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ABSTRACT 

An acetylated mannan was isolated from the lipopolysaccharide of Pseudomoilas 

dimimrta N.C.T.C. 8545 after mild hydrolysis with acid and chromatography of the 

water-soluble products on Sephadex G-50. Although the presence of a terminal core- 

oligosaccharide in the mannan could not be demonstrated, chromatographic and 

electrophoretic studies indicated that the mannan was a real component of the lipo- 

polysaccharide. Degradative and n.m.r. (lH and * 3C) studies showed that the mannan 
had a disaccharide repeating-unit with the following structure, in which about two 
thirds of the Csubstituted mannopyranosyl residues were acetylated. 

+4)-z-D-Manp-( 1+2)-a-D-Manp-( 1 + 

6 

OAc 

INTRODUCTION 

In the last two decades, dissatisfaction with the classification of the aerobic 
pseudomonads (as well as concern over the etiological importance of some of these 
organisms) has led to major advances in their phenotypic and genotypic characterisa- 
tion, and to the recognition of various taxonomic subgroups and relationships. One 
of the most isolated subgroups is that formed by the closely related species Pseudo- 

monas ditninuta and Pseudomonas vesicularis. Indeed, the view that the distinctive 
propertie?-’ of these species warrant their removal from the genus Psermdonzonas is 
finding increasing favour6. This view is supported by the results of studies of the 

composition of the cell envelopes from the type strains of both species’-“. The polar 
lipids of both strains are distinguished by the absence of phosphntidylethanolamine 
and by the presence of a unique range of glycolipids, while the lipid A moiety of 
both lipopolysaccharides is based on 2,3-diamino-2,3-dideoxy-D-glucose rather than 
2-amino-2-deoxy-D-glucose. All of these features differentiate P. dimimtta and P. 

vesicularis from other pseudomonads so far examined. 
Other unusual features of the lipopolysaccharide from P. dinzimrfa N.C.T.C. 
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8545 arelo the absence of phosphate and hexosamine from the core oligosaccharide 
(components identified were D-glucose, an aldoheptose, and a 3-deoxy-2-octulosonic 
acid), and the presence of a singie sugar (D-mannose) in the presumed O-specific 
polysaccharide. Structural studies of the latter material are now reported. 

RESULTS AND DISCUSSION 

During the course of this work, walls were prepared from five batches of 
P_ diminrrta grown in liquid culture. Analyses for a typical preparation were: P, 0.74; 
total carbohydrate, 7.6; protein, 49; extractable lipid, 26.7; and lipopolysaccharide, 
5.5%. Each batch of lipopolysaccharide gave analyses (P, 0.72; total carbohydrate, 
36%) closely resembling those reported previously*“. Mild hydrolysis of the lipo- 
polysaccharide with acid, followed by chromatography of the water-soluble products 
on Sephadex G-50, gave the polymeric fraction previously’o coded Dl. 

Mannose was the only neutral-sugar component of fraction Dl detected by 
paper chromatography, and essentialty the same resuIt was obtained by g.1.c. of the 
alditol acetates (no heptose derivative was detected, and a very small peak for glucitol 
hexa-acetate was found only at very high loading of the column). Calorimetric 
assays for heptose, 3-deoxy-2-octulosonic acid, and phosphorus, and an enzymic 
assay for D-glucose also gave negative results. Three different assays for the mannose 
content of fraction Dl (expressed as “anhydrohexose”) gave results in good agreement: 
phenol-sulphuric acid method, 91; g.1.c. of the alditol acetate, 92; and enzymic 
assay, 90% (as the D isomer)_ Thus, fraction Dl is essentially a mannan. However, 

the i-r. spectrum contained a peak at 1740 cm- *, indicative of an 0-acyl substituent. 
This was shown to be an 0-acetyl group by g.1.c. of a hydrolysateL3, by ‘H-n.m.r. 
spectroscopy (sharp singlet at 8 2.12 relative to external DSS), and by ‘3C-n.m.r. 
spectroscopy (sharp signals at S 174.4 and 20.7 relative to external Me,Si). The 
relevant n_m.r_ signaIs were absent from the spectra of alkali-treated Dl. The 0-acetyl 
content of Dl was determined as l-87 iLmol.mg -’ by the ferric hydroxamate methodI 

