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A F U R T H E R  S T U D Y  O F  I N O S I T O L - C O N T A I N I N G  L I P I D S  

by 

JOHN N. HAWTHORNE 
Department o/ Pharmacology, Medical School o/ the University, Birmingham (England) 

Several lipids containing inositol have been shown to occur in plant or animal 
tissues, but the chemical structure of none is completely known. The present study 
of the inositol phosphates liberated by mild hydrolysis of these inositides was under- 
taken to obtain further information on this subject. 

At least three different types of inositol phosphatide have been described. The 
first, about which most is known, is represented by brain diphosphoinositidO. Ac- 
cording to FOLCH, who isolated it, this compound contains inositol diphosphate, 
glycerol and fa t ty  acid in equimolecular proportions. The second type also occurs 
in animal tissues but contains inositol mono-phosphate, fat ty  acids and probably 
glycerol 2, a, 4. The third type, found so far only in plant and bacterial lipids 5 s again 
contains inositol mono-phosphate, but this time linked to sugars, giving a more 
complex structure. 

The phosphorus-containing hydrolysis products of these phosphatides have been 
conveniently separated by gradient elution with dilute HC1 from strong-base anion 
exchange resin columns. The alcohol-insoluble phosphates from soy bean and ground- 
nut inositides were compared by this method. When graphs of phosphate content 
against eluant volume were plotted, two identical curves were obtained, suggesting 
that  the same lipids occur in each plant. This confirms previous chemical studies, 
inositol mono-phosphate, galactose and arabinose being obtained from both sources 7, 8. 
i t  seems unlikely that  inositol diphosphate occurs in the molecule, as MALKIN AND 
POOLE suggestedL 

Mild alkaline hydrolysis of FOLCH'S diphosphoinositide removes the fat ty  acids 
and gives a compound which is only eluted with difficulty from the resin columns 
mentioned above. I t  takes up 4 moles of periodic acid 
(2 per phosphate), which is twice as much as inositol 
rneta diphosphate 1. A similar compound was isolated in 
poorer yield by HAWTHORNE AND CHARGAFF after acid 
hydrolysis s. FOLCH'S analyses indicate that  inositol di- 
phosphate, glycerol and fat ty  acid (I : I : I) are the only 
constituents of diphosphoinositide, and also that  it has 
one titrateable acid group per phosphorus atom. In addi- 
tion, glycerophosphate cannot be isolated from this com- 
pound. The unusual ring structure indicated in Fig. I 
would explain all these observations, but in the absence 
of more direct evidence it is only tentatively suggested. 
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A previous  s tudy  of the oxida t ion  of this l ipid with free periodic acid s showed 
an up take  of 3 moles per phost)hate group. More careful s tudies  using sodium peri- 
oda te  at  p H  7.5 have shown the fairh" rap id  up take  of :r mole HI()~ per  P. The pH 
by then had fallen to 5.5, p re sumab ly  because of the l iherat ion of formic acid, an{I 
a much slower up take  of a second mole of HIO 4 then took place, t ' nde r  these con- 
d i t ions  no more than  2 moh's  HIO~ per t '  were taken up even af ter  seven days.  If the 
suggested s t ruc ture  is correct,  the  two s tages  of the oxida t ion  wcmld correspond 
with (t) a fa i r ly  rap id  a t t a c k  on the inositol  r ing (c/. l:oI.tH 1) and (2) a slow h \d ro lvs i s  
wi th  the  l ihera t ion  of e i ther  free glycerol  or glycerol  d iphospha te  and the a ldehvdc  
formed when the  inosi tol  ring was broken.  The course of the hydrolys is  would depend 
on whether  cycl isat ion took place. 1)resumably e i ther  the fi OH of the glycerol ()r 
the  remain ing  OH of the inositol  could be involved in such a cvelisation.  In a n \  
case one p roduc t  would be susceptibh~ to fur ther  oxida t ion  1) 3, per iodate .  

