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Abstract-Free myoinositol tetraphosphates, myoinositol pentaphosphate and myoinositol hexaphosphate were 
detected in mature cotton embryos. Three major isomers of the tetraphosphate were isolated by ion exchange 
chromatography followed by paper electrophoresis (80 V/cm). No free myoinositol monophosphate, myoinositol 
diphosphate or myoinositol triphosphate was detected. However, these were found bound to a lipid, presumably 
as mono-, di- and triphosphoinositides. No evidence was found for the presence of lipid bound higher 
myoinositol phosphates. 

INTRODUCTION 

THERE are contradicting reports in the literature on the occurrence of lower myoinositol 
phosphates in seeds. Preece et al.’ showed that ripe grains of barley contain free 
myoinositol diphosphate (IP,), myoinositol triphosphate (IP,), and myoinositol tetraphos- 
phate (IP,). On the other hand, Saio’ reported that no myoinositol phosphates except 
myoinositol hexaphosphate (IP,, phytic acid) were present in ripening rice grains. Poster- 
nak, et aL3 Fischler,4 and Schormiiller et ~1.~ also found no evidence for the presence of 
lower myoinositol phosphates in ripe wheat grains. 

Although phytic acid has been found in all seeds examined, its biosynthesis and role 
in the developing seed are unknown.6-8 As part of a ‘program on the biosynthesis of phytic 
acid, mature cotton embryos were investigated for the presence of lower myoinositol phos- 
phates. The present communication reports the presence of three isomers of IP, and an 
IP, in free form, and IP2 and IP, in bound form, probably as di- and triphosphoinositides. 

RESULTS AND DISCUSSION 

Fractionation of myoinositol phosphates by ion exchange chromatography. 
Free myoinositol phosphates were fractionated on a Dowex-1 x 8 (Cl-) column using 

linear gradient elution with LiCl. The elution pattern showed six different phosphorus (P)- 
containing peaks (I through 6) which were obtained at LiCl concentrations of @06, 034, 
* Present address: Fachbereich Biologie, Universitlt Regensburg, 8400 Regensburg, West Germany. 

’ PREECE, I. A., GRAV, H. J. and WADHAM, A. T. (1960) .I. Inst. Brewing 66,487. 
’ SAIO, K. (1964) PIant Cell Physid. 5, 393. 
3 POST~XNAK, S. and POSTERNAK, T. (1929) He/v ChCn. Am. 12, 1165. 
a FISCHLER, F. (1940) C&I. Abstr. 34, 2394. 
5 SCHORM~~LLER, J., WURDIG, G. and BRESSAU. G. (1959) Z. Lrhrnsum. Untersuch. u. For&. IO!% 297. 
’ ROBERTS, R. M. and LOEWLJS, F. (1968) Plant Physiol. 43, 1710. 
’ COSGROVE, D. J. (1966) Pure Appl. Chem. 16,209. 
* ASADA. K.. TANAKA, K. and KASAI. 2. (I 968) Plant Cc~ll Ph]&l. 9, 185. 

2529 



2530 C. B. StsAwrA and J. W. DIt.cwKr 

0.41.0.49 and about 0.6 M. respectively. P and myoinositol contents. and P to myoinositol 
molar ratios (P/I) for each fraction are given in Table I. Fraction I was found to be mostly 
orthophosphate (Pi) with only traces of myoinositol monophosphate (IP,). From the P/I 
it appears that fractions 2,3 and 4 are isomers of IP,, and fractions 5 and 6 are mixtures 

of IP, and IP,. As expected, the relative distribution of P in the various fractions shows 
that about X2”;, of the total P of mature cotton embryos is phytic acid (IP,). IP, and Pi 

represent only about 7.5”,, and O.S”;,. respectively. 

TABLE i /jSALYSlS OF PtlOSPHORI’S-COh’ IAISINC; t‘RA(‘TIO>S ORTAINPD J%, DOVGX- 1 x 8 (cl ) C~tIROMA I’OGRAPH~ 

Of- A ~TCA FXTRA(‘J OF (‘OTTONSCEI3 II AL 

Fraction 
(total 

vol., ml) 
Total P 
(mmol) 

Concentrutlon (mM1 
Myoino- M0la1 

Inorganic P Organic P* sitoli ratio 

(Pi) (P) (I) (P,,l 

1 (134) 
2 (260) 
3 (IO@ 
4 (200) 
5 (I SO) 
6 (KOO) 
Per cent recoverv 94 

0.2 I.4 0.1 traw 
0.44 I.7 04 4.2 
064 6.4 I.6 4.0 
I.6 8.0 3wi 3.9 
3.3 3x1 4.3 5.6 

2x.x 36-O 6.7 5.8 

-____ _-__- 

* Organic P was determined by subtracting Pi from total P. 
‘r blyoinositol was determined microhiologicallq and the values reported arc’ the mean ol’triplicatc sstimations. 