TABLE 1 

METHYLATION ANALYSIS OF FRACTION D1 

Merhylated 
sugara 

T b 

C0I1nnn a Cohnn b Cohnn c 

Detector 
response 

Primary nks. 
fragmenrs (m/z) 

2,3,4,6-Man 1.00 1.00 1.00 1.0 
3,4,6-Man 1.93 1.62 2.07 15.7 
2,3,6-Man 2.17 1.76 2.39 16.0 

117=, 161d, 205 
161, 1S9= 
117=, 233 

a2,3,4,6-Man = 2,3,4,6-tetra-0-methyl-o-mannose, etc. bRetention time for the corresponding 
alditol acetate, relative to that for 1,5-di-O-acetyI-2,3,4,6-tetra-O-methy)-D-mannitol. The m/r value 
was increased by one when NaBDA was used for reduction of the methylated sugar. dAbout half of 
the fragments had m/z 162 when N~BDA was used for reduction of the methylated sugar. 
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and as 2.06 llmol_mg-’ by a g.1.c. method I3 A molar ratio of D-mannose to O-acetyl . 

of 3 : 1 was confirmed by ‘H-n.m.r. spectroscopy (equal peak areas for anomeric 
protons and methyl protons) and by interpretation of the ‘3C-n.m.r. spectrum (see 
below). 

On periodate oxidation of both native and deacetylated Dl, all of the mannose 
was destroyed. The consumption of periodate per “anhydrohexose” residue was 1 .Ol 
mol for native Dl and 1.04 mol for deacetylated Dl. These results suggested that 

Dl was a linear mannan containing 2- and/or 4-substituted pyranosyl residues, with 
acetyl substitution at O-6_ This inference was confirmed and amplified by the results 
of methylation analysis (Table t). The results point to a disaccharide repeating-unit 
with alternate linkages through O-2 and O-4, and to a chain length of - 32 mannosyl 
residues for the polymer. 

Further evidence for a regular polymer having a disaccharide repeating-unit 
was provided by the ‘H- and ‘3C-n.m.r. spectra. The ‘H-n.m.r. spectrum of de- 
acetylated Dl contained two signals of equal intensity for anomeric protons (exact 
chemical shifts were not determined, but at 75” the signals were O.S2 and 1.20 p-p-m. 
downfield from the HOD signal). The corresponding spectrum for native Dl contained 
one sharp signal at 6 5.37 and partially resolved signals at 6 5.01 and 4.95. The 

TABLE It 

ASSIGNMENT OF SIGNALS IN THE “C-N.M.R. SPECTRA OF NATIVE AND DEACETVLATED FRACTION Dl” 

~~.__-._-~~_~_~___.~-._ _ ___ _._ 

Carbon Native DIb 
atom 

OAc 

ii 
-+4-*-Man-l-+ -tk~Marr-1-t 

C-l 102.06 100.33 
101.92 100.1 I 

99.94 
c-2 71 .os 79.06 

70.9 1 78.77 
c-3 70.17 70.49 
C-4 74.84 66.73 

74.54 
c-s 71.87 73.57 

69.34 73.38 
C-6 64.06 61.04 

61.30 6O.Sl 
-OC(O)CH3 174.43 
-OC(O)CHs 20.69 

-. --._ . . . __ _-- - - 

Deacetylatrd D I 
___ .-.. --__.--_ -_ -__ 

-+4-x-Man-l-+ +2-x-hfatr-I- 

___~._ - ._ _ __ __ __ _. 

102.06 100.05 

70.98’ 78.69 

70.15’ 70.61’ 
74.6 I 66.90 

71.86 73.83 

61.26” 61.03” 

---~ -._ 

aChemica shifts are given in p-p-m_ downfield from external Me&i. Walicised numbers indicate the 
major signals. =Assignments of these signals, and of the corresponding signals for native DI, may 
be interchanged. “Assignments of these signals, and of the corresponding signals for native Dl, 
may be interchanged. 
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Chem:car shift t&l 

Fig_ I_ l:K-N.m.r. spectrum of native Fraction Dl. The spectrum For the sample in D?O was obtained 
at 100.62 MHz and 40” with complete proton-decoupling. In addition to the signals shown, the 
spectrum contained a signal For carbonyl carbon at d 174.43 with reference to external Me&i. 