In Fig. * the posi t ioning of tile' phospha tes  on the inositol  r ing is a rb i t ra ry .  
though if one of them is on the axial  OH, br idging with glycerol  is easier, to judge 
from models.  The facts could also be ac,  ounted  for by assumin K a poly-inosi tol  
s t ruc ture ,  wi th  glycerol  bridges between molecules of inositol  d iphosphate .  

For  compara t ive  tmrposes an inosi tol  monot}hosphate has been t )reparcd from 
phyt ic  acid by the action of wheat  bran phytase".  Though bran 

( ) H  ( ) H  
t)[I phy tase  is not specific for this  compound,  the  product  ob ta ined  

/ ,  '-",,. was opt ica l ly  inact ive.  I;I.t~;URY, I)ESJOl3ERI .\N I) IA:.(:t~(:Q 1° r e c e n t h  
,; ()kt :, p roduced a s imilar  opt ica l ly  inact ive  monophost )hate  by enzvn~lic 

I It) hydrolys is  of playtate,  and  showed it to bc the 2-t)host)hate. The' 
oH compound isolated in the present  work is l ikch '  to be the sanle. 

Fig .  "2. 31eso- 
inositoI (o := axial I ts  opt ical  i nac t iv i ty  suggests the e or 5 compounds  or a racemic 

OH). mixture .  
31cso-inositol, of which phy t i c  acid is the hcxaphosphaLe, is 

genera l ly  agreed to exist  in the chair  form (see H), a model  of which shows that  the 
z -OH group has an axia l  posi t ion,  the o ther  t i re  lying in an equator ia l  plane. This 
m a y  account  for the  appa ren t  specificity, of the phy tase ,  hydro lys i s  of the e -phospha te  
being s ter ica l ly  h indered  by  the adjoin ing groups.  

The s t ra in  of Acetobacter suboxydans which oxidises polar  hydroxy l  groups in tilt' 
free inosi tols  H was wi thout  effect on this  enzymica l ly  p roduced  monophosplmte .  The 
a p p a r e n t  oxida t ion  of the monop tmspha te  from soy bean inosi t ide observed  by 
HAWTHORNE AN1) C H A R G A l g F  ~ has now been shown to be due to an impur i ty  in the 
phospha te ,  so tha t  the  posi t ion of tile phospha te  group remains  an opel1 question.  
I t  could be 2- or 5-. Pure samples  of inosi tol  monophospha te  from soy bean and 
g round-nu t  inosi t ides  were both res is tan t  to ox ida t ion  by  A. suboxvdans*. A sample  
of inosi tol  monophospha te  t)repared by the alkal ine hydro lys i s  of phyt ic  acid is also 
res is tan t  to oxidat ion**.  This compound  m a y  poss ib ly  be a in ix ture  of isomers, but  
i t  conta ins  l i t t le  of the e -compound  l°,~a, therefore  it appears  tha t  even when the 
ax ia l  OH group is free, inosi tol  monophospha te  is not  a t t a c k e d  by A. suho.vvdates. 
A phospha te  group anywhere  in the molecule exer ts  a general  inhib i tory  effect on 
the ox ida t ion .  

• I s h o u l d  l ike  t o  t h a n k  Prof .  E.  CHARGAFI" for  s u g g e s t i n g  a r e - i n v e s t i g a t i o n  of  t h e  a c t i o n  
of  A .  s u b o x y d a n s  o n  t h e  i nos i t o l  p h o s p h a t e s .  

• * K i n d l y  s u p p l i e d  b y  P ro f .  1'. FLEURV, l ' a c u l t d  d e  P h a r m a c i e  de  I ' a r i s .  
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METHODS 

M o s t o f t h e s e h a v e b e e n  described previously a. 