Fractions obtained by ion exchange chromatography were analyzed for myoinositol 
phosphates by HVE. Electrophoresis was carried out for 70 min at 80 V;cm in 0.06 M oxa- 
late buffer. Fractions 2,3, and 4 were not homogeneous and contained three different P- 
containing components. .4 P-containing band near the origin (2.5 cm from origin) was 
found in all the fractions but gave no positive test for inositol. Fraction 5 and fraction 
6 each gave only one P-containing band which migrated 2O.Z and 70.4 cm towards the 

anode in 20 min, respectively. 
In order to isolate various myoinositol phosphates and their isomers, preparative HVE 

was carried out on thicker paper. Five P-containing bands (A--E) with relative migration 
with respect to Pi IR,,~) of 2.6, 2.9. 3.1, 3.7 and 3.X. rcspectivelq. were eluted from the paper 
electrophoretogram with deionized H20. Fractions obtained in this way contained a sub- 
stantial amount of oxalate which was removed by chromatography on Dowcx 1 x X (Cl -) 
(see Experimental). For each of the fractions. (A--E). a single P-containing peak. free from 
oxalate. was obtained at LiCl concentrations of 0.33. 0.39. 0.4’ and above 0.5 M. respect- 
ively. The values are in close agreement with the values obtained for the myoinositol phos- 
phates in the original extract. P!I and RPi for these fractions and for IP,. obtained bq 
the action of peanut phytase on phytic acid. and IP,, are given in Table 2. It can be seen 
that fractions, A, B and Care isomers of IP,. Since myoinositol was determined microbio- 
logically using Klroh~rr hrcmi.s which is highly stereospecific for myoinositol, and since P,I 
ratios of all three IP, fractions are. in fact. within + Y,, of the theoretical P ‘I value 4. the 
possibility that any of the IP, fraction is a tetraphosphatc of substituted inositols such 
as C-methyl IP, or O-methyl IP, is highly unlikely. This conclusion \&as further supported 
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by the fact that PC of enzymic or acid dephosphorylated products of IP, showed only 
inositol and no substituted inositols or sugars could be detected. Fractions D and E, which 
gave P/I of 5.3 and 5.6, respectively, are probably mixtures of IP, and IP,. This is not 
surprising, because IP, and IP, migrate very close to one another on the electrophoreto- 
gram. The moving paper electrophoresis technique described by Tate” might be useful in 
resolving this mixture. Rp, values of IP,, obtained by the dephosphorylation of IP, with 
phytase, are quite different from the naturally occurring IP, isomers (A, B and C) of cotton 
embryos. These data show that the IP, isomers from mature cotton,embryos are probably 
not the dephosphorylation products of phytase. Tomlinson and Ballou lo characterized 
myoinositol 1,2,5,6 tetraphosphate as one of the dephosphorylation products of wheat 
phytase. Recently it was pointed out by Asada, et al8 that IP,, obtained by the action 
of wheat phytase on phytic acid, is not an intermediate in the biosynthesis of phytic acid 
in ripening wheat and rice grains. It still remains to be seen if any of the naturally occur- 
ring IP, isomers are intermediates in the biosynthesis of phytic acid. Incorporation of 
33P into IP,, IP, and IP,, when fed to isolated immature cotton bolls, however, suggests 
that free IP, is an intermediate in the biosynthesis of IP,.” 

TABLE 2. COMPARISONOF P TO MYOINOSITOL RATIOSAND ELECTROPHORECTIC MOBILITIES OF PURIFIED IP, ISOMERS 
FROMMATURE COTTONEMBRYOSWITH IP, FROM IP, DEGRADED BY PEANUTPHYTASE,IP, ANDPi* 

Fraction? 
or reference 

Molar ratio 
P/Myoinositol 

(P/I) 

spot 
Distance1 

(cm) 

Migration 
relative to Pi 

(%I) 

Pi 5.3 I.0 
A 3.9 14.0 2.6 
B 4.1 15.5 2.9 

C 3.8 16.5 3.1 

D 5.3 20.0 3.7 
E 5.6 20.3 3.8 

IP, (peanut Phytase) 4.0 18.7, 19.1 3.5, 3.6 

IP, 6.1 20.4 3.85 

* Conditions for electrophoresis: 0.06 M oxalate buffer. pH 1.55 and 20 min at XOV/cm on Whatman No. 1 
chromatography paper. 

t A, B, C, D and E represent the fractions obtained by HVE followed by chromatography on Dowex-1 x 8 
(Cl-). IP, and IP, are myoinositol tetra- and myoinositol hexaphosphates respectively. Pi is H,PO,. IP, (peanut 
phytase) was prepared from IP, digestion with peanut phytase. 

