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ABSTRACT 

Lipopolysaccharide was extracted from defatted cell-walls of Pseudo~na~ 
~~~Ztop/l~Zi~ N.C.I.B. 9204. The major fatty acid components were 9-methyldecanoic 
acid, 2-hydroxy-9-methyldecanoic acid, 3-hydroxy-9-methyldecanoic acid, 3-hydroxy- 
dodecanoic acid, and 3-hydroxy-l l -methyldodecanoic acid. h4onosaccharide compo- 
nents of the phosphorylated core-oligosaccharide were D-glucose, D-mannose, D- 

galacturonic acid, Z-amino-2-deoxyglucose, and a 3-deoxyoctulosonic acid. The 
putative O-specific polysaccharide was composed mainly of 2-amino-2-deoxy-o- 
glucose, D-arabinose, and 6-deoxy-L-talose, but also contained an 0-acetyl group and 
small proportions of rhamnose and 4-deoxy-3-~-ntethyltalose. Degradative and 
n.m.r. (‘H and 13C) studies showed that the polymer had a branched trisaccharide 
repeating-unit with the following structure; the U-acetyl group was tentatively 
assigned to C-2 of the 6deoxytalopyranosyl residue. 
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INTRODUCTION 

Pseudomonas rnai~op~~~lia, as an opportunist pathogen, commands the attention 
of clinical microbiologists’ - 3 and, as a very distinctive pseudomonad, attracts the 
interest of bacterial taxonomists4- 6. Our studies 718 of the lipopolysaccharide from 

the type strain of the species (N.C.T.C, 10257) have revealed several structural 
features shared with lipopolysaccharides from some Xunthomonas species, supple- 
menting the diverse evidence for a special relationship between these organisms4’9. 
In order to reinforce this inference, we have analysed the lipopolysaccharide from a 
second strain of P. rnultop~z~lj~ (N.C.I.B. 9204). .This strain was selected as a result 
of a preliminary survey”, which suggested the presence in the lipopolysaccharide of 
an unusual neutral sugar, here identified as 6-deoxy-L-talose. 
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TABLE I 

CA’rTY ACID COMPOSI1‘ION OF THI: LII’OPOI.YSA(‘CH4KII)E” 

lo:o 1.3 1.3 
I-I I :o 149 14.1 
la-i-l I : 1 0 0.3 

_ I’-i-l 1 : 1 7,s I I 
. I,:-12 : I u 1.9 
I s-i-13:1 0 2.4 
I’-I?:1 3.1 2.2 

_J’-1-13: 1 1.5 -. 77 
I-15 :o 0.4 0.3 

2-OH-i-11:0 6.3 6.4 
3-OH-IO:0 I .o 0.5 
3-OH-i-11 :0 13.0 13.2 
3-OH-I I :0 2.8 I.1 
3-OH-i-12 ;O 1.4 1 h 
3-OH-l?:0 16.1 16.1 
3-OH-l-13 :0 11.5 ‘9.6 
Unidentified acids 4.x i? _ ._ 

[‘Determined by g.1.c. of the methyl esters after hydrolysis at IO for 5 h ~tndcr nitrogen v,lth 4~ 
HCI or KOH. Result5 are given as percentages of the total peal\ drtx. “Shorthand &&nation\ 
I.‘-l-1 I : 1 9-methyldec-3-enc~ic acid, 3-OH-i-1 I :0 3-hydroxy-%ncth> Idecano~c .ICI~. C/C’ 

RESULTS AND DISC’L’SSION 

Lipopolysaccharide was obtained from isolated cell-walls in modest yield 

(average for five batches, I1 “,,). Typical analyses were tcM carbohydrate, 33”” 

(determined as glucose: by the phenokulphuric acid method). and phosphorus. ?A”,,. 

