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Abstract-Phytase isolated from germinated mung bean cotyledons was further purified and migrated as a single 
protein band in polyacrylamide gel electrophoresis. The MW obtained by SDS polyacrylamide gel electrophor- 
esis is 158000. Sn-3-glycerylphosphocholine (Sn-3-GPC) has a regulatory role on phytase; it is promotive below 
30/1M and inhibitory at higher concentrations. The inhibition is competitive with a K, of 6 x 10-‘M. The K, 
for myo-inositol hexaphosphate is 4 x 1O-4 M. In the dephosphorylation of phytate the phosphate from position 
6 is liberated first, followed by those at positions 5 and 4, or I and 3. The phosphate at position 2 is stable. 

INTRODUCTION 

THE DEPHOSPHORYLATION of phytate by phytase1v2 (myo-inositol hexaphosphate phospho- 
hydrolase, E.C. 3.1.3.8) in germinating seeds has recently attracted many workers-” This 
enzyme is widely distributed not only in various higher plants but also in animal tissues12 
as well as in many species of fungi.3 In our laboratory it has been shown that phytase is 
not present in the cotyledons of ungerminated mung bean seed but it appears during ger- 
mination de IZOZ)O. ‘,I3 This enzyme was subsequently isolated and partly characterized.’ The 
present paper deals with further purification, characterization, and mode of action of the 
enzyme. The stimulation as well as inhibition of phytase activity by Sn-3-glycerylphospho- 
choline (Sn-3-GPC) is also recorded. 

RESULTS 

PuriJcation and isolation of phytase from polyacrylamide gel after electrophoresis 
Phytase prepared by Mandal rt al.’ (first bentonite step in Table 1) after electrophoresis 

on polyacrylamide gels showed two protein bands, the major for phytase and the minor 

* Part VIII in the series “Metabolism of Inositol Phosphates”. For Part VII see Phytochemistry 12,321 (1973). 

’ MANUAL, N. C., BURMAN, S. and BISWAS, B. B. (1972) Phytochemistry 11, 495. 
’ DARBRE, A. and NORRIS, F. W. (1957) Biochrm. J. 66,404. 
3 COSGROVE. D. J. (1966) Rev. Pure Anal. Chrm. 16.209. 
4 COURTOIS,‘J. (1947) Bk Sot. Cltim.‘~iol. 29, 944.’ 
5 PEERS, F. G. (1953) Biochm. J. 53, 102. 
’ MAYER. A. M. (1958) E17z~r11olo~qlicr 19. I. 
’ NAGAI, Y. and FUNAHASHI, S. (1962) Ayric. Eiol. C/wm. Tokyo 26, 784. 
* GIBINS, L. N. and NORRIS, F. W. (1963) Biochem. J. 86,67. 
9 GREAVES, M. P., ANDERSON, G. and WEBLY. D. M. (1967) Biochim. Biophys. Acfa 132,412. 

lo POWER, V. K. and JAGANATHAN, V. (1967) Indian J. Biochem. 4, 184. 
‘I LIM, P. E. and TATE, M. E. (1971) Biochim. Biophys. Actn 250, 155. 
I2 BITAR, K. and REINHOLD, J. G. (1972) Biochim. Biophys. Acta 268, 442 
I3 MANDAL. N. C. and BISWAS. B. B. (1970) Plant Physiol. 45, 4. 
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for phosphatase activity. Attempts to purify phytase from the phosphatase by gel filtration 
using Biogel P200 column (1.5 x 25 cm) wet-c not successful. The MW of phytasc and 
phosphatase were found to be cn 160000.’ Since gel filtration was unsuitable for separating 
the two enzymes, an attempt was made to isolate them by polyacrylamide gel electrophor- 
esis on a large scale as described earlier. ’ The gel slices were resuspended in 0.05 M Tris- 
HCl, pH 7, and homogenized for 4min by the Sorvall Omnimixer at 0’ and kept cold. 
After 6hr the homogenized fractions were centrifuged at 1OOOOy for 1 hr. The superna- 

tant was filtered through a Biichner funnel under a vacuum. The filtrate was dialyzed ovcr- 
night against Tris-HCl buffer pH 7. Each fraction was assayed for phytase and phospha- 
tase. The phytase was found in fraction ! 8 and phosphatase in 21. The preparation of phy- 
tase thus obtained migrated as a single band when subjected to polyacrylamide gel clcctro- 
phoresis. This preparation was used for subsequent experiments. 

