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Biochemistry of the Sphingolipids. XIV. Inositol 
Lipids of Flaxseed 1 
H. E. CARTER, D. S. GALANOS, 2 H. S. HENDRICKSON, BARBARA JANN, z TEISHI NAKAYAMA, 4 
YASUO N A K A Z A W A  5 and BRIAN NICHOLS, ~ Division of Biochemistry, Noyes Laboratory of 
Chemistry, University of Illinois, Urbana, Illinois 

A study has been made of the inositol-containing 
lipids os flaxseed phosphatides. Solvent fraetionation 
procedures have been developed for the preparation of 
an inositoI lipid fraction from the oil-free phosphatide. 
By countercurrent extraction, the inositol lipid fraction 
was separated into a crude phosphatidyl inositol frac- 
tion and a second fraction containing long-chain base 
nitrogen. The phosphatidyl inositol was shown to exist 
as a mixed magnesium-calcium salt and evidence is pre- 
sented that nitrogenous impurities (mainly phosphatidyl- 
ethanolamine) may be bound to phosphatidyl inositol 
through a chelated salt linkage. The long-chain base 
fraction was shown to contain phosphatidyl inositol and 
two phytoglycolipids, one similar to that fronl corn and 
soybean; the other of a novel type in which the oligosac- 
charide portion contains galactose, arabinose and fucose. 
The long-chain base in flax phosphatides was shown to be 
dehydrophytosphingosine. I t  was suggested that phyto- 
glycolipid may exist in a loose complex with phosphatidyl 
inositol (possibly as a chelated magnesium and/or cal- 
cium salt). 

A 
~ETHOD for  the p repara t ion  of crude inositol lipid 
fract ions f rom corn, soybean, and other plant  
phosphatides has been repor ted  (1). The prod- 

ucts were designated as inositol l ipid fract ions (corn 
IL,  soybean IL,  etc.) and contained about 80% of 
the original l ipid-bound inositol. These materials  were 
shown to consist mainly  of phosphat idyl  inositol ( P I )  
and a second long-ehaiu base-containing f ract ion which 
was designated as phytoglyeol ipid (P GL) .  The orig- 
inal l ipid f rom which P G L  was derived will be desig- 
nated as PGL-precursor  pending its fu r the r  charac- 
terization. Unfor tunate ly ,  success was not obtained 
in these previous studies in separa t ing PI -  and PGL-  
precursor  on a p repara t ive  scale f rom the I L  fractions, 
a l though a par t ia l  resolution was achieved by ex- 
tended countercurrent  distribution. 

In  the previous work, p re l iminary  studies were 
made on flaxseed phosphatides with some indication 
of differences in the propert ies  of the P G L  obtained. 
A more extensive s tudy  of the inositol lipids of flax- 
seed was under taken  with the hope of developing a 
procedure for  f rac t ionat ing the I L  in order bet ter  to 
characterize the consti tuent lipids. The present  paper  
describes procedures for  p repar ing  flaxseed I L  and 
separa t ing it  into P I -  and PGL-preeursor  fractions. 
Also repor ted  are procedures for  the prepara t ion  of 
flax P G L  and pre l iminary  characterizat ion studies on 
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the various fractions. These studies are summarized 
in the following flow sheet. 

[-----~ Flax PI 

Flax phosphatide ------+ Flax hmsitol Lipid-- 
L____+ Flax PGL- 

)reeursor 

. . . .  > F l a x  P G L  < 

L o n g - c h a i n  b a s e  ( d e h y d r o p h y t o s p h i n g o s i n e )  
C e r a m i d e  ( e e r a m i d e  p h o s p h a t e )  
O l i g o s a c e h a r i d e s  A a n d  C 
O l i g o s a e e h a r i d e  p h o s p h a t e s .  

Flaxseed phosphatide gave flax I L  in yields com- 
parable to those obtained f rom corn and soybean (20-  
25%).  The product  was a slightly colored powder 
which dissolved readily in benzene, chloroform, and 
similar  soh, ents. Analyt ical  data  for  the original 
phosphat ide and for flax I L  are given in Table I. 
The substantial  ash content of the original phospha- 
tide is noteworthy and caused difficulty in the a t t empt  
to prepare  flax PG[,  by direct alkaline hydrolysis  of 
the phosphatide. The high nlagnesium content of the 
ash is also of interest [in corn I L  calcium (1.41%) 
predominates  over magnesium (1.19%) ]. 