The lipopolysaccharidc contained a Sdeoxyoctulosonic acid (0.4 ‘I,, by the thio- 

barbituric acid method,), I>-galacturonic acid (kirk il]J~), and 7-amino-‘-dco,uy-u- 

glucose (u-glucosamine) ( 16 I’,,). but no galactosw~ine cjr aldohcyfosc. The fatty 

acid composition is given in Table I. Neutral sugar components and thetr approximate 

proportions (as indicated by relative peak areas in g.1.c. of the nlci~tal acetates) wrt’ 

arabinose (100). Compound X (< 76), glucose (38,A mannose (36). ribobe (1). 

Compound Y (3). and rhamnose (integrated with C:ompound S). Glucose and 

mannose were shown to bc the D isomcr~ by means of enzymx alsays. and arabinosc 

was identified as the D isomer by the [%Ir, value of 99 ((, 0.3. ttater): ht. 105 . 
Compound X had high mobilities (c.,q.. RRha J .2. solvent -1 ) m p.c.$ similar 

to those of 3-O-methylxyl~xc. However, it gave a yellow bro\\n coiour u ith aniline 

hydrogenoaalate (and white fluorcsccncc under U.V. light) and was recovcrcd un- 

changed after attempted I)-demethylation. Its alditot acetate had a s.1.c. retention 

time (0.63 relative to arabinitol penta-acetate on column II clightly preater than that 

of rhammtol penta-acetate, but an identical mass spectrum (primary fragments at 



LIPOPOLYSACCHARIDES FROM P. maltophih 243 

rtt/z 303, 290, 23 I, 218, 159, and. 146 for the product having a deuterium label at C-l, 
and at m/z 318 [M - 591). Paper chromatography (solvent C) and paper electro- 
phoresis (buffer III), using rhamnose, fucose, and quinovose as reference 6-deoxy- 
hexoses, indicated’ * that Compound X was 6-deoxytalose. Chromatographic and 
electrophoretic comparisons with synthetic 6-deoxy-r_-talose confirmed this diagnosis. 
The L configuration of the sugar from P. maltophilia was indicated by the direction 
(laevo) of optical rotation (for 6-deoxy-L-talose, [~]n is -2O”), and was confirmed 
by g.1.c. of the acetylated act-2-yl glycosides’*. 

Compound Y had even greater mobilities in p.c. (e.g., RR,_ 1.4, solvent A) 
than compound X, but gave similar colour reactions with aniline hydrogenoxalate. 
Its alditol acetate had a g.1.c. retention time of 0.50, and a mass spectrum (primary 
fragments at m/z 203 and 190 for the product having a deuterium label at C-l) 

which indicated that Compound Y was a 6-deoxy-3-~-methylllexose. Its identification 
as 6-deoxy-3-O-methyltalose (acovenose) was based on comparisons with the reference 
compound by p.c. (solvents A and C), paper electrophoresis (buffer III), g.1.c. of the 
alditol acetate (column I), and ~-deInethyIation followed by p.c. and electrophoresis 
of the 6-deoxytalose produced. The very small amount of Compound Y available 
prevented a conclusive assignment of its configuration, but the sugar seemed to be 
laevorotatory, indicating” it to be L. 

Hydrolysis of the lipopolysaccharide with 1 “/I aqueous acetic acid at 100” 
for 1.5 h, followed by cent~fugation of the hydrolysate, gave insoluble lipid A, and 
water-soluble products (yield, 60-70x) which were fractionated by chromatography 
on Sephadex. Fraction I, the putative side-chain polysaccharide, was obtained in a 
yield of 30-40 ‘;/d (based on lipopolysaccharide) by using Sephadex G-50. Fraction II, 
the partly degraded core-oligosaccharide, was separated from hydrolytic fragments 
(Fractions 111 and IV) by using Sephadex G-l 5 (Fig. 1). Fraction III contained most 
of the Pi, a little ethanolamine phosphate (identified by paper electrophoresis in 
buffer system I and hydrolysis by alkaline phosphatase), 3-deoxyoctulosonic acid, 
and galacturonic acia. The two sugar acids were isolated and then separated by 
preparative paper electrophoresis (buffers I and II, respectively). The identity of the 
hexuronic acid was confirmed by p.c. (solvents D and E) and by reduction to galactose. 
