
Volume 249, number 2, 321-323 FEB 07222 June 1989 

Identification of the bovine brain Ins(1,4,5)P 3 5-phosphatase after 
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Ins(1,4,5)P a 5-phosphatase catalyzes the dephosphorylation of Ins(l,4,5)P 3 in the 5-position. In a high speed soluble frac- 
tion of bovine brain, there are two soluble 5-phosphatases: type I and type II. The purified Ins(l,4,5)P 3 5-phosphatase 
type I exhibits a major silver-stained band of 43 kDa on denaturing (SDS) gels. It is possible to extract the 5-phosphatase 
activity form a duplicate lane after gel electrophoresis. The 43 kDa region contains the extractable Ins(1,4,5)P a 5-phos- 

phatase activity. 

Ca2+; Inositol 1,4,5-trisphosphate 5-phosphatase; (Bovine brain) 

1. I N T R O D U C T I O N  

Ins(1,4,5)P3, a second messenger for  mobilizing 
intracellular calcium [1,2], has been shown to be 
metabol ized by two key enzymes:  Ins(1,4,5)P3 
5-phosphatase,  which catalyzes the dephosphory-  
lat ion o f  Ins(1,4,5)P3 in the 5-position, and 
Ins(1,4,5)P3 3-kinase, which catalyzes the fo rma-  
t ion  o f  Ins(1,3,4,5)P4 [3]. Recent  evidence indi- 
cates that  Ins(1,3,4,5)P4 shows specific biological 
effects.  A synergism between Ins(1,4,5)P3 and 
Ins(1,3,4,5)P4 has been proposed  as a control  
mechan i sm o f  calcium entry f rom outside the cell 
or  inside the cell o f  calcium exchange between two 
calcium pools  ([4,5] and discussed in [6]). In  
bovine  brain (and m a n y  other  tissues, see [7] for  
review), Ins(1,4,5)P3 5-phosphatase  is most ly  

associated to the part iculate fraction.  A high speed 
soluble f ract ion indicates the presence o f  two solu- 
ble 5-phosphatases:  type I and type II  [8,9]. Type 
I soluble enzyme and the part iculate Ins(1,4,5)P3 
5-phosphatase  dephosphoryla te  bo th  Ins(1,4,5)P3 
and Ins(1,3,4,5)P4 with exactly the same kinetics 
(Kin values and Vm~ ratio for  bo th  substrates [9]). 

We have previously reported the purif icat ion o f  
type I Ins(1,4,5)P3 5-phosphatase  in bovine brain 
[9]. In  this paper,  we identify the protein after 
SDS-polyacrylamide  gel electrophoresis.  The 
5-phosphatase  exhibits a ma jo r  silver-stained band  
with an  apparent  molecular  mass o f  43 kDa.  

2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Materials 
Chemicals were obtained as cited previously [9]. 
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2.2. Purification of bovine brain Ins(1,4,5)P3 5-phosphatase 
Ins(l,4,5)P3 5-phosphatase (type I) was purified as previously 

described by DEAE Sephacel, followed by Blue Sepharose, 
Sephacryl S-200 and phosphocellulose [9]. After phosphocellu- 
lose, the enzyme (1 mg) was dialyzed against 20 mM Tris-HC1, 
pH 7.5, 0.1 mM EGTA, 2 mM MgCI2, 10°70 glycerol, 0.4 mM 
phenylmethanesulfonyl fluoride and 5/zM leupeptin (buffer B), 
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diluted 5-fold and applied to a Blue Sepharose column (2.8 × 
0.7 cm) at a flow rate of 30 ml/h. Fractions were of 0.9 ml. The 
column was washed with 10 ml of buffer B followed by l0 ml 
of 0.1 M NaCl in buffer B and 10 ml of 10 mM 2,3-bisphos- 
phoglycerate in buffer B. 5-Phosphatase was eluted with both 
the 0.1 M NaC1 salt and the bisphosphoglycerate eluate 
(80-9007o recovery of activity at 30/zM Ins(l,4,5)P3 substrate 
level). The fractions were analyzed by SDS-polyacrylamide gel 
electrophoresis and proteins were visualized by the silver-stain 
procedure [10]. The fractions containing the highest specific 
activity were pooled (3.6 ml) and concentrated by speed vac to 
1 ml. Protein concentrations were estimated by the procedure 
of Bradford [11]. 5-Phosphatase activity was determined as 
previously described [9]. Specific activities of purified type I 
Ins(l,4,5)P3 5-phosphatase were 20-40/~mol/min per mg of 
protein at 37°C and 30/~M Ins(1,4,5)P3. We calculated the 
purification to be approximately 3000-fold as compared to the 
crude soluble fraction. 