latter pair (relative areas, - 1 :2; total area equal to that for the signal at 6 5.37) 
presumably arise as a result of incomplete O-acetylation of one of the mannosyl 

residues of the repeating unit. The ‘3C-n.m.r. spectrum of deacetylated Dl (Table II) 
contained twelve discrete signals, incIuding two for anomeric carbon atoms at S 
102.06 and 100.05. As expected, the corresponding spectrum for native Dl (Fig. 1 
and Table II) was rather more complex, with fine structure for both anomeric signals. 
The downfield signal was recorded as two peaks at 6 102.06 and 101.92 (relative 
areas, - 1: I), whereas the upfield signal gave a major peak at 6 100.11 (about two- 
thirds of the total peak area) with minor peaks at 100.33 and 99-94. It seems likely 
that the peak at 8 101.92 corresponds to C-l of a 6-O-acetylated mannopyranosyl 
residue, and the peak at 6 100.11 to C- 1 of the second mannopyranosyl residue flanked 
on both sides by the acetylated residue, as this sequence should preponderate in the 
polymer_ 

Native fraction Dl had [~]n + 107” (c 1.2, water), suggesting that all residues 
were cr-o-linked. After oxidation of the peracetylated polymer for 2 h at 50” with 
chromium trioxide, 43 “/0 of the mannose residues were apparently destroyed (calcu- 
lated on the assumption that nz);o-inositol hexa-acetate, the internal standard, was 
unaffected)_ Although this result could be taken to indicate the presence of a /3 
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linkage15, the partial oxidation of acetylated sc-mannopyranosyl residues under such 
conditions is not unknown (e.g., ref. 16). ‘H-N.m.r. spectra have been used extensively 
for the characterisation and classification of mannans from yeastsr’*‘s and other 
micro-organisms. The anomeric signal at b 5.37 for Dl can be assigned to a 2-substi- 
tuted a-mannopyranosyl residue, as such residues typically give signals at ii -5-3 

(e.g., refs. 19-21). The configuration of the mannopyranosyl residue responsible 
for the anomeric signal at 8 -5-O is less obvious. However, the anomeric signal for 
a Csubstituted mannopyranosyl residue is expected to be at higher field than that 
for a 2-substituted residue, and for a /I linkage the signal should be at higher field 
than 6 5.0 (ref. 17). 

Further evidence about the configurations of the glycosidic bonds was ob- 
tained from the r3C-n.m.r. spectra. Although shift data for the anomeric carbon 

atoms of mannopyranosides are unreliable for the assignment of configuration, the 
value of the one-bond, anomeric, r3C--‘H coupling-constant can be used for this 
purpose22*23. The ‘Jc,, value was 172.6 Hz for both anomeric signals in the proton- 
coupled spectrum for deacetylated DI, and similar values were obtained for native DI. 

Thus, both mannopyranosyl residues in the repeatin, = unit have the ‘I configuration_ 
As a final check, polymeric and oligomeric sub-fractions obtained by partial hydrolysis 
of deacetylated DI with acid were treated with %-D-mannosidase. Mannose was 
released from both sub-fractions, and the hydrolysis of the oligomeric material at 
least seemed to be complete. 

+4)-cc-D-Manp-( 1+2)-cc-D-Manp-( I-+ 
1 

Confirmation of structure 1 for the disaccharide repeating-unit and evidence 
for the location of the 0-acetyl substituent were provided by the ‘3C-n.m.r. spectra. 
The assignments of signals in the spectrum for deacetylated DI (Table II) were made 
with the aid of literature data’0s’3-‘S-27 for z-linked mannopyranosides and man- 
nans, and O-methyl derivatives thereof. Apart from having a complex fine-structure. 
the spectrum for native Dl contained two distinct, additional, major signals at B 69.34 
and 64.06. In the proton-coupled spectrum, the latter signal was replaced by a triplet, 
which confirmed its attribution to a hydroxymethyl carbon. The downfield shift of 
-3 p-p-m_ is the expected consequence of 0-acetylation. An upfield shift of similar 
magnitude would also be expected for the adjacent C-5 signal, and a comparison of 
the two proton-decoupled spectra shows that the disappearance of the signal at 
S 69.34 on deacetylation is matched by a major increase in the signal at S 71.56 
(this signal was at S 71.87 for native Dl). As the signal at 6 71.86 can be assigned to 
C-5 of the 4-substituted mannopyranosyl residue, it follows that about two-thirds 
of these residues in native Dl carry a 6-O-acetyl substituent. This conclusion is 
supported by the inference (vi& srrpr-a) that the anomeric signal at 5 - 102, which 
should be derived from the 4-substituted residue2’*26, corresponds to C-l of the 
0-acetylated sugar. 