Identical results were obtained when the galactose was determined enzymically and 
by the phenol-sulphuric acid method, showing that the uranic acid was o-galacturonic 
acid. Fraction IV contained some P,, arabinose, and an unidentified neutral compound 
which reduced alkaline silver nitrate and gave a yellow colour with aniline hydrogen- 
oxalate (RGlo 0.75, solvent A). No products were detected when an acid hydrolysate 
of the compound was examined by p.c. (the parent compound was absent from the 
hydrolysate), nor when the compound was reduced, acetylated, and then examined 
by g.1.c. The same compound is apparently formed or released when the lipopoly- 
saccharide from P. ~za~top~ilja N.C.T.C. 10257 is subjected to a comparable, mild 
hydrolysis’ with acid. Fraction II from P. maltophilia N.C.I.B. 9204 contained D- 

glucose, D-mannose, u-galacturonic acid, glucosamine, a 3-deoxyoctulosonic acid, 



Fig. I. Separation of the partly &graded core-oiiSosacchancie (Fractwn II) from hydrolytic frag- 

ments (Fractions 111 and 1V). After hydroly~l~ of the llpopoiysdccharide with I”,, acetic auti at 100 
for I .5 h, lipid A was isolated bq centrifugation and the putative O-specific polysaccharldc by chroma- 

tography on Sephadex G-50. The wlutcs of low molecular weight v,ere eluted from a column ($4 

I.5 cm) ofsephadex G-l 5 \r~th aq~wn~~~ pyrlcllnc-ocettc acid bufkr (pf-l 5.1) dt a llw, rutcof5 ml. h- i 
Fractions (1 mL) were analysxi for total carbohydrate b> the 17hc17(11--‘;IIIPhl~r~~ ;t~td methtxi (:I W/~ 

and phosphorus. The results of structurai studies of this ~i~(~s~~lo~.~latc~~ oiipcs- 

saccharide will be published elsewhere. 

The major components of the polymeric Fraction I. [_x;LllLl I I (( 1.8, \vater): 

were D-arabinoso, h-dcoxy-I.-talose. and v-glucosamine. Quantitatj\c data are given 

in Table II. Because of an unexpected result obtained during methylrtfion nnalysis 

of Fraction I, special cxc \sx taken over iclwtitication of the hc\txtruinf. The 

compound from Fraction I was indistin~uis~l~Lb~c from gfucosaminc by p.c. (si)lvent 

TABLE II 

u-Arabinose 
6-Deoxy-r-take 
rXilucosamme 
Rhamnose 
hlannose 
Glucose 
Acovenose 
Ribose 

Phosphorus 0.36 
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E‘), paper electrophoresis (buffer I), cation-exchange chrolnatograpllyi3, autoanalysis 
(continuous elution with citrate buffer having pH 5.28, or stepwise elution with citrate 
buffers having pH 3.25, 4.25, and 6.65), and g.1.c. of the alditol acetate (column TI). 
As expected, reactivity in the Elson-Morgan assay was insignificant when the treat- 
ment with alkaline pentane-2,4-dione was carried out at 0” (ref. 14). Degradation 
of the hexosamine with ninhydrin gave arabinose (identified by p.c. and by g.1.c. 
of the alditoi acetate), and deamination gave 2,Sanhydromannose (identified by p.c. 
of the anhydroalditol and g.1.c. of its tetra-acetate). The [~]n value of the hydro- 
chloride, isolated by cation-exchange chromatographyB3, was +70.5’ (c 1.5, water; 
based on the Elson-Morgan assayi4); lit. +72.5” for n-glucosamine hydrochloride. 

The analytical data for Fraction I (Tabie II) are indicative of a trisaccharide 

repeating-Unix while the small proportions of phosphorus, glucose, and mannose 
are consistent with the presence of a t~rrn~n~l cord-OIigosa~~l~aride. The signi~cance 
of the other minor con~ponents (consistent in all five batches of lipopolysaccharide) 
is more problematic. Although contamination of the side-chain polysaccharide is an 
obvious explanation, one of the sugars (rhamnose or acovenose?) could be present 
as a modified, terminal repeating-unit. 