F lax  I L  gave a strong positive anthrone test and 
a positive n inhydr in  test. Acid degradat ion studies 
using the procedures previously repor ted (1) showed 
the presence of galaetose, arabinose, mannose (weak),  
and a previously undetected sugar  which ran on pa- 
pergrams like a methyl-pentose and was eventually 
identified as fucose. Inosito], inositol phosphate, glyc- 
erol, and glycerol phosphate were also detected. The 
main nitrogenous components were found to be long- 
chain base and glucosamine with minor  amounts of 

T A B L E  I 
Analyses of Flaxseed Phosphat ides  

Flaxseed phos- 
phat ide  

Flaxseed I L  

Flaxseed P I  

Flaxseed PGL- 
p recurso r  b 

Yield I LCB Nitro- ] n i t rogen ),{aterial gen 

10O i 1.02 0.08 
I 

25 : 0.63 0.28 

13 0.37 0.08 

10 1.09 0.48 
I 

Phos- 
phorus  

Sugar Phos- (as ga- 
~horus lactose) 

% % 
3.29 4.53 

3.39 6.89 

4.03 t race  

2.51 11.0 

Ash 

% 
14.0 

11.8 ~ 

12.8 

..,... 

*Ca 0 . 6 5 % ;  35g 2 . 4 8 % ;  Na, Fe, Ni, Zn, Si ~ 0 .1%;  Mn, Pb  ~ 0 .03% 
by emission spectrographic  analyses. 

bGlycerol 3 .67%;  inositol 15.2"%. 
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T A B L E  I I  

S i l i e i e  A c i d  C h r o m a t o g r a p h y  of  F l a x  I n o s i t o l  L i p i d  ( 1 . 0  g . )  

S o l v e n t  
c h l o r o  T u b e s  ~ [ ] N i t r o g e n  

rr~ct io ,  f , ~ ' [  corn- ~g~~ P I ~0 - . y _ _  
b r e e d  m e t h a n o l  T o t a l  I L C B  

. . . .  _ _  . . . . .  i 

/ I I ' ~ "  / % j % ~o 
A* . . . . . . . . . . . . . . . . . . . .  ~ 4 : 1  1 7 - 2 1  I 1 4 1  / 8 . 4 0  0 8 9  . . . . . .  
A= .................... / ...... 1 2 2 - 4 1  I 132 a.2~ I o.sa 0.35 
B~ . . . . . . . . . . . . . . . . . . . .  / 8 : 2  8 3 - 8 7  I 8 7  I 3 . 2 2  / 0 9 3  .... 
Be  . . . . . . . . . . . . . . . . . . . .  [ . . . . . .  8 8 - 1 0 6  1 2 2  3 6 2  0 8 2  0 3 4  
F l a x  I L  . . . . . . . . . . . .  | . . . . . .  I . . . . . .  I . . . . . .  / 3 . 4 8  / 0 . 9 7  0 . 4 1  

~{o- 
l i s c h  

4- 
4- 
4- 
4- 
4- 

ethanolamine and serine present. The Dische test for  
hexuronic acids was positive. These results together 
with the elementary analyses support  the view that 
flax IL  (like corn and soybean) consists mainly of a 
mixture of phosphatidyl  inositol and PGL-precursor.  
The presence of minor amounts of fueose constitutes 
the main qualitative difference observed in the flax 
IL as compared with corn or soybean IL. This point 
will be taken up later. 

F lax  IL  was subjected to chromatography on silieie 
acid and silieie acid-Hyflo-supereel columns usinu 
various eluting solvents. From two to four peak 
fractions (sometimes part ia l ly  overlapping) were ob- 
tained. However, every fraction contained carbohy- 
drate and long-chain base nitrogen and in no ease 
was there any significant segregation of pho~phatidyl 
inosito] and PGL-preeursor  into separate fractions. 
The results of a typical silieic aeid-Hyflo-supercel 
cohmm are summarized in Table 1[. 

Attention was next  turned to counterenrrent  dis- 
tr ibution techniques. A previous paper (1) described 
a butanol-methanol-water-heptane system which gave 
part ial  separation of P I  and PGL-precursor.  Using 
a similar system, but  replacing the heptane with hex- 
ane, a rapid separation of the two main fractions of 
flax IL  was achieved. The results of a typical eoun- 
te rcur rent  extraction are summarized in Table I I I .  
A nmnber of preparat ive runs  (50 g. of flax IL with 
1,000-ml. portions of upper  and lower phase) gave 
similar results. I t  is evident that  flax IL  has been 
separated in a small uumber of extractions into two 
main fractions. The more polar alcohol phase mate- 
r im (55-65% yield) is low in nitrogen and almost 
devoid of carbohydrate.  I t  appears to consist mainly 
of PI.  The less polar "hexane  f r o n t "  fraction (20- 
25% of the s tar t ing material)  contains most of the 
long-chain base and carbohydrate  and appears to be 
PGL-precursor.  

I t  is interesting to note that flax IL does not appear  
to contain the high-phosphorus material  (designated 
as l ipophytin)  encountered in corn IL, and separat- 
ing as an interracial solid f rom heptane-butanol-meth- 
an01-water systems. The absence of l ipophytin from 
flax IL  simplifies considerably the preparat ion of PI-  
and PGL-preeursor  fractions. 