EXPERIMENTAL 

Preparation and hydrolysis o/ soy bean and ground-nut inositides 
Tile soy bean phosphoinosi t ide was prepared by  the method used before 8. The g round-nu t  

lipid was obtained from the crude acetone-insoluble fraction of Nigerian ground-nut  oil*. A 
pr~duct  rich in inositide was prepared by  dissolving 20o g crude lipid in 6oo ml chloroform and 
pre(~:pitating wi th  12oo ml methanol .  The precipitate was redissolved in 400 nil chloroform and 
filtered at the p u m p  through  a 2 cm layer of cellulose powder to remove water-soluble impurities. 
I t  was then reprecipitated with 1 5 volumes of methanol.  After a third methanol  precipitation 
similar to the second the phosphat ide  was emulsified with 500 ml water. 250 ml concentrated HCI 
were added and the mixture  was boiled for IO minutes  in nitrogen. A similar method of hydrolysis 
was used for the soy bean lipid. 

Isolation o/soy and ground-nut inositol derivatives 
The method consisted essentially of removal  of HCl by vacuum distillation, precipitat ion 

of phosphates  as their lead salts, decomposit ion with H~S and t r i tura t ion of the dried residue 
with alcohol, to remove phosphoric  and glycerophosphoric acids. Details are given in a previous 
paper  8. The alcohol-insoluble material  was a white powder giving a s trong positive Molisch test. 
A typical  prepara t ion from the g round-nu t  lipid had 8.9 % P after two precipitations with alcohol, 
and was s trongly dext roro ta tory :  [a]~ = + 85 ° (water solution containing 0.35 mg P per  ml). 

A compound prepared by  more vigorous acid hydrolysis (3.5 hours  with boiling 5 N HC1) 
gave after one alcohol precipitation P = 9.38 %, ~a~ ° = 4.43 ° (water solution, 2.49 mg P per ml). 
The Molisch test  was negative, and by analogy with the soy bean lipid this substance was largely 
inositol monophosphate .  On hydrolysis of this phosphate  (6 N HC1, refluxed 18 hours) free inositol 
was liberated. I t  was detected by chromatography  using the method of MEREDITH AND SAMMONS 14. 
The developing reagent was o .5% aqueous uranyl  acetate (MEREDITH AND SAMMONS, un- 
published)* *, with which, while the PaFer is still damp, the inositol shows up in ultra-violet light 
as a yellow fluorescent spot. On heating at 90 ° for a few minutes the spot  appears  dark blue 
against  a yellow background,  in U.V. light. 

Resin column treatment o/vegetable inositol phosphates 
The column, 28 cm long and 2. 4 cm in diameter, was prepared from the s trong-base anion 

exchanger De-Acidite F F  (Permut i t  Co., London;  Dowex-I  is an equivalent  resin). Before use it 
was washed with N HCI and then distilled water  until the eluant  was neutral.  The flow rate 
was about  5 ml per minute.  IO ml of a solution of the soy bean or ground-nut  alcohol-insoluble 
phosphates,  containing in all 5-15 mg phosphorus,  were applied to the column and eluted with 
o.oi N HC1. The eluate was collected in 25 ml fractions. After the first peak had been eluted no 
more phosphate  could be found in the eluate, so the o.oi N HC1 was replaced by o.oi N HC1 
containing o.oi N NaC1. A second peak was then eluted. By increasing the NaCI concentrat ion 
to 0.02 N a small amoun t  of inorganic 
phosphate  was sometimes eluted. Peak 
i evidently contained two components  
IA and IB, which were incompletely 
separated (see Fig. 3). I t  is possible 
tha t  one is an arabinoside, the other 
a galactoside of inositol monophos-  
phate,  bu t  fur ther  work will be needed 
before their s t ructures  are clear. Sub- 
stances eluted from the pooled frac- 
t ions had the following properties:  
(IA) 4.12% P, [ a ~  = + 8 4  ° in water;  
(IB) P = 4.65%, [a]~ = + IO9'. 
After hydrolysis in an evacuated sealed 
tube with N H2SO 4 at iIO ° C  for 13 

_ Oo: o; 

Fract loo No ,. 

Fig 3. Inositol compounds  from soy bean and glound-  
nut  inositides. 

* I am indebted to Mr. H. H. MUTT of Messrs. J. J. Bibby & Sons, Liverpool, England,  for 
a generous supply of this material. 