The presence in the polysaccharide of equal amounts of O-acetyl and N-acetyl 
groups was evident from the i.r. spectrum (bands at 1740, 1660, and 1550 cm-‘), 
the ‘H-n.m.r. spectrum (singlets at 6 2.15 and 2.06, each 3 H), and the 13C-n.m.r. 
spectrum (signals at 6 174.78, 173.06, 22.85, and 20.85). In the n.m.r. spectra for 
the alkali-treated polysaccharide, the corresponding signals at 6 2.05 (‘H), 174.70, 
and 22.67 (13C) could be attributed to the Sacetyl group. The ratio of total acetyl 
(by g.1.c.) to O-acetyl (by the ferric hydroxamate assay) was 2.16 : 1, essentially in 
agreement with the spectroscopic data. 

Other signals in the IH-n.m.r. spectrum of native Fraction I included a 3- 
proton doublet (J 6.4 Hz) at 6 1.25, corresponding to the methyl group of 6-deoxy- 
talose, and four l-proton signals in the anomeric region at 6 4.74 (J1,2 -8 Hz), 
4.96, 5.00, and 5.05 (all low ivalues). O-Deacetylated Fraction I gave three anomeric 
signals at S 4.74 (.J1,2 (V 8 Hz), 4.97, and 5.06, indicating that the signal lost could be 
attributed to the proton attached to the acetoxylated carbon. As other studies (vi& 
&f&) showed that the arabinose is present as a furanosyl group, the signal at 6 4.74 
must correspond to the anomeric proton of a 2-acetanlido-2-deoxy-~-~-glucopyrano- 
syl residue. A trisaccharide repeating-unit for Fraction I was also confirmed by the 
‘3C-n.m.r. spectra; signals for anomeric carbons were found at 6 107.83, 100.86, 
and 99.19, of which that at lowest field can be attributed to C-l of an a+arabino- 
furanosyl residuei5-1”. For O-deacetylated Fraction I, the anomeric signals occurred 
at 6 107.75 (lJ,n 173.9 Hz), 101.71 (‘Jcn 169.2 Hz), and 99.87 (‘Jcn 165.5 Hz). 
Selective 7 heteronuclear 13Cc1H) irradiation at S 4.74 confirmed that the 13C-signal 
at 6 99.87 was due to C-l of the Z-acetamido-2-deoxy-~-~-glucopyranosyl residue, 
and indicated therefore that the signal at 6 101.71 was due to C-l of a 6-deoxy-a-L- 
taIopyranosy1 residue (assuming the ‘C, conforlnatioll). During oxidation of the 
peracetylated polysaccharide with chromium trioxide, destruction of all three major 
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ff-D-Arof 

residues was -4: 1. Structure 1 can therefore be assigned to the repeating unit of 
0-deacetylated Fraction I. 

The results of periodate oxidation of Fraction I, together with a signal at 
6 61.44 in the 13C-n.m.r. spectrum (which must correspond to unsubstituted C-5 
of arabinose), showed that the arabinofuranosyl groups were not 0-acetylated. Also, 
if C-4 of the N-acetylglucosaminyl residue (the only position available) had been 
acetoxylated, the signal at 6 5.00 in the lH-n.m.r. spectrum would have shown measur- 
able splitting because of the rvatzs-diaxial relationship of H-4 to H-3 and H-5. Thus, 
possible sites for the 0-acetyl group were limited to the axial hydroxyl groups at 
C-2 and C-4 of the 6-deoxytalopyranosyl residue. 

