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Abstract-Inositol hexaphosphate guanosine diphosphate phosphotransferase which transfers phosphate from 
inositol hexaphosphate to guanosine diphosphate. synthesking guanosine triphosphate. has been isolated from 
germinating mung bean. A purification of 86-fold with 33”,, recovery has been obtained and the protein was 
made homogeneous after polyacrylamide gel electrophoresis. The MW of this enzyme was ca 92000. The optimal 
pH was 7.0 and Mn” was stimulatory. Inositol hexaphosphate was the most active donor of the phosphoryl 
group (P) to GDP. lnositol penta- or tetra-phosphate (mixed) was partially active, but inositol pentaphosphate 
produced in this reaction did not act further as phosphate donor. The transfer of P from inositol hexaphosphate 
was mediated through a phosphoprotein. Polyphosphate (poly Pi), pyrophosphate (PPi) and orthophosphate (Pi) 
were inactive in this reaction. ADP, CDP and UDP could not substitute for GDP, neither could dGDP nor 
GMP accept P from inositolphosphate. GTP inhibited the reaction, but ATP did not interfere with the reaction. 
The products have been shown to be [GMP- “P] and inositol pentaphosphate by several criteria. The reaction 
is practically irreversible. K, values for GDP and inositol hexaphosphate were I.1 x 1O-4 M and 1.6 x lO-(’ M 
respectively. 

INTRODUCrION 

During an investigation of the role of phytin (Ca2+ 
and Mg2+ salt of inositol hexaphosphoric acid, 
IP,, a compound which probably acts as a reser- 
voir of phosphate [l]), a novel phosphoinositol 
phosphotransferase system has been detected in 
germinating mung bean seeds. The partially puri- 
fied enzyme was specific for GDP, synthesizing 
GTP [2,3]. ATP: phosphoinositol phosphotrans- 
ferase has been demonstrated in wheat endos- 
perm [4], but this system has not yet been purified 
and details of the reaction are lacking. The pur- 
pose of the present work was to purify and charac- 
terize the enzyme IP,-GDP-phosphotransferase 
isolated from the cotyledons of mung bean seeds. 

RESULTS AND DISCUSSION 

Purification 

The enzyme was purified by the procedure de- 
scribed in Experimental. and summarized in Table 
1. A purification of 86-fold with 330,) recovery was 

* Part IX in the series ‘Metabolism of lnositol Phosphates’. 
For Part VIII see (1974) Phytochemistry 13, 1047. 

obtained. Further purification was only possible 
after gel electrophoresis. At least three protein 
bands were present in the Biogel-P-100 prep- 
aration; band 1 was weak, band 2 very strong and 
band 3 intermediate. Most of the phosphotransfer- 
ase activity was found in the third (fastest) protein 
band. 

&j&t of pH and cations 

The enzyme had a pH optimum at 7.0 measured 
over the range of 6-8. The course of the reaction 
was studied by noting the transfer of 32P from IP, 
[32P] to GDP by the purified enzyme (Biogel pre- 
paration). It has been observed that at 37” the 
transfer of 32P increases linearly up to 20 min after 
which it reaches a plateau over 40 min. Activity is 
entirely dependent on divalent cations and mono- 
valent cations have essentially no effect on the 
reaction. Mn2+ has been found to be more effec- 
tive than Mg 2+ Low activity has been recorded in 
presence of Ca2 + . 

SprciJicity 

Neither deoxy-guanosine diphosphate (dGDP) 
nor GMP accepted P from phytate. With a high 

373 



concentration of GTP the reaction is inhibited. 
ATP does not influence the reaction. 

At pH 7, the enlyme transfers the P from phy- 
tatc to GDP. forming the corresponding lower in- 
ositol phosphate and GTP. The forward reaction 
thus results in the formation of GTP from GDP. 
Reversibility was tested at three different pHs 6, 7 
and 8.4 and also using ATP as donor in place of 
GTP. There is a transfer of P from GTP to lPs to 
a very limited extent and the rate of transfer in- 
creases slightly at alkaline pH. ATP is ineffective 
as a donor. 

