. Mitoehondria ,  nuclei  and cell debris  
were r emoved  f rom homogena te  by  centr i fuging for 15 
rain a t  I0,000 g. 

The  supe rna t an t  was cent r i fuged  60 rain more  to 
separa te  the  microsomes where the  enzyme  is located.  To  
br ing the  mierosomal  prote ins  in to  solution,  t h e  micro-  
somes were  suspended by  mechan ica l  s t i r r ing in a f reshly 
m a d e  ice cold 1% solut ion of sodium deoxycho la te  in 0.05 M 
Tris buffer  a t  p H  7.8. The  v o l u m e  of sodium deoxycho la te  
added  was such as to  con ta in  abou t  0.2 nag of deoxy-  
cho la te / e s t ima ted  m g  of microsomal  protein.  A t  this s tage 
purif ied pancrea t i c  l ipase (3 m g / m l  of microsomal  sus- 
pension) was added.  Af te r  6 h of incuba t ion  a t  25 °C wi th  

occasional  stirring, t he  mix tu r e  was centr i fuged a t  
100,000 g for 60 min  and the  clear supe rna t an t  was found to 
con ta in  over  60% of the  original  a c t i v i t y  of microsoma] 
suspension. This  supe rna tan t  was dialyzed agains t  0.05 M 
Tris buffer  (pH 8 . 1 ) f o r  12 h a t  5°C. Al iquots  of the  
dialyzate ,  corresponding to 30 mg  of microsomal  protein,  
were passed th rough  a D E A E - S e p h a d e x  A25 co lumn 
(20 × 2 cm) previous ly  equi l ibra ted  wi th  0 .05M Tris  
buffer, p H  8.1. The  co lumn was eluted wi th  a l inear  NaC1 
grad ien t  formed from 100 ml  of the  buffer  used for the  
equi l ibra t ion  and 100 ml  of  the  same buffer  con ta in ing  
1 M NaC1. The  e luate  was col lected in f ract ions of 1.8 ml  
and  each was tes ted  for opt ical  dens i ty  a t  280 nm and for 
alkal ine phospha tase  ac t iv i ty .  A typ ica l  e lut ion profile is 
given in F igure  i in which i t  is clear  t h a t  all  t he  alkal /ne 
phospha tase  ac t i v i t y  is recoverable  in t he  few ini t ial  
f ract ions a t  sodium chloride concen t ra t ion  ranging f rom 
0.03-0.15M. The  fract ions r ich in enzyme  were pooled,  
concent ra ted ,  d ia lyzed agains t  the  s ta r t ing  buffer  and 
then  r ech roma tog raphed  in the  same w a y  as before. The  
elut ion profi le is g iven in F igure  2, There  is only  a single 
peak  of 280 n m  absorbing mate r ia l  which corresponds to 

Preparation of alkaline phosphata~e from rat kidney 

Fraction Total Specific Yield Purifi- 
units activity % cation 

(u/rag (fold) 
protein) 

Crude extract  150 0.05 100 

Microsomal suspension 
in deoxyeholate 96 0.6 64 12 

Supernatant  after 
lipase digestion 64 1.6 43 32 

First  fractionation 
on DEAE- Sephadex 36 15 24 300 

Second fraetionation 
on DEAE-Sephadex 34 15.8 23 316 
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t h e  p e a k  of t h e  a lka l ine  p h o s p h a t a s e  w i t h o u t  a n y  f u r t h e r  
i m p o r t a n t  increase  of  specif ic  ac t iv i ty .  

T h e  a b s o r p t i o n  s p e c t r u m  of t h i s  m a t e r i a l  is g iven  in 
F i g u r e  3, T h e  absence  of a n y  p e a k  a t  260 n m  ind i ca t e s  
l ack  of s ign i f i can t  c o n t a m i n a t i o n  of nucIeic acids.  

S t a r c h  gel e lec t rophores i s  showed  t h a t  t h e  a rea  whi, ch  
s t a i n e d  for  p r o t e i n  also gave  a pos i t ive  p h o s p h a t a s e  
r eac t ion .  

