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Preliminary Notes 
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Isolation and characterization of a diether analog of phosphatidyl 

91ycerophosphate f rom Halobacteriurn cutirubrum * 

In a previous communication 1, it was reported that the hpids of an extreme halophile, 
Halobacterium cutirubrum, contained ether-linked alkyl groups instead of ester-linked 
fat ty  acids. Furthermore, it was found that at least 73% of the lipid phosphorus 
was associated with a single phosphatide component which on acid hydrolysis gave 
a long-chain diether of glycerol and glycerol diphosphate. Since this phosphatide had 
an Ri~ value on silicic acid-impregnated paper in diisobutyl ketone-acetic  acid-water  
(40:25:5, v/v) 2 similar to that of cardiolipin 8, it was considered, tentatively, to be 
a diether analog of diphosphatidyl glyceroP. 

We have now isolated this phosphatide from the total hpids of H. cutirubrum 
and wish to present evidence establishing its structure as a diether analog of phos- 
phatidyl glycerophosphate. 

Isolation of unknown phosphatide as its sodium salt. Total hpids (including caro- 
tenoid pigment) were extracted from cells of H. cutirubrum as described previously 1. 
A chloroform solution of the total lipids (444 mg, containing 2o.5 mg P) was concen- 
trated in a stream of Nz to 3-4 ml, diluted with io vol. of methanol, and the mixture 
was kept at o ° overnight. Some insoluble material was removed by centrifugation 
and washed three times with 1-2 ml of cold methanol. A 20 % aqueous solution of 
BaClz (0.5-o.6 ml) was added dropwise to the combined methanol supernatants until 
no further precipitation occurred. The mixttire was cooled on ice and the barium 
salt was centrifuged and washed several times with small portions of cold methanol 
and acetone. I t  was reprecipitated from 3 ml of chloroform by addition of 30 ml of 
acetone at o °, recovered by centrifugation, washed twice with IO ml of cold acetone, 
and dried in vacuo (yield, 312 mg; %P, 5.62; recovery of P, 86 %). 

The barium salt was converted to the sodium salt via the free acid, as follows: 
a solution of lO5 rng of barium salt in 15 ml of chloroform was diluted with 15 ml 
of methanol and acidified with 0.35 ml of I N HC1. The mixture was shaken for 
15 min, 13.2 ml of water were added, and the chloroform phase was separated by 
centrifugation and concentrated to dryness in vacuo (yield of free acid, 88. 4 mg; 
%P, 6.78 ). A solution of the free acid in IO ml of methanol was neutralized to phenol- 
phthalein with methanohc NaOH (alkali consumed, I.O equiv/atom P), cleared by 
centrifugation of a slight precipitate, concentrated to a small volume (approx. o.5 ml), 
and diluted with IO vol. of cold acetone. The precipitate was recovered by centrifu- 
gation, washed with cold acetone, and precipitated again from methanol solution with 
acetone. The sodium salt thus obtained was a white, slightly hygroscopic powder 
weighing 77.7 mg (86% yield from the barium salt, on basis of  P); it was soluble 

* I s sued  as N.R.C. No. 77x4. 
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in chloroform, methanol,, and water, and insoluble in acetone. When chromatographed 
on silicic acid-impregnated paper with diisobutyl ketone-acetic acid-water  as 
solvent ~, it gave only one spot with RF 0.68-0.70 identical with that  of the major 
phosphatide in the total lipids. 

Analyses: Fotind: C, 59.50; H, lO.24; P, 6.66; Na, 4.87 %; Na/P atomic ratio, 
0.98. C,eHg,O11P,Na , (mol. wt. 930.7) requires C, 59.35; H, IO.I8; P, 6.66; Na, 4.95 %; 
Na/P atomic ratio, I.OO. 

The analytical data are in good agreement with those calculated for the disodium 
salt of a diether analog of phosphatidyl glycerophosphate having C~o chains. The 
previous assignment of Clv to Cls chains Was based on C and H analyses of the glycerol 
diether I and on the relative retention of the latter on a column of SE-52 at 220 ° 
(ref. 4), but the data presented here show that  the chains are actually C~o-branched 
(see below). 