Because there was little or no evidence for the presence of a core oligosaccharide 
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in fraction Dl, its identification as an O-specific side-chain of the lipopolysaccharide 
was dubious. Attempts were therefore made to determine whether Dl was an actual 

component or a contaminant of the lipopolysaccharide. Initially, the lipopoly- 
saccharide and the water-soluble products of mild hydrolysis with acid [fractions 

Dl and D2 (the partially degraded, core oligosaccharide)] were examined by chro- 
matography on Sephadex G-100 in the presence of sodium dodecyl sulphate. Fraction 

Dl was eluted as a rather broad, tailing peak (tubes 21-30, maximum in tubes 23 
and 24), and D2 as a sharper, symmetrical peak (tubes 62-68, maximum in tube 65). 
In contrast, the parent lipopolysaccharide gave two sharp peaks for carbohydrate. 
The major peak (tubes 21-25) had a maximum (tube 22) which corresponded to the 
void volume of the column. The material in the much smaller carbohydrate peak 

(tubes 27-31, maximum in tube 29) contained most or all of the phosphorus applied 
to the column_ Considered in isolation, the results for the lipopolysaccharide could 
be interpreted either as evidence for a mixture of S- and R-form molecules with the 
latter preponderating (indicated by the phosphorus distribution), or as evidence for 
an R-form lipopolysaccharide contaminated by a polysaccharide of higher molecular 
weight. In turn, Dl (which is clearly not present as such in the lipopolysaccharide) 
could be regarded either as a degradation product of an S-form lipopolysaccharide 
or as a result of partial depolymerisation of a polysaccharide contaminant. 

In an effort to differentiate between these two possibilities, the water-soluble 
products from hydrazinolysis of the lipopolysaccharide were also examined by gel- 
permeation chromatography (without sodium dodecyl sulphate). The major carbo- 
hydrate fraction, which was excluded by Sephadex G-50, still contained phosphorus 
and NH groups, both of which appear to be markers for lipid A”*“. After mild 

hydrolysis of this material with acid, followed by re-chromatography on Sephadex 
G-50, the product of high mo!ecuIar weight lacked phosphorus, and was apparently 

equivalent to fraction Dl. 

As a final attempt to determine the origin of fraction D 1, samples were examined 
by electrophoresis on polyacrylamide gels in the presence of sodium dodecyl sulphate. 
On discontinuous gel-electrophoresis, Dl remained at the top of the stacking gel. 
No band in this position was found for the parent lipopolysaccharide, but a major 
band of periodate-Schiff-reactive material was present in the upper part of the 
separating gel, as expected for an S-form lipopolysaccharide. Thus, it appears that, 
in the lipopolysaccharide, Dl is attached to a hydrophobic residue capable of binding 
sodium dodecyl sulphate. Although lipid A is the obvious candidate for such a 

residue, the use of isolated “cell walls” for the extraction of the lipopolysaccharide 
does not completely eliminate the possibility of a membrane-associated, hydrophobic 
carrier-molecule’s_ If Dl is indeed of membrane origin, this would explain the 
absence of a core oligosaccharide. Whatever its precise significance, the size hetero- 
geneity of D 1 indicated by its elution profile on Sephadex G-100 would be comparable 
with that found for the O-specific fractions of other bacterial lipopolysaccharides2g-3’. 
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-+4)-r-D-Manp-( l-+2)-cc-D-Manp-( 1 -+ 

6 

OAc 

2 

Although mannans are relatively common in micro-organisms, structure 2, 
proposed for the repeating unit of D 1, appears to be unique. Linear z-linked mannans 
with different repeating-units occur as the O-specific side-chains in lipopolysaccharidcs 
from Klebsiefla 0 groups 3 (ref. 32) and 5 (ref. 33), Escl~erichia coli 0 groups S 
(ref. 34) and 9 (ref. 35), and a S~v~ecllococclrs strain 3 6 Uncharacterised mannans are _ 

also present in lipopolysaccharides from Acetobactet- sylittrrrn3 7 and Pselrdornonas 

cepacia (S. G. Wilkinson, unpublished results), while mannose-rich repeating-units 

are found in the 0-specitic side-chains of lipopolysaccharides from &rlt?lonelk<t group 
C, (ref. 38), a Citt-obacter strain3’, and Thiocapsa r-oseoper-sicirla40. a-Linked mannans 
are also present in the architecturally diverse “lipopolysaccharides” from Micr-o- 

coccus hrtetrs”, Themzoplasma acidopltihan4’, M$zobacteriw~ st~~egrnatis’7, and 

Strep tonlyces gr-iseid3. 