In  order to fu r the r  characterize flax P I  a consid- 
erable quant i ty  of the alcohol phase fraction was pre- 
pared by countereurrent  extraction. The crude P I  

T A B L E  I I I  

C o u n t e r c u r r e n t  E x t r a c t i o n  of  F l a x  I n o s i t o l  L i p i d  ( 5 . 0  g , )  

F r a c t i o n  

M e O H - B u 0 H - H 2 0  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t I e x a n e  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W e i g h t  T o t a l  L C B  I 

/ 

g % % I 1.5o o.32 o.o9 } 
1 , 1 6  0 . 4 1  0 . 1 2  ] 
0 . 5 7  0 . 4 3  0 . 1 0  I 
0 . 3 2  . . . . . .  

0 . 1 1  . . . . . .  
0 . 1 3  . . . . . .  
0 . 2 0  . . . . . .  
1.2o o89 dig;i 

P h o s -  
p h o r u s  

% 
3 . 6  
3 .4  
3 . 4  

2 . 6  

fract ion thus obtained was ahnost devoid of carbo- 
hydra te  but  ahvays contained a small amount of 
nitrogenous impur i ty  (N, 0.2 to 0.4c;~ ). Acid hydroly- 
sis of this nmterial gave fa t ty  acids, inositol, inositol 
phosphate, glycerol, and glycerophosphate as the 
lnain products. Ethanolanfiue and serine were identi- 
fied as lninor nitrogenous impurities. Mild alkaline 
hydrolysis, Dawson procedure (2), gave glycerylphos- 
phorylinositol (GPI)  as the main product  together 
with minor anlounts of glycerylphosphorylethanola- 
mine (GPE)  and glyeerylphosphorylserine (GPS) .  
These data establish that  the alcohol fraction con- 
tains mainly P I  contaminated by minor amounts of 
phosphatidyl  cthanolamine (P E)  and phosphatidyl 
serine (PS) .  However all attempts to remove the 
nitrogenous impurities by eohmm chromatography 
failed, and other approaches (catalytic hydrogena- 
tion, preparat ion of the dinitropheny/ derivatives) 
did not yield a nitrogen-free PI  fraction. Fur ther-  
more it was not possible to detect free P E  by the 
paper chrolnatographie procedure of Maruo and Ben- 
son (3). In view of these difficulties, it seemed that  
the lipids might possibly be bound as mixed chelated 
calcium and /o r  lnagnesiuln salts. I f  such were the 
ease, however, the amount of N present could account 
for only about 10% of mixed salt. In the hope of 
gaining seine fur ther  insight into this problem crude 
PI  was subjected to a 200-transfer distribution (meth- 
anol-butanol-water-hexane system) under the funda- 
lnental system of operation in a 200-tube instrulnent. 
The results are shown in Figure  1. The main peak 
fract ion contained only 0.2~ N and gave good an- 
alytical data for a mixed calciun~-nmgnesiuln salt 
of phosphatidyl inositot. Intermediate  fractions had 
higher nitrogen contents, and a faster moving peak 
fraction gave analytical data in reasonable agree- 
ment with those required for a mixed salt of P I  
and PE.  These studies will be extended since it seems 
po~ible that  the incorporation of amino adds  into 
inositol l ipid-containing fractions by biological sys- 
tems may result from formation of similar salts (pos- 
sibly stabilized by chelation). Attempts are being 
made to prepare  pure nitrogen-free salts of P I  in 
quanti ty in order to investigate their iuteraction with 
amino acids, peptides, and other substances capable 
of forming chelated mixed salts with PI.  These stud- 
ies will be reported later. 

The PGL-precursor  fraction was also subjected to a 
200-transfer emmtercurrent  distribution in the usual 
way. The peak fraction (Figure  2) contained ealcimn 
and magnesium and the analytical data obtained to 
date suggest that  POL-preeursor  may represent a mol- 
ecule of P G L bound as a mixed Ca-Mg salt to a mole- 
cule of phosphatidyl  inositol. This question is also 
being investigated fur ther .  

The preparat ion of flax PGL by the procedures 
previously reported was investigated in some detail. 
Identical products  were obtained by mild alkaline hy- 
drolysis of flax phosphatide directly, and of flax IL- 
and PGL-preeursor .  The direct preparat ion from 
flax phosphatide was cmnplicated by the fact that  the 
crude P G L contained much ash and was difficult to 
pur i fy  by the pyridine extraction procedure. The flax 
P G L obtained from any of these sources was a white 
powder with typical  P G L  solubility properties (solu- 
ble in organic bases, chloro%mn-methanol, dimethyl- 
sulfoxidc; insoluble in benzene, ether, and other less 
polar soh'ents). The specific rotation of several sam- 
ples was in the range of +47 ~ to +49 ~ (corn PGL, 
+51~ Paper  chromatograms of strong acid hydroly-  