To determine whether IP,, IP,. IP,. and IP, in 
addition to IP, acts as substrates. activity was 
measured in each case. taking one of the lower in- 
ositol phosphates in place of IP,, as donor of the 
P group; other components in the assay system 
were kept constant. Difficulty arises in routine 
assay procedure because the lower inositol phos- 
phates were eluted with GTP from the Dowex-for- 
mate column used. However. GTP can be separ- 
ated from inositol phosphates by paper electro- 
phoresis with 0.05 M ammonium formate pH 3.5 
(see Experimental). Afinity for PPi. poly-Pi and Pi 
were also tested. Results are given in Table 2. 
Resides IP,, , IP,. and IP, (mixed) can also bc used 
as substrates. The enzyme has little affinity for IP, 
and no aftinity for IP2. Pi, PPi or poly-Pi. The rate 
of transfer of P tends to decrease as the number of 
P groups decreases. However. this is not true when 
IP,. obtained as a product of this reaction. was 
used for P transfer (Table 2). The rcactivities of cer- 
tain axial groups may contribute to this type of 
transfer of P from IP, [S. 61. However, the homo- 

logues of IP, produced in this reaction remain to 

bc ascertained. 

&fi;JCr q/’ C;DP 1111$ IP, ~o/lc~crffrrr/io/l 011 P turrlsfcr~ 

With IP, at 50 nmol/ml. the K,,, value for GDP 

as determined from a double reciprocal plot U’X 
I.1 x lO_ ‘M at 37 I;,,,, was 30 nmol Pi trans- 
fcrrcdrq protein. Wit11 thu GDP concentration 
constant at 0.2 ~lmol~ml. the K,,,, value for IP,, u’as 
I.6 x 1 Om ” M at 37 and 1 ;,,,,, JO nmol P trans- 
ferred!mg protein. 