In order to distinguish between these possibilities, more-detailed analysis of 
the ‘3C-n.m.r. spectra was attempted. The assignment of signals to the carbon atoms 
of the unsubstituted arabinofutanosyl group (Table III) was facilitated by their 
prominence (e.g., Fig. 2 for 0-deacetylated Fraction I), their insensitivity to O- 

deacetylation, and the use of literature data’ 5 - ’ ‘. Readily identified signals for th.e 
/?-N-acetylglucosaminyl residue in the 0-deacetylated polymer were those at 6 55.60 
(C-2), 66.04 (C-6; a triplet in the proton-coupled spectrum), and 8 1.35 (O-glycosyl- 

TABLE III 

ASSIGNMENTOFSIGNALSINTHE~~C-N.M.R.SPECTRAOFFRAC~ONIAND O-DEA~ETYLATEDFRA~TI~NI* 

C-l 
c-2 
c-3 
c-4 
C-5 
C-6 
-NHCOCHa 
-NHCOCHa 
-0COCHa 
-0COCHa 

99.87 (100.91)” 
55.60 (55.38) 
81.35 (81.96) 
70.21C (69.89)d 
74.33e (74.18)f 
66.04 (65.77) 

174.70 (174.78) 
22.67 (22.85) 

101.71 (99.19)b 107.75 (107.82) 
69.86” (69.OW 81.13 (81.05) 
74.50’ (74.44)1 76.72 (16.78) 
68.288 (67.9W‘ 84.02 (83.96) 
67.799 (67.26jh 61.43 (61.44) 
15.54 (15.31) 

(173.06) 
(20.85) 

aChemica shifts are given in p.p.m. downfield from external tetramethylsilane. Values in parentheses 
are those for the native Fraction I. b-&Pairs of signals for which the assignments may be interchanged 
within each pair. 
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of the core oligosaccharide8 from strain N.C.T.C. 10257, e.g., the presence of acid- 

labile D-galacturonic acid residues and of phosphorylated D-mannose, and the absence 

of an aldoheptose, also seem to apply to the core oligosaccharide from strain N.C.I.B. 

9204. One point of difference between the oligosaccharides is the presence of glucos- 

amine in the latter but galactosamine in the former. As yet there are insufficient data 

about the O-specific polysaccharides from P. maItophi/ia for any general features to 

be identified, although rhamnose is a major component for some strains7’8P2g and 

for many lipopolysaccharides from Xantimmmzs species3 ‘J ‘. The polysaccharide 

from P. maltophilia N.C.I.B. 9204 is exceptional in that two of its monosaccharide 

components, D-arabinose and 6-deoxy-L-talose, are rarely found in bacterial poly- 

saccharides, although both have been identified as components of mycobacterial 

products . 32-34 Other sources of 6-deoxytalose are the cell wall of Actinomyces 

bovis35, the cell wall of Streptococcus bovis”6, a lipopolysaccharide from Escherichia 

coli3’ (the L isomer in each case), a lipopolysaccharide from Rhodopseudomonas 
palustris3 8, the capsular polysaccharide from an unidentified Gram-negative organ- 

ism3’ (the D isomer in each case), and polysaccharides from Actinomyces viscos~s~~ 
and Gardnerella vaginalis (unidentified isomer). In several of these polysaccharides, 

the 6-deoxyhexose is accompanied by its 3-methyl ether (acovenose), as in the case 

of the lipopolysaccharide from P. maltophilia N.C.I.B. 9204. 

EXPERIMENTAL 

Growth of bacteria, and isolation and fractionation of lipopolysaccharide. - 

Batch cultures of P. maltophilia N.C.I.B. 9204 were grown in Nutrient Broth No. 2 

(Oxoid, 20 L) for 16 h or 24 h at 37” with aeration at 20 L.min-‘. Lipopolysaccharide 

was extracted from defatted cell-walls by the aqueous phenol method’. The water- 

soluble products obtained by hydrolysis of the lipopolysaccharide with 1% aqueous 

acetic acid at 100” for 1.5 h were fractionated by chromatography7*8 on columns of 

Sephadex G-50 and G-15. 

