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: SC 2331
Alkaline degradation of the phosphomucopolysaccharide

from cell walls of Bacilius megaterium KM

About 40% of the dry weight of cell walls of Bacterium megaterium KM consist of
a phosphomucopolysaccharide containing phosphate, glucese and N-acetylghicos-
amine in the molar ratio 1:2:1.3 as well as a polyol'-%. Because of its resemblance
to the glycercl and ribitol teichoic acids found in other Gram-positive bacterial walls,
it has heen referred to as X-teichoic acid3. According to SALTON AND MILHAUD4, acid
hydrolysates of radioactive B. megaterizmm KM cell walls or of the radicactive com-
ponent(s) released from them by a phage enzyme, contain a compound of which the
chromatographic behaviour is that of anhydraribitol ; this observation suggested that
the polyol of the phosphomucopolysaccharide complex might be ribitol, Further
studies are reported in this paper. '

As already described?®®, B. megaterium KM cell walls were lysed through the
action of the F,B enzyme preparation from Sireplomyces albus G and the phospho-
mucopolysaccharide was separated from the glycopeptide fragments by paper electro-
phoresis. It was then further purified by gel filtration on Sephadex G-30, employing
water to equilibrate the column and as eluting solvent. Filtration of the phospho-
mucopolysaccharide complex was almost identical to that of the teichoic acid from
S. aureus {strain Copenhagen)®. The polymer was collected between 1T and 206 ml while
bovine serum albumin and NaCl, used as controls to calibrate the column, were
collected at abeut 12z ml and 45 ml, respectively. .

The purified phoesphomucopolysaccharide preparation had the same chemical
composition as the preparations obtained earlier®, (It should be noted that the F,B
preparation is a mixture of lytic enzymes. The phosphomucopolysaccharide prepared
in this way is devoid of fragments of glycopeptide. If, instead of the F,B preparation
purified enzymes are employed to Iyse the cell walls—as the ¥, acetylhexosaminidase
(F, N-acetylmuramide glycanohydrolase) or the 32 enzyme from S. albus G or egg
white muramidase (V-acetylmuramide glycanohydrolase, EC 3.2.1.17, formerly known
as lysozyme)—, the phosphoemucopolysaccharide contains fragments of the glyco-
peptide, apparently covalently linked. The peptide component is released by mur-
aminyl amidase, an enzyme present in the F,B complex, which splits the amidic
linkage between a N-acetylmuramic acid residue and a peptide moiety.) It contained
no Py and less than one phosphomonocester group for Too total phosphate (as estimated
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after incubation with a Dbacterial alkaline phosphomonoesterase (orthophosphoric
monoester phosphohydrolase, EC 3.1.3.1)). However, by treatment with 1 N NaOH
at 60°, phosphomonoester groups were progressively liberated and, at completion of
the reaction (after ro h of incubation), they represented about 80% of the total
phosphate. (For this experiment the phosphomucopolysaccharide was dissolved in
TN NaOH and the tube was immersed in a water bath at 60°. Aliquots of 10 ul,
corresponding to 40 mumoles of total phosphate, were removed after various times of
incubation. The aliquots were neutralized with 10 gl of 1 N HCl and added to 20 pl
of 0.5 M Tris buffer (pH g.5) and 10 pl of alkaline phosphomonoesterase (0.4 mg/ml,
Sigma Chemical Co.). After incubation at 37° for T h (which liberated all of the
phosphomonoester groups), P; was measured.) Using paper chromatography (iso-
butyric acid—cone, NH,OH-water, 1000:40:560, v{v), the NaOH-degraded products
(previously neutralized with isobutyric acid) were separated into two components
with Rp 0.0 and 0.32, respectively.

The material with Rp 0.0 contained a small amount of organic phosphate {(about
109, of the total phosphate) and, after periodic acid oxidation, it was very reactive
with the Schiff spray!. This material was eluted from the chromatogram and freeze-
dried. Tt represented about 65% of the dry weight of the original phosphomuco-
polysaccharide. The reducing power® of T mg was equivalent to 2.4 mpmoles of glucose.,
On acid hydrolysis (3 N HCl, 100°, 2 h) it gave rise to two main compounds which
were separated by chromatography in the isobutyric acid solvent and then further
identified as glucose (Rp 0.39) and glucosamine (Rp 0.62).