** I am grateful to the authors,  my colleagues in the ~ ept. of Pharmacology, for permission 
to use their unpublished data. 
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hours ,  su l ) s t a l / ce  i . \  s]lowel[ oNo r(~ltlCiiig grc~up pe r  p h o s p h ; t t e  pt'k,s¢qlt+ [}ot~l su t~s t ancc ,  k{~t\~' ,~ 
p o s i t i v e  orc ino l  t e s t  for p e n t - s e ,  b u t  t h i s  l n a y  h a v e  been due  to  inc~m~plete sepsm~t ion ,~f t he  
peaks .  The  r ea son  for the  low ph¢lst)]lllrHs c o n t e n t s  is tlnknl)~,Vll, l ' e a k  _, c~mta ined  m, s u g a r  ~tn,I 
was  o p t i c a l l y  i n a c t i v e ,  l n ~ s i t o l  n m m ~ p h o s p h a t e  was  e l u t e d  at  the  s~mTe c~,n,cntr~ti~,l~. 

ttvdrolysis of I)ratn diphosphoin.~itidc 
The  s a m p l e  of d i p h o s p h o i m , s i t i d e  used  w a s  p r e p a r e d  l ,y I;OLCtI'S m e t h o d  t b u t  w i th  fewer  

m e t h a n o l  r e p r e c i p i t a t i o n s .  I t  c . n t a i n e d  5.37 % I '  a n d  c o n s i d e r a b l e  a m o u n t s  ,*t s e r ine  phospt la t id~ ,  
w e r e  p r e s e n t ,  zoo m g  l ip id  was  diss~flved in 6o ml a q u e o u s  N IKOH a n d  p u t  a t  3 7 '  f , r  -' day>.  
I t  w a s  t h e n  b r o u g h t  to  p H  ~ w i t h  ace t i c  ac id  a n d  t r e a t e d  w i t h  3 ml -'5 % lead a c e t a t e . . \ m m o n i a  
was  a d d e d  to  b r i n g  t he  pH to S. 5 a n d  t h e  w h i t e  p r e c i p i t a t e  was  cen t r i f uRed  d¢lV, ll all t l  washc<[ 
t w i c e  w i t h  w a t e r .  T h e  lead  was  reln{)ved b y  H2,% a n d  t h e  f i l t r a t e  c o n c e n t r a t e d  in \ 'act l t lnl .  The  
final so lu t i on ,  in 5.o ml  wa te r ,  c o n t a i n e d  3.o3 m g  P a l t o g e t h e r .  

2 ml  of t h e  a b o v e  s o l u t i o n  a n d  2o ml o. 14 %, soditlnl p e r i o d a t e  were  l l l a { [ e  HI.) t() 25 nil w i th  
w a t e r  in a g r a d u a t e d  f lask.  Af te r  40 h o u r s  4 ml  a l i q u o t s  were  t i t r a t e d ,  in t he  p re sence  of e x e c s ,  
s o d i u m  b i c a r b o n a t e  a n d  p o t a s s i u m  iodide ,  w i t h  o .o l  N a r sen i t e .  A b l a n k  was  t r e a t e d  s i m i l a r l y  
The  p e r i o d a t e  c o n s u m p t i o n  was  l.t) mo le s  pe r  I '  a t o m .  The  s l i g h t l y  low f igure  is p r e s u m a M y  due  
to  t h e  p r e s e n c e  of s e r ine  phc>sphat ide  in t he  o r i g i n a l  l ipid.  

T h e  s a m e  so lu t i (m  ga \ ' e  t w o  p e a k s  w h e n  f r a c t i o n a t e d  Ol/ the  res in  c o l u m n .  The  first ,  r ep re  
s e n t i n g  a b o u t  a t h i r d  of t h e  p h o s p h a t e  p r e s e n t ,  was  e l u t e d  b y  o .o l  N HCI  c o n t a i n i n g  o.o2 N Na t ' / .  
t h e  s econd  o n l y  by  o.ol  .V }t(2! w i t h  o.25 .¥ NaCI. The  l a t t e r  ; ir ises f rom d i p h o s p h o i n o s i t i d e .  