Chromatographic and electrophoretic methods. - The following solvent systems 

were used for p.c.: A, the upper phase of ethyl acetateepyridine-water (5 :2 : 5); 

B, the upper phase of ethyl acetate-acetic acid-water (3 : 1: 3); C, toluene-butan-l-01 

(1 : 2) saturated with water; D, acetone-ethanol-propan-2-ol-0.05M sodium tetra- 

borate (pH 10) (3 : 1 : 1 : 2); and E, ethyl acetate-pyridine-water-acetic acid (5 : 5 : 3 : 1). 

The following buffer systems were used for paper electrophoresis: I, pyridine-acetic 

acid-water (5 : 2 : 43, pH 5.3); II, pyridine-acetic acid-water (1: 10 : 89) adjusted to 

pH 2.7 with formic acid; and III, 0.05~ sodium tetraborate adjusted to pH 10.4. 

Detection was effected with alkaline silver nitrate, aniline hydrogenoxalate, the 

periodate-Schiff reagents, the Warren reagents, ninhydrin, the Hanes-Isherwood 

reagent (all used in previous studies7*8), vanillin-perchloric acid42, p-aminohippuric 

acid-phthalic acidll, and p-anisidine-hydrochloric acid43. T.1.c. on Silica gel G 

(Merck), with dichloromethane as the solvent and iodine as the detection reagent, 

was used for the separation of hydroxy from non-hydroxy fatty acid methyl esters. 
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For g.1.c.. glass columns of the sizes indicated \vcre pached ~5 itI1 the foll~~~~ ins 

stationary phases: I, 3 ‘li, of ECNSS-M on Gas C’lzrom Q ( I .6 m x _7 IIIW ): If, .3 ",, 

of OV-225 on Gas Chrom Q (0.X III z 1 mm 1: II I, IO ‘I<, of OS- IiS and I ‘I<, of .4dpet 

80 on Chrornosorb W ( I .5 III s 3 mm): IV, 3 “,, of Silar IOc on Ciao (‘hrom Q (I 6 ~11 v 

2 mm): V. 7”,, ofOV-17 on Gas Chrom Q (1.X m v .? mm). VI. !O",, c~l‘dr(etliylenc 

glycol) succinate on (‘hromosorh W;A H (3.X m * 2 IllIll). C‘i~lumn \'II ?\';I\ ;t 

W.C.O.T. glass column (31) tn x 0.3 mm) or SP-1000. 

,llcthntl.5 of’ ~J~i~mtit~tiw rniul~~~.vi~. C~~lorimetrlc mcthod~ used to determine 

total phosphoru>, total carbohydrate, alciopentose. aldohrptose, m1tl i-cicou~wtLll~l- 

sonic acid. as well as rnzym~c methods for the determination ofr)-gl~~cohc. D-manno~c. 

and o-galactnse. bwe thaw listed previnusly’xx Neutral monc~sacctin~-ides. reltxsed 

by hydrolysis of samples with M Hc’l at 105 for 4 h. wcrc;‘ also clctermincd h\ g.1.c. 

of the nlditol ncetate~ (colt~mns I or IV). Standxd mixtures of S~I~;W suhjcmd to 

the c;ame acid treatment MU-C used for a11 calibrations (response facto3 k Jctermincd 

for rhamnose were used fc,r the dctcrmination of h-deo\ytalose ). .4m1no sugars, 

released by hydrolysis of samples with 6. I~I HCI at 105 ’ for 4 h under nitrogen. were 

determined by autoanalysis (Locarte bench annlyser) Gluco\aminc \\ ;L:, also Jctcr- 

mined by \ariations*J.J” of the Elson~ Morgan astay. t‘att): acid compo\ltion N;L\ 

determined by g.1.c. (column VJ ) of the methyl esters. prepared using dlart-rmethanc. 

after hydrolysis of the Ilpc~polysaccllarl~ie at 105 for 5 h under nlrlogen \\ith 321 

HCI or 4M KOH. Total acetyl groups were determined bq g.l c.“. :rnd 0-acetyl 

groups by the ferric hydrouamatc methodJo with r-I>-glucop> ranox pcnta-acetate 

as the standard. 