Purification steps 
Protein sp. act. ~rot:(l unit 

Cm& Phosphatase Phytase Phosphatase Phj tase 

1 First Bentonite x 13 32 IO-1 ?itj -_ 
2 Second Bentonite 6 IJ 40 s4 J-10 
3 Polyacrylamlde gel 

fractionation 3.5 64 -- l’4 

One unit ofenzyme has been defined as that amount of protein which can liberate I ~cmol P, hr from respective 
substrate under experimental conditions. The assaq procedure and earlier puritkatlon steps were those of Mandal 
et al.’ 

Molecular weight of phytase 

To determine the MW of phytase, the enzyme (30 pg) was subjected to polyacrylamide 
gel electrophoresis in the presence of sodium dodecyl sulphate (SDS) (see Experimental). 
Only one protein band was detected for phytase. The distance through which the protein 
moved was determined, and from the curve obtained with standard proteins as described 
earlier, the MW of phytase was calculated to bc RI 158000. However. the presence of 
subunits of identical nature has been ruled out by the MW determined hy passing through 
Biogel P200 in absence of SDS.’ 

EfSect qf Sn-3-GPC und other lipids OH phj,tase actkit) 

Sn-3-GPC at low concentration (below 30 ELM) has been found to promote the phytasc 
activity by 30% over the control, whereas at higher concentration it is inhibitory. Complete 
inhibition occurs at 0.5 mM. Other lipids and phospholipids tested were stimulatory to 
some extent but not inhibitory at high concentration. 

Methyl stearate, Na-tauroglycocholate. methyl laurate. methyl myristate. methyl palmi- 
tate (0.1-0.5 pmol), and lysolecithin and lysophosphatidyl ethanolamine (5&200 ~lg). were 
tested using the method of Mandal clt ~1.~ Activity was 1@30”,,-greater than in the 
control. 

The nature of inhibition by Sn-3-GPC 

From a Linweaver-Burke plot. the nature of inhibition of phytase by SII-3-GPC was 
shown to be competitive. This was verified with two different concentrations of phytate 
(0.5 and 1 pmol/ml). Ki calculated from these plots was 6 x l()- ’ M. 
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The mode of dephosphorylation of IP, by phytase 

The question arises whether dephosphorylation of myo-inositol hexaphosphate by 
phytase isolated from germinating mung bean seed is a stepwise process or not. Myo-In- 
ositol-6-32P-hexaphosphate prepared by the procedure described under Experimental was 
hydrolysed by phytase liberating non-labelled intermediates, and labelled Pi (Table 2). 
Similarly when inositol 5-32P-hexaphosphate was hydrolysed by phytase IP, and Pi were 
radioactive and the decrease in counts in the IP, fraction was associated with an increase 
in counts in the Pi fraction. No radioactivity was detected during the time course exper- 
iment in other products IP,, IP,, IP, and IP,. Alternatively when inositol-3-32P-hexa- 
phosphate was used as substrate for phytase the reaction products IP,, IP,, IP3 and Pi 
were radioactive but no counts were detected in IP2 and IP, indicating that prior to clea- 
vage of the phosphate group at position 3, either that at position 4 or 1 might be cleaved. 
It appears from the data in Table 2 that cleavage of phosphate in IP, starts from position 
6 and this is followed by positions 5 and 4, 1 and 3 or 1 and 4. 