Discussion. T h e  on ly  pu r i f i ca t ion  s t ep  wh ich  requ i res  
f u r t h e r  m e n t i o n  is t h e  a c h i e v e m e n t  of t h e  soluble  e n z y m e  
f rom mic rosomes  where  i t  is loca ted ,  c losely  assoc ia ted  
w i t h  inso luble  m a t e r i a l  ~s. 

T h e  m e t h o d s  used  v a r y  f rom s imple  w a t e r  e x t r a c t i o n  x~ 
to  autolysis*°  f r e q u e n t l y  a c c o m p a n i e d  b y  a s i m u l t a n e o u s  
o r  s e p a r a t e  t r e a t m e n t  w i t h  p r o t eo l y t i c  a g e n t s  z~ a n d  to  
b u t a n o l  e x t r a c t i o n  2z,zz. U n f o r t u n a t e l y ,  t h e  a p p l i c a t i o n  of 
t he se  m e t h o d s  to  t h e  k i d n e y  did  n o t  y ie ld  good resul ts .  
I n  t h e  fo rmer  e x p e r i m e n t s  2¢, a s ign i f i can t  so lub i l i za t ion  
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Fig. I. Fractionation on DEAE-Sephadex A-25 of alkaline phos- 
phatase from a mierosomal extract containing 30 mg of proteins. 
The extract was prepared from kidney mierosomes by the procedure 
described in the text and absorbed to a column of DEAE-Sephadex 
(20 × 2 era). Elution was achieved with a linear gradient formed 
from 100 ml of 0.05M TrislHC1 buffer (pH 8.1) in the mixing 
chamber and the same buffer + 1 M NaC1 in the reservoir flask. The 
eluate fractions (1.8 ml) were assayed for O.D. at 280 nm (solid line 
curve) and for alkaline phosphatase activity {broken line curve). 
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Fig. 2. Refraetionation on DEAE-Sephadex A-25 of the alkaline 
phosphatase obtained from the enzyme peak in Figure 1. Same 
column and system as in Figure 1. 

h a s  b e e n  a c h i e v e d  t h r o u g h  t h e  s i m u l t a n e o u s  t r e a t m e n t  
of t h e  m i c r o s o m a l  suspens ion  w i t h  d e o x y c h o l a t e  a n d  
t ryps in .  I n s t e a d ,  we h a v e  a t  p r e s e n t  i n t r o d u c e d  t h e  use  
of l ipase  t o  avo id  poss ib le  a l t e r a t i o n  of  t h e  s t r u c t u r e  of t he  
e n z y m e  d u r i n g  t r y p t i c  d iges t ion ;  t h e  e m p l o y m e n t  of 
] ipase ensures  a v e r y  eff ic ient  e x t r a c t i o n  also. T h e  pro-  
cedure  is rap id ,  easy,  r ep roduc ib l e  a n d  c a n  be  ca r r i ed  o u t  
w i t h  s m a l l  q u a n t i t i e s  of mate r ia l*L  
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Fig. 3. Absorption spectrum of purified alkaline phosphatase protein. 

Riassunto. Viene  desc i t to  u n  n u o v o  m e t o d o  pe r  la 
pur i f i caz ione  de l la  fosfa tas i  a l ca l ina  d a  r ene  di  r a t to .  L a  
m e t o d i c a  c o m p r e n d e  4 t a p p e :  (1) i s o l a m e n t o  de l la  f ra-  
z ione mic rosomia l e ;  (2) so lubi l izzaz ione  d e l l ' e n z i m a  dal le  
s t r u t t u r e  mic rosomia l i  p e r  mezzo  del  desoss icola to  e del la  
l ipas i ;  (3) f r a z i o n a m e n t o  c roma tog ra f i co  su D E A E -  
S e p h a d e x  A-25 ed  e luz ione  con  g r a d i e n t e  di c o n c e n t r a -  
z ione;  (4) r i c r o m a t o g r a f i a  del le  f raz ion i  a t t i v e  sullo s tesso  
s c a m b i a t o r e  an ionico .  Al l ' e l e t t ro fo res i  su gel d ' a m i d o  
l ' e n z i m a  o t t e n u t o  si c o m p o r t a  c o m e  u n a  p r o t e i n a  omo-  
genea .  
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