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ON THE STRUCTURE 

OF G L U C O S A M I N Y L  P H O S P H A T I D Y L  GLYCEROL OF 

B A C I L L U S  M E G A T E R I U M  

Op den Kamp et al. 1) isolated a new phospholipid from Bacillus megate- 

rium which was found to be a glucosamine derivative of phosphatidyl glyc- 
erol. In a recent note Phizackerley et al. 2) reported on a similar lipid from 
Pseudomonas ovalis. Further studies on the phospholipid from B. megaterium 
confirmed that the compound is identical to glucosaminyl phosphatidyl 
glycerol. 

Cells of  B. megaterium (strain MK 10D; Rijks instituut voor Volksge- 
zondheid, Utrecht) were cultivated under conditions which gave an optimal 
yield of the glucosamine-containing phospholipidl). The cells were harvested 
in the stationary phase of growth, the pH of the medium at this stage being 
4.9. During the washing procedure and the extraction of the lipids 3) the pH 
was maintained at 5.0. The content of neutral lipid was 4.10'}o and that of 
total phospholipid 0.95% on a dry weight basis. The glucosamine-containing 
phospholipid represented about 30% of the total phospholipids, as deter- 
mined after paper chromatographic separation1). 

The total lipid extract (245 rag) was fractionated on a silica column (400 g 
Mallinckrodt 100-120 mesh, column 40 x 5 cm), with a discontinuous gra- 
dient of methanol in chloroform. The glucosamine-containing phospholipid 
was eluted with chloroform : methanol (4:1, v/v) together with small amounts 
of lysyl phosphatidyl glycerol and phosphatidyl ethanolamine. Final purifi- 
cation was achieved by repeated preparative thin-layer chromatography on 
Silicagel G (Merck, 1 mm thick) with chloroform:methanol:acet ic  acid: 
water (250:74: 19:3, v/v/v/v). Starting from 100 1 of culture 30.5 mg of 
chromatographically pure glucosamine-containing phospholipid was ob- 
tained. 

Acid hydrolysis of  the compound was carried out with 4 N HCI at 100~'C 
for 5 hr. As reported previously glucosamine was the only ninhydrin-positive 
compound detectable after paper chromatography of the hydrolysate in 
three different solvent systems1). The identity of the amino sugar was now 
confirmed by gas-liquid chromatography. After N-acetylation the amino 
sugar was converted into the trimethylsilyl derivative according to Perry4), 
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and isolated by extraction of the reaction mixture with hexaneS). The solu- 
tion was dried over calcium sulphate and the solvents, including pyridine 
removed by repeated evaporation. Gas-liquid chromatography was carried 
out with a Pye-argon gaschromatograph fitted with an ionization detector 
and employing straight glass columns (120x0.5 cm), which were packed 
with 10~o (w/w) neopentylglycol sebacate polyester on 80-100 mesh Chro- 
mosorb W (190°C, 66 ml argon/rain). Quantitative determinations of the 
glucosamine content were carried out in a similar way, using galactosamine 
as an internal standard. Determinations of phosphorus6), glycerol v) and 
nitrogen s ) were carried out according to established procedures. The com- 
pound revealed a glucosamine:nitrogen: phosphorus:glycerol ratio of 
1.0:1.1:1.1:2.0, this being in accordance with the conclusion that one mole 
of glucosamine is linked to one mole of phosphatidyl glycerol. Inasmuch as 
the phospholipid, when compared with phosphatidyl glycerol, gave only a 
weak reaction with the periodate-Schiff reagent, it seems likely that the 
glucosamine is attached to one of the OH groups of the glycerol end group. 
This view was supported by weak alkaline hydrolysis of the phospholipid in 
a buffered medium at pH 9. After incubation for 1 hr at room temperature 
a complete conversion of the phospholipid into phosphatidyl glycerol and 
free glucosamine was observed (scheme 1, reaction 1). Treatment for 1 hr at 
a pH below 7 gave only a slight breakdown. Apparently the glucosamine 
derivative of phosphatidyl glycerol exhibits a similar lability as the 0-amino 
acid esters of phosphatidyl glycerol. This behaviour complicated the study 
of the degradation of the phospholipid by phospholipase C (scheme 1). 
Treatment of the phospholipid with the enzyme from Bacillus cereus at pH 
5.5 gives practically no breakdown, this by contrast to an incubation at pH 
6.5. Under the latter conditions 1,2-diglyceride, glycerophosphate and free 
glucosamine were found to be the hydrolysis products, in some cases paper 
chromatography revealed, in addition to the components mentioned, a com- 
ponent which might be identical to glucosaminyl glycerophosphate (favour- 
ing reactions 3 and 4). On the other hand it is feasible that the first reaction 
involved a removal of glucosamine (reaction 1) followed by an enzymatic 
hydrolysis of the phosphatidyl glycerol (reaction 2). To date it is not possible 
to decide between both pathways. The resistance of the glucosaminyl phos- 
phatidyl glycerol towards the actions of phospholipase C at pH 5.5 provided 
a convenient tool for the isolation of this phospholipid. Under these con- 
ditions a complete breakdown of phosphatidyl glycerol, phosphatidyl 
ethanolamine and lysyl phosphatidyl glycerol was obtained. 

The present investigations have been carried out under the auspices of the 
Netherlands Foundation for Chemical Research (S.O.N.) and with financial 
aid from the Netherlands Organization for the Advancement of Pure Re- 
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Scheme 1 

Degradation of glucosaminyl phosphatidyl glycerol. Alkaline hydrolysis (reaction 
1) was carried out in 1 ml 0.02 M borate buffer pH 9 and 3 ml methanol for 1 hr 
at room temperature. Phospholipase C (B. cereus) degradation was carried out by 
shaking the phospholipid in a mixture of equal volumes of ether and buffer (pH 6.6). 
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