$ The spot distance was measured from the starting line to the center of the spot. 

No evidence was found for the presence of free IP2 or IP, in cottonseed in agreement 
with the results obtained by Saio’ and Nagai and Funahashi” with rice grains, by 
Schormiiller et al.’ with wheat grains, and by Sobolev l3 with broad beans, corn sunflower 
and poppy seeds. Sobolev suggested that phytic acid is synthesized by successive phos- 
phorylation of myoinositol. This may be true; but, if the free lower myoinositol phosphates 
are the true intermediates for the biosynthesis of IP,, it might be expected that at least 
traces of IP, and IP, would be found in the mature cotton embryos. A recent study by 
’ TAM, M. E. (1968) Anal. Biochrm. 23, 141. 
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I3 SOBOLEV. A. M. (1964) Fiziologiya RastcJnii 11, 106. 
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Asada et ~1.’ on the process of IP, formation in ripening rice grains shows that IP, in 
seeds is not formed by the progressive phosphorylation of free myoinositol. Similar results 
have also been reported by Ahuja I4 in the case of developing peas. The absence of IP, 
and IP, in the cotton embryo suggests, therefore, that a series of bound myoinositol com- 
pounds could be intermediates in the biosynthesis of IP,. 

Phosphoinositides were extracted from glandless cottonseeds by the method of Dawson 
and Eichberg” and were partially hydrolyzed nith HCI to liberate the bound myoinositol 
phosphates. The liberated myoinositol phosphates were examined by column chromat- 
ography on Dowex 1 x X (Cl _ ) (see Experimental). Elution with a gradient of LiCl gave 

Pi an IP2 (P/I = 3.1) and an IP, (P/I = 2.8). but no higher inositol phosphates. Even the 
treatment of the final residue obtained after extraction of free inositol phosphates and 
phosphinositides with 6 N WC1 for 4hr at 110 did not produce IP, or IP,. Thus it was 
concluded that lipid-bound IP, or IP, were not present in mature cotton ernbrbo. It should 
be noted that it is very important to remove all acid soluble inositol phosphates before 
HCl treatment. otherwise their degradation products would be obtained. The acid hydro- 
lysate of the first fraction was always found to contain a small amount of myoinositol and 
a large proportion of Pi. This observation was interpreted to mean that some IP I is present 
which could not be detected because of the prescncc of large amounts of Pi. These data 
suggest, but by no means prove, that IP, is synthesized by the phosphorylation of a bound 

lipid-like inositol compound through the IP, or perhaps IP, stage and then to the IP,, 
through the direct phosphorylation of free IP, and IP,. Asada (‘/ (I/.” and Cosgrove- postu- 
lated the biosynthesis of IP, through phosphoinositide intermediates. in seeds. Recently, 
Molinari and Hoffmann-Osterhoff” obtained an enzyme system from Lrr~r~r qihhlr cap- 
able of phosphorylating myoinositol into higher phosphorylatcd products, including IP,. 
These results. contrary to our hypothesis. support the stcpwisc phosphorylation of 
myoinositol to IP,,. In view of these results we can not completely exclude a pathway in- 
volving free IP, and IP, as intermediates in phytic acid biosynthesis in cotton embryo, 
although these could not be detected in mature cotton embryo. At present the data avail- 
able on the biosynthesis of IP,, arc difficult to assess. 

