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Preliminary Notes 
I I 

Identification of a bacterial phospholipid as an 
O-ornithine ester of phosphatidyl glycerol 

Recent studiesa, ~ on the phospholipids of Bacillus cereus revealed small amounts of 
unknown types of phospholipids to be present. During the chromatographic purifi- 
cation of the major phospholipids which resulted in the isolation of pure phosphatidyl 
glycerol s, one of the unidentified minor compounds was also obtained in a chromato- 
graphically pure form. Chemical and enzymic hydrolyses carried out on less than 
I mg of substance allowed this compound to be identified as a derivative of phos- 
phatidyl glycerol esterified with one or more ornithine molecules. The results of this 
independent study are in fair agreement with those of MACFARLANE 4 who very 
recently reported on the occurrence and possible structure of O-amino acid esters of 
phosphatidyl glycerol in Clostridium welchii and Staphylococcus aureus. Indications 
for the occurrence in small amounts of analogous components in many other bacteria, 
e.g. Bacillus megaterium, Pseudomonas stutzeri, Serratia marcescens, are accumulating 
in our laboratory. 

After culturing B. cereus in a medium containing radioactive orthophosphate, 
the lipids were extracted and subjected to chromatography on silica columns ac- 
cording to methods outlined previously 3. Discontinuous elution with mixtures of 
chloroform and methanol (up to 85:15, v/v) eluted various acidic phospholipids, 
phosphatidyl glycerol and phosphatidyl ethanolamine in this order. The compound 
under discussion was recovered in the fraction chloroform-methanol (3 : I, v/v) some- 
times together with a small amount of phosphatidyl glycerol. Rechromatography 
under identical conditions brought about a separation of the two substances. 

The unknown compound showed on silica-impregnated paper chromatograms 5 
and thinlayer chromatograms only one (radioactive) spot, with a RF value resembling 
that  of lecithin. However, the reagent of DRAGENDORFF as used for detection of 
choline-containing phospholipids s failed to give any positive reaction.The amphiphatic 
character of the phospholipid was demonstrated by a red colour after treatment with 
the tricomplex reagent of BOI~GENBERG DE JOl~G 7. Actually, the phospholipid spot 
gave a positive ninhydrin reaction. The periodate-Schiff reagent 8, which is very sensi- 
tive for phosphatidyl glycerol, did not give any staining, thus indicating two vicinal 
hydroxyl groups to be lacking in this new phospholipid. 

Mild-alkaline hydrolysis 9 produced a water-soluble radioactive product, which 
revealed on two-dimensional paper chromatograms only one radioactive spot coin- 
ciding with glycerylphosphoryl glycerol. This finding indicates the close relationship 
between this phospholipid and phosphatidyl glycerol. Acid hydrolysis gave as ex- 
pected [ssPJglycerophosphate. The hydrolysis product reacting with ninhydrin coin- 
cided with both lysine and ornithine on paper chromatograms developed in butanol-  
acetic acid- water (4: I : 5, v/vl and propanol-ammonia-water  (6: 3 : I, v/v). However, 
on paper chromatograms developed in phenol-water, the hydrolysis product behaved 
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similarly to ornithine. No indications for the presence of other amino acids or other 
nitrogenous constituents, e.g. choline, were obtained. 

The foregoing observations indicate the isolated phospholipid to be an ornithine 
derivative of phosphatidyl glycerol (Fig. I). The question can be raised whether this 
compound contains ornithine esterified to the phospholipid moiety or whether salt 
linkages between phosphatidyl glycerol and ornithine are involved. Actually LEDERER 
recovered from mycobacteria ornithine-containing phospholipid fractions, but later 
he reported this amino acid to be present as an impurity only lo. A liposoluble form 
of ornithine, which is not a phospholipid, was recently reported by LAN#~ELLE el a/. n. 

ornithine ornithine 
+ + 

glycerylphosphoryl g l y c e r o l  glycerophosphate 

H/ 
OH 
I 

H2C-~P-~HI-CH-CH ~ 

ii I 1 o 

HC-0-C-R s 0 OH 

I II I 
0 C=O 

I 
HIC--O-?R I HC-NH z [  

0 (CH,), 
i 
CH2-NH ~ 

phosphatidyl-glyceryl-ornithine 
(PGO) 

phosph~lipue A /  ~ o s p h o ~ p a s e  C 

lyso PGO PG PG diglyceride phosphorylglyceryl- 
~ /  ~ /,- ornighine ¢"// 

lyso PG glycerophosphate 

Fig. I. Tentative formula of the isolated phospholipid (PGO) and its breakdown by chemical 
and enzymic hydrolysis. The pathways indicated by dotted arrows are tentative. PG = phos- 

phatidyl glycerol. 

However, in the present study it was shown that phosphatidyl glycerol and ornithine 
when mixed together under conditions applied for the extraction of the bacterial 
lipids, did not give rise to the formation of the newly described phospholipid. Paper 
chrom_atograms of such mixtures revealed free phosphatidyl glycerol and ornithine, 
while during paper electrophoresis in an aqueous system ornithine moved also com- 
pletely free from phosphatidyl glycerol. In contrast, the isolated compound upon 
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paper electrophoresis under identical conditions did not give rise to a spot of ornithine, 
the ninhydrin reaction still coinciding with the phospholipid on the origin. Therefore, 
it was concluded that in this new phospholipid ornithine is bound to the phosphatidyl 
glycerol molecule by ester linkage at one or both of the available hydroxyl groups 
(Fig. I). This view was supported by results obtained by enzymic hydrolysis with 
phospholipase A (EC 3.1.1.4) and C (EC 3,I.4.3), according to principles applied in 
a previous investigation on the structure of phosphatidyl glycerol s. Phospholipase A 
(Crotalus adamantheus) produced phosphatidyl glycerol, lysophosphatidyl glycerol and 
a ninhydrin-positive compound in about the same amount as phosphatidyl glycerol. 
The RF value of this ninhydrin-positive spot suggested it to be the lyso compound 
of the ornithine-phospholipid. The appearance of these products may be explained 
by assuming either the action of an esterase in the snake venom or the ability of 
phospholipase A to split off amino acids. In the latter case one has to assume one 
amino acid to be esterified at the/~- position; in the former the absence of more 
ninhydrin-positive spots would also indicate only one ornithine to be present in the 
molecule, although an esterase might split off two amino acids at the same time. 
Phospholipase C, produced by B. cereus itself, did cause after a sufficient incubation 
period a complete hydrolysis of the compound into radioactive glycerophosphate. 
However, it was observed that during this enzymic incubation also radioactive phos- 
phatidyl glycerol is formed. An esterase is probably present in the crude phospho- 
lipase C preparation. It has yet to be settled whether this esterase and phospholipase C 
are acting simultaneously and/or consecutively. 

Although all results obtained so far point to the Structure proposed in Fig. I, 
a more complex molecular arrangement cannot altogether be precluded. MACFARLANE 4 
found in the phospholipid fraction eluted with 2o-40 % methanol in chloroform, 
containing as amino acids mainly ornithine and lysine, a ratio phosphorus-amino 
nitrogen-total nitrogen of I : I .I:  2.I, showing that only half of the nitrogen is present 
as amino nitrogen. The amounts of the compound isolated so far by us were not 
sufficient to ascertain the number and position of the ornithine residues. 
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