Periodatc oxidation o/ intact diphospb,,inositide 
The  s a m p l e  used  h a d  0. t 4 % P a n d  o . 5 1 %  N. I t  was  emu l s i f i ed  in w a t e r  a n d  t r e a t e d  w i t h  

Z e o - K a r b  215 ( D o w e x - 3 °  is s imi l a r )  to  r e m o v e  ca t i ons .  The  s o l u t i o n  was  t h e n  b r o u g h t  to  p H  7 
w i t h  s o d i u m  b i c a r b o n a t e :  i t  c o n t a i n e d  o . - 5 6  m g  P pe r  nil. 5 ml  of it ,  w i t h  -o  nil o.14 % s o d i u m  
p e r i o d a t e ,  were  m a d e  up  to  o x a c t l y  5 ° nil.  2 ml  a l i q u o t s  were  t i t r a t e d  a t  i n t e r v a l s  in  t h e  m a n n e r  
o u t l i n e d  above .  T h e  r e s u l t s  w e r e  co r r ec t ed ,  on t h e  b a s i s  of n i t r o g e n  c o n t e n t  ( d i p h o s p b o i n o s i t i d e  
is a s s u m e d  n i t r o g e n - f l e e ) ,  fl~r t he  p r e s e n c e  of s e r i ne  p h o s p h a t i d e .  In  24 h o u r s  a t  r o o m  t e m p e r a t u r e  
o.() mo le s  of t t l O  I pe r  I '  were  used.  The  u p t a k e  was  t h e n  m u c h  s lower ,  i .S molea  pe r  P bein~a 
used  in 7 days .  

lnositel m,)nophospkale /rom phylic acid 
T h i s  w a s  p r e p a r e d  by  I'OSTEI¢NAK'S m e t h o d  9. The  p r o d u c t  was  a whirl ' ,  o p t i c a l l y  i n a c t i v e  

p o w d e r  1 ~ -.. ~o. 1 8 % .  A c r y s t a l l i n e  c y c h ~ h e x y l a m i n e  s a l t  was  p r e p a r e d  by  a d d i n g  t h e  t h e o r e t i c a l  
a m o u n t  of c y c l o h e x y l a m i n e  s u l p h a t e  to  t h e  b a r i m n  s a l t  in a l i t t l e  w a t e r .  The  b a r i u m  s u l p h a t e  
was  c e n t r i f u g e d  d o w n  and  to v o l u m e s  of n - b u t a n o l  a d d e d  to  t h e s u p e r n a t a n t .  Xfter  s h a k i n g  a n d  
s tandi lTg a t  o ~ for a n  h o u r  t h e  s o l u t i o n  was  f i l t e red  an t i  an e q u a l  v o l u m e  of e t h e r  a d d e d .  F ine  
need los  e a l n e  d(~;vn a n d  were  r e c r y s t a l l i s e d  b y  s i m i l a r  b u t a n o l - e t h e r  t r e a t m e n t .  The  m.p .  w a s  
I02 {dec.) a f t e r  s o m e  d a r k e n i n g  a t  I85 '  (1' 6.47 %. t h e o r y  ~.7(~°i, for a n h v d r o u s s a l t ) .  

..IclioV. ~,/ .\. s u b o x y d a n s  o~t inosilol phosphates 
"l'l'~e e x p e r i m e n t s  w i t h  .lcetobacter suboxydans (.\. 'I ' .C.C. No.I~zl}  were  p e r f o r m e d  in the  