TABLE 2. MODE OF DEPHOSPHORYLATION OF SPECIFICALLY 32P-~~~~~~~~ INOSITOL HEXAPHOSPHATE BY PHYTASE 

Substrate 
Time 
(min) IP, IP, 

cpm in inositol phosphate 
IP4 IPs IPI IP, 

95 
6-“P-1P 6 185 

296 
38.5 

5-“P-1P 6 

3-=P-IP 20 90 135 210 80 80 
b 30 10 60 190 160 175 

40 10 100 150 337 
50 22 82 - 488 

IP, (6-3’P), IP, (5-3’P) and IP, (3-32P) were prepared by PI-kinase reaction with the substrate IPs (6-OH), 
IPs (5-OH) and IPs (3-OH) respectively using j?-y-s2P-ATP as phosphate donor. The reaction mixture was 
passed through Dowex-1 (Cl-) column (0.5 x 8 cm) and the phytase product (Pi and inositol phosphates) were 
eluted with different concentration of HCl. The specific activity (cpm/pmol phosphate) of 6-32P-IP,, 5-s*P-IP, 
and 3-32P-IP, were respectively 820, 900 and 1000 and the input were 410, 400 and 600 cpm respectively. 

DISCUSSION 

Phytase isolated from the cotyledons of germinating mung bean seeds has optimal acti- 
vity at pH 7.5,’ but phytase isolated from other sources is active at an acidic pH. However, 
the induced phytase in Bacillus subtilis has a pH optimum at 7. Recently F2 phytase iso- 
lated from wheat bran14 was shown to have a pH optimum at 7.2. Since phytase from 

I4 LIM, P. E. and TATE, M. E..(1973) Biochim. Biophys. Acta 302, 316. 
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different sources is only partly purified and is invariably associated with acidic phospha- 
tase and pyrophosphatase, the pH optimum of phytase might be influenced by the pres- 
ence of these enzymes. In order to distinguish our preparation, extensive purification of 
phytase was undertaken. From Biogel filtration and polyacrylamide SDS gel electrophor- 
esis it appears that the enzyme contains only subunits of MW 158000. This is the most 
extensively purified preparation of phytase reported so far. Tomlinson and Ballou l5 
showed that a partially purified phytase preparation degraded phytase by two distinct 
pathways. Taking this observation as well as the report of the occurrence of acidic phytasc 
from plants, it was of interest to know whether the pH of this phytase could be changed 
in the presence of other components or factors. Recently a report appeared that lysole- 
cithin could activate phytase from wheat bran. I1 However. no change in pH optimum or 
mode of degradation of phytate was observed. Similarly we tested the effect of different 
lipids on the phytase system. It has been found that Sn-3-GPC at ditrerent concentrations 
can either activate or inactivate the enzyme. but no shift in pH optimum has been 
recorded. 

The mode of action of phytase in our case was studied using a different approach. We 
prepared specifically labelled inositol hexaphosphate by using appropriate substrates and 
the enzyme phosphoinositol kinase. ’ 6 It has been observed that the degradation of phytate 
is a stepwise process. The degradation starts from position 6 followed by positions 5 and 
4. 1 and 3 or 1 and 4. Moreover, this pattern is not influenced by the presence of S77-.‘I-GPC. 
Thus the steps of degradation of inositol hexaphosphate by the phytasc described here may 
be as follows since the elimination of .72P at specific positions was studied without deter- 
mination of L or D forms. 

1,2,3,4_IP4+Pi - 1,2.3,4,5 -IPs+Pi dlP6 +PhytaSe 

2-IP + Pi - l,2_IP*+Pi - l,2,3_lP~+Pi 2,3,4_IPs+pi B 2,4_IPz+Pi -2_lP+Pi 

This mode of degradation is somewhat different from that reported for other sys- 

tems. *4.17-21 Although some of the properties of the present enzyme are similar to those 
of the F2 phytase from wheat bran.14 other characteristics such as MW. inhibition by Pi 
and Sn-3-GPC and mode ofaction are distinct from the latter. This is suggcstivc that mung 
bean phytase is different from F, wheat bran phytase. 