The compound with Rp 0.32, obtained after NaOH degradation of the phospho-
mucopolysaccharide complex, was also eluted from the chromatogram. Tt contained
at least 60%, of the original phosphate and was identified as glycerophosphate. By
treatment with the alkialine phosphomonoesterase, 100% of the phosphate was
liberated and, by further chromatography in the isobutyric solvent, the poiyol
(Rp 0.60) was obtained. This Rp is characteristic of glycerol or anhydroribitel while
ribitol has an Rp of 0.54. This polyol was eluted from the chromatogram and was
specifically oxidized with a bacterial glycerol dehydrogenase (glycerol: NAD oxido-
reductase, EC 1.1.1.6) in presence of DPN, identifying it as glycerol. The polyol was
not oxidized by the ribitol dehydrogenase (ribitol: NAD oxidoreductase) of Aerobacter
aerogenes. Finally, the ratio of P; to glycerol, both released by the action of the alkaline
phosphomonoesterase upon the NaOH-treated phosphomucopolysaccharide, was
0.6-1. (The NaOH-degraded phosphomucopolysaccharide was incubated with alkaline
phosphomonoesterase. Then aliquots containing 20-80 mpmoles of material {measured
as phosphate) were added to 500 pl of a 0.13 M carbonate buffer (pH 10). After
obtaining the initial absorbancies, 80 pl of a reagent, containing 1 part of the solution
of glycerol dehydrogenase (Worthington Biochemical Co.), T part of T M (NH,) S0,
and z parts of 0.05 M DPN at pI 7, were added. The absorbancies of the solutions
were read at 340 mp at intervals during 30 min, at which time the reaction was
complete.)

These findings are consistent with two types of structure. The phosphomuco-
palysaccharide compound could consist of a polysaccharide of glucose and acetyl-
glucosamine with side chains of glycerophosphate attached to the polysaccharide
through the phosphate group. Such a structure would be similar to that of the specific
polysaccharide of Type-XVIII Pneumococcus®, Alternatively, a polysaccharide of
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glucose and acetylglucosamine could be linked in some manner to a second polymer,
a glycerol phosphate polymer (f.e. a teichoic acid) resembling that of Lactobacillus
caser® (but without esterified p-alanine residues). Further work will be needed to
decide between these possibilities.

We are indebted to Dr. H, J. FrouuM for a sample of ribito]l dehydrogenase of
A. aerogenes.
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Application of mass spectrometry

to methylated monosaccharides identification

The standard procedure for the structural analysis of carbohydrate biopolymers, based
on methylation, still remains tedious and wasteful, due to the lack of appropriate
methods for the identification of methylated monosaccharides. This is despite the
fact that the methylation precedure®?, and the methods for the separation of methy-
lated sugars which are produced by hydrolysis®—$, have been congiderably improved
during the last few years.

We have recently investigated the pathways of fragmentation of «-methyl-
2,3,4,6-tetra-O-methyl-nD-glucoside (I) after electron impact?. The structures of the
majority of the fragments produced were established on the basis of the mass spectra
of e-methyl{z-0-Me-2H,]-2,3,4,6-tetra-O-methyl-p-glucoside (IT), e-methyl{2,3-di-0-
Me-"H,3-2,3,4,6-tetra-0-methyl-n-glucoside (IT1), «-methyl[4,6-di-0-Me-2Hy1-2,3,4.6-
tetra-O-methyl-D-glucoside (IV) and «-methyl[6-0-Me-2H,]-2,3,4,6-tetra-O-methyl-
D-glucoside (V). The data obtained make it possible to predict the positions of the
major peaks in the mass spectra of all the other possible methyl [Me-2H,]-tetra-
O-methyl- and [di-Me-2H,)-tetra-O-methyl-glucosides*. The spectra predicted, to-
gether with the spectral data measured for -V are shown in Table I. These data
reveal that each of the compounds exhibits a unique mass spectrum, which can thus
establish, unequivocally, the position of the ~C2H, group.

* Obviously the fragmentation pattern of g-methylizri-0-Me-2I1,]-tetra-0-methyl-D-glucosides
must be essentially similar to that of methyl{O-Me-*H,]-tetra-0-methyl-p-glucosides.
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