'.',:.:-~, ::'~1 a p p a r a t u s  u s i n g  t he  c o n d i t i o n s  d e s c r i b e d  b y  MAGASANIK AND CHARGAFF t~. I{ t h e  
t , h o . ' d m t e s  h a d  been  w a s h e d  w i t h  e t h e r  or p r e p a r e d  b y  a l k a l i n e  d e c o m p o s i t i o n  of t h e  c y c l o h e x y l  
am ,~(, s a l t  fo l lowed  by  e t h e r  e x t r a c t i o n  to  r e m o v e  c y c l o h e x y l a m i n e ,  a l a rge  a p p a r e n t  o x y g e n  
u p t a k e  w a s  n o t i c e d .  "l:he use ~f e t h e r  was  t h e r e f o r e  a v o i d e d . . \  s l i g h t  o x i d a t i o n  of t h e  inosi to!  
p h o s p h a t e  g l y c o s i d e s  f rom s~)' bean  was  o b s e r v e d ,  a lso  of a r a b i n o s e  a n d  g a l a c t o s e ,  b u t  t h i s  
i n v o l v e d  o n l y  a b o u t  o a at~m3s of o x y g e n  pe r  molecu le .  The  inos i to l  n 3 o n o p h o s p h a t e s  p r e p a r e d  
fron3 p h y t i c  ac id  u s i n g  p h y t a s e  or  a l k a l i n e  h y d r o l y s i s  TM and  those  i s o l a t e d  f rom soy  b e a n  ~ 
g r o u n d - n u t  l i p ids  were  u n a t l ~ w k e d .  
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SUMMARY 

The inositol phosphates  released on hydrolysis of soy bean, ground-nut  and ox brain 
inositides have been separated on an anion exchange resin column. 

The inositol phosphat ides  of soy bean and ground-nut  appear  to be identical. Inositol mono- 
phosphate ,  linked glycosidically to galactose or arabinose, appears among the hydrolysis products.  
Inositol  diphosphate  could not be isolated. 

A possible s t ructure  of brain diphosphoinosit ide is suggested, in which glycerol esterifies 
bo th  phospha tes  of inositol diphosphate.  

d cetobacter suboxydans did not a t tack any of the inositol monophospha tes  studied, at least 
one of which had a free axial hydroxyl  group. 

Rf~SUMt~ 

Les phosphates  d'inositol lib6r6s par  hydrolyse des inositides du soja, de l 'arachide et du 
cerveau de boeuf ont  6t6 s6par6s sur  une colonne d 'une r6sine 6changeuse d'anions. 

Les inositol phosphat ides  du soja et de l 'arachide semblent  identiques. Le monophospha te  
d'inositol, li6 par  une liaison glycosidique au galactose ou A l 'arabinose, se t rouve parmi  leurs 
produi ts  d 'hydrolyse.  I1 n ' a  pas 6t6 possible d'isoler du diphosphate  d'inositol. 

Une s t ruc ture  possible du diphosphoinositide du cerveau est propos6e ; selon cette structure,  
le glyc6rol est4rifierait les deux fonctions phosphate  du diphosphate  d'inositol. 

Acetobacter suboxydans n 'a t t aque  aucun des monophosphates  d'inositol 6tudi6s, dont  l 'un 
au moins poss~de un groupe hydroxyle axial libre. 

ZUSAMMENFASSUNG 

Durch Hydrolyse  von Inositiden aus Sojabohnen, Erdniissen und Ochsengehirn erhaltene 
Inos i to lphcsphate  wurden an Hand  einer AnionenaustauschsAule aus Kuns tharz  getrennt.  

Inosi tolphosphat ide aus Sojabohnen und Erdniissen scheinen identisch zu sein. Inositol- 
monophosphat ,  durch Glykosidbindung an Galaktose oder Arabinose gebunden, erscheint unter  
den Hydrolyseprodukten.  Inosi toldiphosphat  konnte nicht isoliert werden. 

Es wird eine Strukturm6glichkeit  der Gehirndiphosphoinosit ide vorgeschlagen, laut welcher 
beide Phosphate  des Inosi t idphosphates  durch Glyzerin esterifizert werden. 

dcetobacter suboxydans griff keines der untersuchten Inos i to lmonophosphate  an, deren 
mindestens eines eine freie axiale OH-Gruppe besass. 
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