EXPERIMENTAL 
Material. Seed of Ph~rs~olus aureus var. B-l were obtained from Seed Multiplication Farm. Berhampore. 

West Bengal. Sn-3-GPC and other lipids were obtained from Biochemical Unit. V.P. Chest Institute. Delhi. 2-P- 
inositol was obtained from Sigma Chemical Co.. U.S.A. IP, (&OH). IP, (5-OH), IP, (3-OH) and IP, (?-OH) 
were kindly donated by Dr. M. E. Tate. University of Adelaide, South Australia. 

Purijicafion of’ph~tosr. The isolation procedure \vas that of Mandal CI (I/.’ Phytase was treated twice wnh ben- 
tonite; the supernatant contained the enzyme with a shght contamination of phosphatase. This preparation was 
used for the gel electrophorcsis. Phytase wzas Isolated from the 5”,) polqacrylamide gel dfter clectrophorcsis as 
described in the text. 

” TOMLINSON, R. V. and BALLOIJ, C. E. ( 1962) bliochrmisf~!~ I, 166. 
I6 LAHIRI MAJUMDER, A. N., MANIIAL. N. C. and BISWAS. B. B. (1972) Phpxt~~tist~y 1 I, 503 
” SEIFFER, U. B. and AGRANOFF, B. W. (1965) Biochiru. Biophp. Actu 98, 574. 
I8 TATE. M. E. (1968) A&. Biochrm. 23, 14 I, 
ly COSGKOVE D. J. (1963) Hiochrm. J. 89, 177. 
lo COSCROVE: D. J. (1969) Am. .Y,Y, Acul. Sci. 165, 677. 
” IRVING. G. C. and COSGROVL. D. J. (1972) .I. Bacterioloy~: 112, 434. 
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Assay procedure. The procedure was that of Mandal et al.’ Incubation was normally carried out at 37” for 
3(t60 min. The liberated Pi was estimated by the ascorbic acid method.22 

Polyacrylamide gel electrophorrsis of proteins. Disc electrophoresis in 5% polyacrylamide gel, performed 
according to the method of Davis,23 was carried out at pH 8.0 for 2 hr with a current of 3 mA/tube. On comple- 
tion the gels were taken out by rimming with H,O from a hypodermic needle and 2-mm thick gel slices were 
kept in 0.05 M Tris-HCl buffer, pH 7, overnight; homogenized, centrifuged and the supernatant taken for enzyme 
assay. The duplicate sets were stained with 1% amido black or 0.2% coomassie blue. 

Polyacrylamide gel electrophoresis of proteins in presence of sodium dodecyl &hate for determination of MW 
The method followed was that of Weber and Osborn. 24 Fifty microlitre samples (ca 30 pg) were applied to 5% 
gels containing 0.1% SDS and subjected to electrophoresis for 6 hr at room temp. at 5 mA/tube. The gels were 
taken out after the completion of run and stained in 02% coomassie blue overnight. The gels were destained 
electrophoretically. The standard proteins used as markers were /?-amylase (150000) bovine serum albumin 
(69000) and egg white albumin (42000). 

Phosphoinositol kinase and preparation of specifically labelled IP,. Phosphoinositol kinase (PI-kinase) from ger- 
minated mung bean seed was isolated and purified by the procedure of Lahiri Majumder et aLI Specifically 
labelled IP, was also prepared by their procedure. IP, (6-32P), IP, (5-32P), IP, (3-32P) were prepared by PI- 
kinase reaction with the substrate IP, (6-OH). IP, (5-OH) and IPs (3-OH) respectively using B-y-32P-ATP as 
phosphate donor. The specifically labelled IP, after elution with HCl from a short Dowex-I column (8 x 0.5cm) 
was concentrated in vacuum desiccator in the cold. 
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22 LOWRY, 0. H. and LOPEZ, J. A. (1946) J. Biol. Chem. 162,421 
I3 DAVIS, B. J. (1964) Ann. N.Y. Acad. Sci. 121, 404. 
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