EXPERIMENTAL 

General methods_ - Concentrations were performed under reduced pressure 
at bath temperatures below 40 O_ G.1.c. was performed with a Pye Series 104 chromato- 

graph coupled to a Supergrator-2 integrator (Columbia Scientific Instruments). 
Glass columns packed with the following stationary phases were used: cr, 3 7; of 
ECNSS-M on Gas Chrom Q (1.6 m x 2 mm); b, lo’;/, of OS-138 and 1 ‘x of Adpct 
80 on Chromosorb W (!.5 m x 3 mm); and c, 3 y0 of Silar 1Oc on Gas Chrom Q 

(1.6 m x 2 mm)_ For g.l.c_-m-s. of partially methylated alditol acetates, column ( 

was used at 160’ in conjunction with an LKB mass spectrometer (model 2091). 

Paper chromatography was performed on Whatman No. 1 paper with the upper 
phase of ethyl acetate-pyridine-water (5 : _ . 3 - 5). Detection reagents used were alkaline 
silver nitrate and aniline hydrogenoxalate. Gel-permeation chromatography of the 
water-soluble products from the mild, acid hydrolysis or the hydrazinolysis of lipo- 
polysaccharide was performed on a column (40 x 2.5 cm) of Sephadex G-50 by 
elution with pyridine-acetic acid-water (10 :4:986; pH 5.4). Fractions (-4 ml) were 
collected at a flow rate of LO-20 ml-h-‘, and were analysed for carbohydrates”, 

phosphorus45, or NH groups46, as appropriate_ The same buffer was used for the 

purification of fraction D2 on a column (52 x 1.5 cm) of Sephadex G-10 (flow rate, 
5 ml-h-‘; fraction size, -2 ml), and for the separation of products in a partial, 
acid hydrolysate of fraction Dl on a column (79 x 1.5 cm) of Sephadex G-15 (flow 
rate, 10 ml.h- ‘; fraction size, -2 ml)_ 

The lipopolysaccharide and the derived fractions D 1 and D2 were also subjected 

to chromatography on a column (87 x 1.5 cm) of Sephadex G-100 by elution with 
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0.12~ Tris hydrochloride buffer (pH 6.1) containing sodium dodecyl sulphate (1 “/,). 
Fractions (- 2 ml) were collected at a flow rate of 5 ml-h-‘. Electrophoresis of the 
lipopolysaccharide and Dl in the presence of sodium dodecyl sulphate (0.1%) was 
carried out on separating rod gels of polyacrylamide (10 %), as described by Laemm- 
Ii”‘; bands were detected by usin, = the periodate-Schiff reagents_ 

The optical rotation of fraction Dl was determined with a Bendix polarimeter 
(model I43A), and its i-r. spectrum was recorded with a Unicam SP200 spectrophoto- 
meter. N_m.r_ spectra (13C and ‘H) for deacetylated Dl were obtained (by Dr. I. H. 
Sadler, Department of Chemistry, University of Edinburgh) with a Bruker WH-360 
spectrometer_ The sample was freeze-dried three times from DzO and spectra were 
recorded for a solution in DzO. The ‘H spectrum was obtained at 78”, and chemical 
shifts for anomeric protons were referenced to the HOD signal. 13C Spectra were 
obtained at 40” with complete proton-decoupling and with gated decoupling, and 
chemical shifts were referenced to external tetramethylsilane. N.m.r. spectra for 

native Dl were similarly obtained (by Dr. B. E. Mann, Department of Chemistry, 
University of Sheffield), but with a Bruker WH-400 spectrometer_ The ‘H spectrum 
was recorded at 85” with sodium 4,4-dimethyl-4-silapentane-1-sulphonate (DSS) as 
the external standard_ 