2.3. SDS-polyacrylamide gel electrophoresis 
All steps were performed at 4°C. Enzyme preparation was 

made 62 mM Tris-HCl, pH 6.8, 3070 SDS, 5070 2-mercapto- 
ethanol, 10070 glycerol 'sample buffer' and immediately run 
(without boiling) on a SDS 10070 polyacrylamide mini slabgel 
[12]. After electrophoresis at 200 V (60 min), the gel was cut 
into two parts: one part was silver-stained, the other was sliced 
into 2 mm sections. Each slice was homogenized in 0.5 ml or 
1 ml of 84 mM Hepes/NaOH, pH 7.5, 1 mg/ml bovine serum 
albumin, 12 mM 2-mercaptoethanol and 25070 sucrose. After 
12 h incubation at 4°C, a sample of each fraction was assayed 
for activity in the presence of 1070 Triton X-100 for 30-60 rain 
incubation at 37°C. Recovery of enzyme activity was about 
30-60070 of the material loaded on the gel in several separate ex- 
periments. 

3. RESULTS A N D  DISCUSSION 

In the following experiments, we aimed to iden- 
tify the purified Ins(1,4,5)P3 5-phosphatase (spec. 
act. 20-40/~mol/min per mg of protein) after 
SDS-polyacrylamide gel electrophoresis. Preli- 
minary experiments indicated that the anionic 
detergent SDS strongly inhibited Ins(1,4,5)P3 5- 
phosphatase activity. At 0.1%0 SDS, the enzyme 
was totally inactive. However, this effect could be 
partially reversed provided the assay was per- 
formed in the presence of a nonionic detergent 
Triton X-100 at 1%0. When added to 'sample 
buffer', Ins(1,4,5)P3 5-phosphatase activity was 
20% of its control value pro-tided the material was 
not boiled (not shown). We concluded from these 
data that the material subjected to SDS-polyacryl- 
amide gel electrophoresis showed Ins(1,4,5)P3 
5-phosphatase activity. Other enzymes, e.g. phos- 
phatidylinositol kinase from bovine brain myelin 

or from bovine uteri could be extracted after SDS- 
polyacrylamide gel electrophoresis [13,14]. After 
electrophoresis, one lane was sliced into 2-mm sec- 
tions as described in section 2. Ins(1,4,5)P3 5-phos- 
phatase was associated with a major peak of activi- 
ty with an apparent molecular mass of 43 kDa. 
Silver staining from a duplicate lane demonstrated 
a single major protein with the same Mr (fig. 1). The 
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Fig.1. SDS-polyacrylamide gel of purified Ins(l,4,5)P3 
5-phosphatase. (A) Localization of Ins(1,4,5)Pa 5-phosphatase 
after SDS-polyacrylamide gel electrophoresis. One lane (50 mm 
length) was cut into 2 mm sections, extracted and assayed for 
activity. Ins(1,4,5)P3 concentration was 1/~M and assay 
mixture contained 1% Triton X-100. (B) The other part of the 
electrophoresis was silver-stained. Lane 1 contains 0.4/~g of 
purified Ins(1,4,5)P3 5-phosphatase. Lanes 2 and 3 contain 
proteih standards consisting of 0.09/zg of phosphorylase b (M, 
94000), 0.12/~g of bovine serum albumin (Mr 67000), 0.21/Lg 
of ovalhumin (Mr 43000) and 0.12/~g of carbonic anhydrase 

(M, 30000). 
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pu r i f i ed  enzyme e luted as a single c o m p o n e n t  f rom 
a Sephacry l  S-200 co lumn  with an a p p a r e n t  
m o l e c u l a r  mass  o f  37 _+ 3 k D a  [9]. T a k e n  together ,  
these results  suggest  tha t  the bovine  b ra in  
Ins(1,4,5)P3 5 -phospha tase  type  I is a m o n o m e r .  
These  results  are  c o m p a r a b l e  to  the  d a t a  r epo r t ed  
by  C o n n o l l y  and  Ma je ru s  for  the  Ins(1,4,5)P3 
5 -phospha t a se  o f  h u m a n  pla te le ts  [15]. Their  
pu r i f i ed  enzyme mig ra t ed  with  an  a p p a r e n t  
m o l e c u l a r  mass  o f  45 k D a  [3] on  SDS gels, bu t  the 
enzyme  m a x i m a l  specific act ivi ty  was 10 -20- fo ld  
lower  as c o m p a r e d  to  the  bovine  b r a i n  enzyme [15]. 

In  conc lus ion ,  to ob ta in  pa r t i a l  a m i n o  acid  se- 
quence  i n f o r m a t i o n  o f  the  Ins(1,4,5)P3 5-phos-  
pha t a se  and  specific p robes  [16], it was essential  to 
iden t i fy  the  p ro t e in  on  SDS gels. The  pur i f ied  
Ins(1,4,5)P3 5 -phospha tase  type  I o f  bovine  b ra in  
exhibi ts  a m a j o r  s i lver-s ta ined b a n d  o f  43 k D a  on  
dena tu r ing  gels. The  d a t a  p resen ted  here d e m o n -  
s t ra te  tha t  the  43 k D a  reg ion  conta ins  the  ext rac t -  
ab le  Ins(1,4,5)P3 5 -phospha tase  act ivi ty .  
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