FXPERIMENTAL 

M~lterial.s. Glandless cottonseeds were obtained from the Oilsecd Products Research Center. Texas Engineer- 
ing Experiment Station, College Station. Texas. Klwliw~r hrrcis yeast culttrrc uas ohrolned from the American 
Type C‘ulture Collection. 12.101 Parklaun Drive. Rockville. Maryland. ll.S.A. 

~~~ai~trcul wrhods. Inorganic I’ MU determined bc the method of Fiske and Subba Ro\v.‘- total P by the 
method of Bartlett’* and myoinositol by the method of Campling and Nixon.‘U using KIw~wa Ivrriv as the 
test organism. 

/O/I cv<,/urr~qc~ r,h~ollitrro(l,.trpii!, of ~u~~o~~~o,sito/ /~ko\pi~ufc,s. Mqoinositol phosphates (50%600 ;tmol of l’) were 
chromatographed on a Dowex-1 x X (Cl- ), 200 4OOmcsh. column (1 x 2X in) bl linenl- gradient elution with 
(& O-7 M LiCl as described by Grade and Ballou.“’ The rate of elution \\as about 1 tnl per min. 10 x I ml Frac- 
tions were collected and analy7cd for total P. Tubes representing a given peak wcrc pooled. The fractions were 
cwporatcd to dryness under red prcs. at 30 and the residue was extracted with F-IOH to remove Li(‘l. Insoluble 

” AHIJA, J. N. (1962) Ph. D. Theses, Michigan State I’nivcrsit!. 
” DAWWK-, R. M. C. and EIUIHERG J. (1965) Bioche/~. .J. 96, 633. 
” MOLINAKI, V. E. and HOF~.\IAN~-~STI NHUE. 0. (1968) Hol~/“,-S[,!,l~~..\ 27. Phyviol. c‘hw. 349, 1797. 
Ii Fistif. C. N. and SL IWY Row. Y. (1035) J. Bid. Chrrn. 66, 375. 
lx HAKTLFTT. G. R. (1959) J. Viol. Ch@u~. 234, 466. 
“I CAMIWNG. J. D. and NIWK. D. A. (1954) J. P/~):sio/. 126, 71. 
“I GKAIIO. C. and BAI I OI C. 1,. (1961) ./. Hiol. Chum 236, 54. 
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Li salts were collected by centrifugation and ionized with Dowex-50 (H+). Samples from each peak were hydro- 
lyzed with 6 N HCI in sealed tubes at 120” for 72 hr. The acid was removed from the hydrolysates by allowing 
the tubes to stand in an evacuated desiccator over NaOH pellets. The residue was dissolved in Hz0 and analyzed 
for P and myoinositol. 

Hiyh uoltaye rlectrophorrsis. (HVE) was carried out on Whatman No. 1 chromatography paper in 0.06 M oxa- 
late buffer, pH 1.55, at 80 V/cm for 20 min as described by Seiffert and Agranoff.” P-containing bands on the 
dried electrophoretogram were identified by the method of Rorem.” Preparative HVE was performed on What- 
man No. 3 MM paper. Guide strips were cut out and the P-containing bands were located. The strips were cut 
up and eluted with deionised HzO. Eluates from each band were neutralized with cyclohexylamine and concen- 
trated to about 5 ml at 35”. The concentrated eluates were chromatographed on Dowex-1 x 8 (Cl-), as described 
before. to obtain the myoinositol phosphates. 

Extracrion ofmyoblositol lipids. Cottonseed meal was extracted successively with neutral CHCI,: MeOH mix- 
tures, to remove the neutral lipids and relatively non-polar phospholipids, and 2o’x TCA soln, to remove the 
free inositol phosphates.” Finally, the meal was extracted with a mixture of CHCls-MeOH-cont. HCI 
(250: 125:2) to extract the polar phospholipids.r4 

Acid hydrolysis of‘tnyoinositol lipids. A myoinositol lipid fraction was neutralized with I N LiOH and evapor- 
ated to dryness at 20’. The residue was partially hydrolyzed with 6 N HCI in a sealed ampoule at 110” for 10 min 
to liberate the bound myoinositol phosphates. The acid hydrolysate was extracted with Et,0 to remove the free 
fatty acids. The aq. phase was neutralized with satd LiOH, and the myoinositol phosphates were precipitated 
as Ba salts from 80% EtOH.‘” The Ba salts were then decomposed with Dowex-SO(H+) ion exchange resin to 
obtain the free acids, 

Extraction ofrnyoirlositol phosphates: One kg of n-hexane defatted cottonseed meal was extracted at 20” with 
4 vol. of 20% TCA for I hr. The residue was removed by centrifugation at 2600 9 for 20 min. The clear superna- 
tant was neutralized (pH 8) with satd LiOH. treated with excess of Ba acetate to ppt inositol phosphates and the 
ppt was separated by centrifugation. The supernatant was concentrated to 100 ml at 40’ and the soluble Ba-salt 
of inositol monophosphate was ppt by adding 4 vol. of EtOH. The ppt was centrifuged, washed with 80% EtOH 
and pooled with the ppt of Ba inositol phosphates obtained in the preceding step. The combined ppt was then 
dissolved in 3N HCl and centrifuged to remove any insoluble matter. The clear supernatant was adjusted to 
pH 8 with 10 N-LiOH and the salts of Ba inositol phosphates were precipitated with EtOH as before. The ppt 
was centrifuged and decomposed with Dowex-50 x 8 (H+), 50 mesh, to obtain inositol phosphates in soln in 
the free acid form for further fractionation and purification by ion exchange chromatography and HVE. 

Acknowlrdpern~nts-This work was supported by a Cooperative Agreement CPI 69--140 from the National Cot- 
ton Counctl of America. We are grateful to Dr. Carl M. Cater of Oilseed Product Center for the glandless cotton- 
seed. 

‘I SI+FI:KT. U. B. and AGKANOW. B. W. (1965) Biochern. Biophys, Actn 98, 574 
” ROK~M, E. S. (1959) Nutare 183, 1739. 