1Cferhoci.5 of yrmntitatiL-e analwis. - Standard calorimetric methods were used 
for the determination of phosphorus”‘, total carbohydrate45, 3-deoxy-2-octulosonic 

acidas, aldoheptosesg, and O-acetyl groups’& (u-D-glucopyranose penta-acetate was 
used as the standard). Total acetyl groups were determined by using g.1.c.“. Protein 
was estimated by autoanalysis of amino acids (Locarte bench analyser) after hydro- 
lysis of the sample with 6_1~f hydrochloric acid at 105” for 16 11 under nitrogen. D- 

Glucose was determined by the use of hexokinase (EC 2.7.1.1) and D-glucose 6- 
phosphate dehydrogenase (EC 1.1.1.49), after hydrolysis of the samples with 2b1 

hydrochloric acid at 105” for 2 h and neutralisation of the hydrolysates with Dowex 1 
(HCO;) resin. D-Mannose was determined by using the above enzymes with D- 

glucose phosphate isomerase (EC 5.3.1.9) and D-mannose phosphate isomerase 
(EC LL3.1.8). All enzymes were obtained from Boehringer und Soehne G_m.b.H. 
Monosaccharides were also determined by g.1.c. of the alditol acetates on column c 
at 190” with nzro-inositol hexa-acetate as the internal standard. 

Growth of bacteria and isolation of lipopolysaccharide_ - Cells of P. diminuta 

N_C.T_C. 8545 were grown at 30” for 24 h in Nutrient Broth No. 2 (Oxoid) with 
aeration at 20 l.min- r. Cell walls were prepared, and the readily extractable lipids 

and the lipopolysaccharide were isolated, as described previously”. 
&h-Id Izydrolysis of lipopolysaccharide with acid. - Lipopolysaccharide (- 10 

mg.ml-I) was heated with 1 o/0 acetic acid at 100” for 2 h. As lipid A was slow to 
aggregate, the total hydrolysate was freeze-dried and then dispersed in deionised 
water. Aclear, supernatant solution was obtained by centrifugation of the suspension at 
10,000 r-p-m. for 15 min. The pellet was washed twice, and the combined solutions 

were freeze-dried_ The fraction (Dl) of high molecular weight was obtained by 
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chromatography of the products on Sephadex G-50. The oligosaccharide fraction 
(D2) was purified by re-chromatography on Sephadex G-IO. 

Hydrarizzolysis of iipopolysacclzar-icle. - Lipopolysaccharide (50 mg) was 
heated with anhydrous hydrazine (2 ml) at 100” for 10 h. After being dried i/z raczzo 

over PzO, and cont. H2SOS, the products were distributed between chloroform and 
water. The aqueous phase was adjusted to pH -7 with 0.la1 hydrochloric acid and 
freeze-dried. The residue was fractionated by chromatography on Sephadex G-50. 
The product of high molecular weight was subsequently subjected to mild hydrolysis 
with acid and further chromatography on Sephadex G-50, as described for the lipo- 

polysaccharide. 
Deacetylation offaction DI. - The sample (50 mg) was treated overnight at 

room temperature with O.lhr sodium hydroxide. The hydrolysate was passed down 
a column of Dowex 50 (Hf) resin, and the eluate was freeze-dried. 

Degradative stzrdies ofji-action DI. - Methylation analysis was performed by 

standard procedures”. Partially methylated alditol acetates [with or without deu- 
terium-labelling at C-l) were analysed by g.1.c. on column a at ISO”, column b at 
1 SO O, and column c at 160 O, and by means of g.l.c.-m-s. Peracetylation of D 1 (IO mg) 
and oxidation of the product with chromium trioxide (at 50” for 2 11) were performed 
as described by Lindberg and Lijnngren’l. The oxidation of samples (3-5 mg) of 
Dl (native and deacetylated) with 50mhr sodium periodate was carried out at 4” 

for 48 11. The consumption of periodate, monitored by the method of Avigad5’, was 
complete within 24 h. Partial hydrolysis of deacetylated Dl was effected with 0.5h1 
hydrochloric acid at 100” for 20 min. After neutralisation, deionisation, and freeze- 
drying, the hydrolysate was fractionated on Sephadex G-15. Two separate fractions. 
corresponding to (a) di- to tetra-saccharides and (b) higher oligosaccharides, were 
collected and treated with a-D-mannosidase (EC 3.2.1.24) from jack bean (Boehringer) 
at 37” for 24 11. The contents of the fractions and the effects of the enzyme treatment 
were determined by paper chromatography. 
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