Under experimental condition 3.5 nmol of P was 

transfcrrcd. This suggests that the transt’cr of P 
from IP,, to GDP is mediated through a phospho- 
protein intcrmediatc. 

~~~~XIEZT.AL 

nmol 32P 

29phosphate Concentration Tranyferrtxi 
donor l~m~ol. mll mg protein 

IP,* 0-W --____ I ‘)-h 

IP, o- I S.S 

IPlt 0.02 0 0 

IP4 O-l 7.1 

1 p.3 o- I 1.x 
IP, o- I 0~0 
IP, 0.5 o-o 
Poly-(Pi) 0.13 0.0 
PPi 0.25 0.0 
Pi 0 5’ il.0 

_____ 

The sp. act. of different inosiml phosphates M’cre bct\+cen tllc 

range 03 04 x 10’ cpm’nmol I’. Specitic :ictivlty of PPi. poll- 
phosphate and Pi arc 2.7X x IO- cpm htmol. 54 x IO” cpm 

/unol and 24? x IO” cpm Icmol rcspectivel\. The Incubation 
mixture. cvccpt in cast of PPi. pol!phosphatcand Pi. contain4 
the following in /~mol in a total volume of 0.5 ml: Tris. pH 7. 
50; Mg’ , 2; GDP. 0.1 : en/>rnc 50 ~l g; inosltol phosph:ltc\. 2s 
indicated. 

* IP,,. IP,. IP,. IP,3, IP2, rqxi‘scnt ino\itol IICKI. pcntk tstra. 
tri. diphosphatc resprcti4\. 

t I&. L3’P]-IP, as isolated from the reaction product. 
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20 min. The supernatant was made 457; sat. with (NH&SO,, 
kept for 30 min and centrifuged similarlv. The uellet obtained 
was dissolved in 20 ml of 50mM phosphate buk‘er pH 7.4 and 
dialysed against 20 mM phosphate buffer of same pH for 1X hr. 
This was designated the (NH&SO, fraction. 

The (NH&SO, fraction containing the enzyme was passed 
through a DEAE cellulose column (42 x 1.8cm) previously 
equilibrated with 20 mM phosphate buffer, pH 7.4. (NH&SO, 
fraction (630 mg protein) was- chromatographed with $rnM 
phosphate buffer pH 7.4 until the effluent was protein-free. Gra- 
dien; elution was started with 300 ml of 1bmM phosphate 
buffer pH 6.5 in the mixing vessel and 300 ml of 05 M same 
buffer in the reservoir. 6 ml fractions were collected at 6 ml/ 
IO min. A at 280 nm when plotted against fraction number 
showed four distinct peaks. Fractions from each peak were 
separately pooled and made loo:,, sat. with (NH&SO, for 
30 min and centrifuged at 10000 y for 20 min. The pellets were 
dissolved in 50 mM Tris---HCl buffer pH 7 and dialysed 18 hr 
against 10 mM Tris -HCI. Each fraction was separately assayed 
and most of the activity was found to be associated with the first 
peak. This was designated DEAE cellulose fraction. 56mg 
DEAE fraction in 2 ml was then passed through Biorel P-100 
(0.9 x 25cm) previously equilibrated with 50&M Tris buffer 
pH 7. The protein was eluted with the same buffer (1 ml frac- 
tion) and A.at 280 nm was plotted against the phosphotransfer- 
ase act. The act. was associated with the small peak which fol- 
lowed the first broader peak. The enzyme protein (peak II) was 
pooled together. cone against aquacide and stored for further 
use. 

Preparation of ” PPi and [“‘PI-polyphosphatrs. 3’PPi and 
[3zP]-po1yPi were prepared from H,ljPO, by the method of 
Bergman et al. [8]. Inositol phosphates C3’P] were synthesized 
and purified as described in Ref. 9. 

I.snlafio~ TI( phosphoprotrin. About 8Opg of the purified 
enzyme was Incubated at 37. for 20min in the presence of 
50 pmol, Tris-Cl- buffer (pH 7.0); 2 pmol, Mn’+ and 30 nmol. 
32P-labe11ed IP,. (sp. act. 1.5 x IO’ cpm//lmol Pi) in a total vol 
of 0.5 ml. The reaction was stopped by cooling to 0’. The incu- 
bate was chromatographed on Biogel P-100 as previously de- 
scribed. Fractions 20--24 containing enzyme were radioactive. 
These were pooled and cone under vacuum in the cold to 
0.5 ml. Disc electrophoresis was performed according to the 
method of Davis [IO] with slight modifications [1 l]. Gels were 
sliced and eluted as described earlier [ 121. 50 pg protein was 
subjected to electrophoresis on 5% polyacrylamide gel and the 
protein stained with l’Y,(l amido black. The association of 
radioactivity with the enzyme indicated a transfer of (“P) from 

IP, to the enzyme and not to other protein bands present with 
the enzyme. Phosphoprotein (600cpm) was incubated with 
GDP under standard assay condition without addition of 
[=P]-rP,. 

Assay. In a typical assay system the following are the com- 
ponents expressed in pmol in a total vol. of 1 ml; Tris-HCl 
buffer, pH 7; 100; MgCl,, 4; GDP, 0.2; Na-IP,-[3ZP], 0.05; 
and enzyme. an appropriate vol. The mixture was incubated for 
20 min at 37’. The reaction was stopped by heating at 100” for 
15 set and the ppt. was removed by centrifugation. The super- 
natant was cone under vacuum after adding non-radioactive 
GTP (0.1 pmol) as carrier. An aliquot was spotted on a What- 
man No. I paper (30 x 18 cm). Electrophoresis was carried out 
in 50 mM ammonium formate buffer pH 3.5 for 2.5 hr (8 V/cm). 
The electrophoretogram was dried at room temp. and GTP was 
located by UV quenching. The GTP spot was counted using a 
liquid scintillation counter [9], 

Acknowlrdyrm~nr--The~r-The financial support from USDA Grant 
No. FG-In-321 and Bose Institute is gratefully acknowledged. 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 
Il. 

12. 

REFERENCES 

Atkinson, M. R. and Morton, R. K. (1960) In Comparatiw 
Biochemistry (Florkin, M. and Mason H. S., Eds.) Vol. II, 
p. 1, Academic Press, New York. 
Biswas. S. and Biswas, B. B. (1965) Science and Culture 31, 
634. 
Biswas, S. and Biswas, B. B. (1965) Biochim. Biophys. Acta, 
108, 710. 
Morton, R. K. and Raison, J. K. (1963) Nature, 200, 429. 
Blank. G. E., Pletcher, J. and Sax. M. (1971) Biochrm. Bio- 
phys Rrs. Conmun. 44, 3 19. 
Brown, D. M. and Tate, M. E. (1973) Proc. Aust. Biochem. 
sot. 6, 44. 
Mandal. N. C. and Biswas. B. B. (1970) Plant Physiol. 45, 
4. 
Bergmann, F. H.. Berg, P. and Dickmann, M. (1961) J. Biol. 
Chrtn. 236, 1735. 
Mandal, N. C. and Biswas, B. B. (1970) Indian J. Biochrm. 
7, 63. 
Davis, B. J. (1964) Ann. N.Y. Acad. Sci. 121, 404. 
Mandal, N. C., Burman, S. and Biswas, B. B. (1972) Phyto- 
chumisfry 11, 495. 
Lahiri Majumder, A. N. Mandal, N. C. and Biswas, B. B. 
(1972) Phytochemistry 11, 503. 