h/~~tl~~htint~ NIILII~ ci.v. .--- A standard procedure’ ” was fc~llo~ed for the per- 

methylation of Fraction I. Three treatments for the release of pxtiallx mcth>rlated 

sugars were tried: N. 90”,, formic acid at 100” for 2 h, folloncd lq O.).7h1 H,SOG 

at 100 for IS h: P, 0.5~2 trifluoroacctic xid at 100 for 16 h: c. 90”,, f‘rlrmic acid at 

100” for 6 h. dilution with water (4 vol. ), and further heating ;it 100 for 2 h. hl~~thod 

c (ref. 37) gave the best yields of neutral sugar rleri\ntives. After reduction with 

NaBH, or NaBD,, the products were converted into methylatcd :liJitul acctatcs bh 

heating with acetic anhydride at 100 for I h. using either pyridinc or ~O~III~N :lcctnto 

as the catalyst. 

Pcsiociutc ikuidrtioir. Fraction I \va~, oxidised with 50111~ sodium pcriodatc 

at 4’ for up to 70 h. The consumption of periodate was measured 1~1 the method crf 

Avigad”, and the formatron of formaldchydc by the chromotropic acid method. 

G~~rtk~c/. L/(,;J /~~dro(l~.~i.\. ~~-- The release of monosaccharlcic\ from Fraction I. 

monitored by p.c. (solvent ,1 ), was determined for various condition\ of acid hydra- 

lyhis: CI. 0.0552 or 0.1 M HCI xt IO0 .’ for periods ranging from IO m111 to 2 h: il. O.O5nl 

H,SO, at X0’ for 3 h: (‘, (I. I M trlfuoroacctlc acid at X.5 for 1 ..i h. h,lcthuct (’ appear-cd 

to give the most selective rclcasc of :ltTlbiilOsC . and \\a> used for the prqxrntion of 

arabinose-depleted polymcrx and olrgomeric products, which were fract ionatcd on 

Scphadcs G-50 and bubjectcd tcj monosaccharide and tncthylation anal> it’\. 

:‘lli.cc,t~lJcrrlc,ol,\ tlwtlwd~, Peracctylation of Fraction 1 and ouicialic\n (>I‘ the 
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product with chromium trioxide were carried out by standard methodsr’. O-De- 

acetylation of Fraction I was carried out with O.lM NaOH at room temperature for 

16 h, followed by passage of the hydrolysate down a column of Dowex 50 (H+) 

resin. Previously described methods were used for the O-demethylation of acetylated 

sugar ethers’ ‘, enzymic dephosphorylation of O-phosphoethanolamine’, the re- 

duction of galacturonic acid’, and the isolationi3, deamination’, and ninhydrin- 

degradation”’ of glucosamine. The preparation and g.1.c. (column VII) of acetylated 

act-2-yl glycosides, using either (+)- or (--)-octan-2-01 (Fluka AG), was used to 

assign the configuration” to a sample of 6-deoxytalose: the authentic L isomer was 

used as a reference. 

Pllysico-chemical methods. - 1.r. spectra were recorded with a Unicam SP200 

spectrophotometer; samples were dispersed in potassium chloride. Optical rotations 

were determined with a Bendix polarimeter (model 143A). N.m.r. spectra were 

recorded for solutions in D,O with Bruker WH-360 and WH-400 spectrometers. 

‘H-Spectra were recorded at 85” with sodium 4,4-dimethyl-4-silapentane-l-sulpho- 

nate as the external standard, and 13C spectra (with complete proton-decoupling or 

with gated decoupling) were recorded at 40” with tetramethylsilane as the external 

standard. G.l.c.-m.s. analyses were carried out by Dr. S. Binns (Reckitt and Sons 

Ltd., Hull), staff of the Department of Organic Chemistry, University of Stockholm, 

and staff of the Physico-Chemical Measurements Unit, Harwell. 
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