Degradative studies. The sodium salt (25.3 mg; 54.3 #moles P) was heated under 
reflux in 4.5 ml of 2.5 % methanolie HC1 for 4 h, and the petroleum ether-soluble 
and methanol-water-soluble products were separated 5. The water-soluble fraction 
contained 95-3% (51.7 pmoles) of the total phosphorus in the form of an organic 
phosphate (less than 0.5% inorganic P was present) which had a phosphorus to 
glycerol* molar ratio of 2.o:I.2 and most likely was glycerol diphosphate in form of 
a cyclic phosphate trimethyl ester. After hydrolysis of the phosphate ester in o.2 N 
NaOH for 2-3 h at ioo °, 68% of the phosphorus was obtained as a barium salt 
insoluble in boiling water and corresponding in composition and chromatographic 
properties to barium glycerodiphosphate. [Found: P, lO.95 %; P:glycerol molar ratio, 
2.oo:0.97. C3H, O,P , . zH,O (tool. wt. 558.I) requires P, I i . i o % ;  P:glycerol molar 
ratio 2.oo: I.OO; RF o.I 7 in phenol-water;  Rp** o.4i in butanol-acetic acid-water  
(5:3:1, v/v); synthetic z,3-glycerol diphosphate ~ had RF o.17 and Rp** 0.42, re- 
spectively. ] 

The ether-soluble fraction was found to be a long-chain diether of glycerol 1 having 
C2o-chains. [Yield, 17.1 mg; 26.3 pmoles; molar ratio diether:sodium salt, 0.97: I.CO. 
Found: C, 78.50; H, 13.63%; tool. wt., 66o. C,3H~O a (mol. wt. 652.6) requires C, 
79.I3; H, i3.59%. ] I t  gave only one peak when subjected to gas-liquid chromatog- 
raphy on silicone SE-52 at 220 ° (ref. 4), with retention relative to synthetic ~,fl-di- 
n-octadecyl glycerol ether of o.64 (corresponding to chains with carbon number 8, i7.2 ). 
Its infrared spectrum was identical to that  of ~,,fl-di-n-octadecyl glycerol* except that  
it contained a doublet at I385-I375 cm -~, indicative of a ge'm-dimethyl group. 

On treatment of the diether with BC18 (ref. 9), a long-chain chloride and glycerol 
were recovered in the molar ratio of 2.oo: o.9I. Cleavage of the diether with HI (ref. io) 
gave an alkyl iodide which showed only one peak on gas-liquid chromatography 
(butandiol-succinate polymer, z97 °) with retention relative to n-octadecyl iodide, 
o.82, and carbon number s , 17. 4 . The nuclear magnetic resonance spectrum of the 
iodide showed that  there were five methyl groups to eleven methylene groups, and 
that  the iodide was on a primary carbon. 

Treatment of the iodide with silver acetate, followed by saponification ~°, yielded 
the corresponding alcohol which was found to have an infrared spectrum and gas-  

* Glycerol  was  d e t e r m i n e d  b y  t h e  m e t h o d  of LAMBERT AND N E I S H  8 af te r  hyd ro ly s i s  of t h e  
s a m p l e  w i t h  2 N HCI in  a sealed t u b e  a t  125 ° for 5 h. 

** Rp  i nd ica t e s  pos i t ion  of spo t  r e l a t i v e  to  inorgan ic  p h o s p h a t e  (Rp, i.oo). 
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liquid chromatographic properties (carbon nmnber, 17. 7, on Apiezon L at 197 °) identi- 
cal with those of dihydrophytol, prepared by hydrogenation of authentic phytol. 
Mild oxidation of the alcohol with CrO8 in glacial acetic acid gave the corresponding 
carboxylic acid, the methyl ester of which had an infrared spectrum and chromato- 
graphic properties (carbon number, 17. 4, on Apiezon L at 197 °) identical with those 
of the methyl ester prepared in the same way from dihydrophytol. 

On the basis of these results, the structure of the major phosphatide in H. cuti- 
rubmr, t is most likely a diether analog of phosphatidyl glycerophosphate in which 
the alkyl chains me dihydrophytyl groups: 

0 O- 0 O- 
I l /  II/  

H2iOPOCH2CH (OH)CH sOP~o - 

HCOCH2 [CHaCH(CHs)CH2CH~] sCH2CH(CHs)CHs 

I 
HsCOCH~ [CHsCH(CHs)CH2CHI] sCH2CH(CHs)CHs 

Phosphatidyl glycerophosphate has previously been detected as an intermediate 
in the biosynthesis of phosphatidyl glycerol by chicken liver or rat-liver mito- 
chondria u. The high concentration of a diether analog of this phosphatide in H. cuti- 
rubvum is unusual and may perhaps be connected with the extreme halophilism of 
this organism. 

P.S.S. is a N.R.C. Postdoctorate Fellow, 1961-63. L.S.Y. is a N.R.C. Post- 
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