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ABSTRACT 

In addition to the previously reported 2-acetamido-2-deoxy-D-glucose and 2- 

acetamido-2-deoxy-D-mannuronic acid, 4-acetamido-4,6-dideoxy-D-galactose (D- 

Fuc4NAc) is a major component of the enterobacterial common-antigen. The 

trisaccharide repeating-unit -+4)-/3-D-ManpNAcA-(l-+4)-cr-D-GlcpNAc-(1+3)-D- 

Fucp4NAc-( l-+ constitutes 70% or more of this antigen. 

INTRODUCTION 

The enterobacterial common-antigen (ECA) is a polysaccharide antigen 

elaborated by most wild-type strains of Enterobacteriaceae’. It is present as a hap- 

ten in these bacteria. In some bacteria, namely, R-mutants containing the Rl or R4 

core, ECA is chemically linked to this core and, as part of the lipopolysaccharide, 

becomes immunogenic. Until recently, structural information on ECA was scarce. 

In 1978, however, it was demonstrated2T3 that 2-acetamido-2-deoxy-D-glucose and 

2-acetamido-2-deoxy-D-mannuronic acid were main constituents of ECA. It was 

further demonstrated, by methylation analysis, that both these sugars are linked 

through the 4-position’. We now report further structural studies of ECA. 

RESULTS AND DISCUSSION 

ECA was prepared from Shigella sonnei phase I and purified as previously 

described3. A sample was treated with methanolic hydrogen chloride, and the re- 

sulting methyl glycosides were re-hr-acetylated and fractionated by t.1.c. In addi- 

tion to the expected glycosides of 2-acetamido-2-deoxy-D-glucose and 2-acetamido- 

2-deoxy-D-mannuronic acid (as the methyl esters), two further glycosides were ob- 

tained. One of these gave signals in the 13C-n.m.r. spectrum at S 105.3,73.0,72.1, 

71.2, 58.7, 54.8, 23.1, and 16.7, indicating that it was a methyl glycopyranoside 
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(with M&-l equatorial) 01 ;I h-deoxyhexose containing an acetamrdo group. The 
signal expected in the car-bony1 region was obscured bv the noise. 

The glycosides were acetylated and further puriticd by column chromatog- 

raphy on silica gel. Anslysi$ ot the X)()-MHz. ‘H-n.m.r. spectra (Table I) shovved 

that one of the substances (that discussed above) wah a methyl 3-acet~iITlldC1-~.h-di- 

deoxy-/3-galactopyranoside and the other the corresponding rti-glycoside. The 

gulacto contiguration was evident from the coupling constants of the rrng proton\ 

The large coupling-constants of H--C to N-H, 9 h and 1j.K HT. respectively. de- 

monstrated that the acetamido group is linked to C-3 The values for c>ptical rota- 

tions, [a]yTH +X3” for the cY-glycoside and - I._ lo for the ,!&giycoside (both in chloro- 

form), are not very accurate because of the small amcmnts available. but nev-crthe- 

less demonstrate that the sugar has the I) contiguratron. J-Acetantitio--1.h-dldc~~x~- 

tl-galactose is consequently a component of ECA. This sugar has ht*en found’ in 

the O-antigen of Estkwc-hiu co/i 0 IO. 

4-.4mino--I,6-dideoxy-r+galactosr. which should be formed on hydrolysis of 

ECA with acid. ts readily decomposed via pyrrole dcrtvatrve< Tl11~ may explain 

why it was overlooked in previous investigations. However, the I-acetamrdo dc- 

rivative should be considerably more stable. Hydrolyses of glycosidic linkages with- 

out N-deacylation may be effected on solvolysis with liquid hydrogen fuoride’. fol- 

lowed by hydrolysis with acid under mild conditions. The glyco\yi Ruorrdrs formed 

are probably hydrolysed during the work-up, and it i\ questionable if the treatment 

with aqueous acetic acid used in the present study i\ actualiv ncccqsary. I’hi\ 

method. which was used” in studies of the b’ihrrc, chlolrrtrt~ C)-Gintigcn. was con- 

sequently used in the further studies of ECA. 

A sample of ECA was O-deacetylated by treatment with base. any fret 

amino groups were reacetylated. and the product was carhoxyl-reduced’. After 

three consecutive reductions. essentially all of the carbuxyl groups had been re- 

duced. as evident from the sugar analysis and from the “C-n.m.r. spectrum. The 

resulting polymer was purified hv chromatography on Sephadcx G-75. and then 

had [(Y]$ +107” (water). . 

ECA was carboxyl-reduced. methylated (Hakomori), and hydrolysed as dis- 

cussed above. and the resulting mixture of methylated sugars was reduced with 

sodium borodeuteaide and then acetylated. The alditol acetates were analysed by 

g.l.c.-m.s.; comparable amounts of the alditois derived from -l.h-dideouy-2-C)- 

methyl-3-N-methylacetamido_D-galactose, ~-deoxv-i,h-di-O-m~t1~~l-.l-,Y-meth~l- 

acetamido-n-glucose, and ?-deoxy-.3.6-di-O-methyl-~-h’-methyiacct~mido-t~-~~~an- 

nose were obtained. When the carboxyl-reduction was performed with sodium 

borodeuteride, the expected labelhng in the 2-amino-?--decjs~-t,-mllnno~e deriva- 

tive was observed. As generally observed rn methylatron analyses ~9i products con- 

taining N-acetylamino sugars. the acetamido derivatives. with shorter retcntion- 

times than the corresponding N-methylated products. were aIs<, ~~btained. The 

components were identified from their mass spectra. Some typic:11 fragments from 

the ~.~-dideoxy-3-O-methyl-~-~-methylacet~~mid~~-~-gal~~ct~~se dcrrvativc i 1) arc 

indicated in the formula. 
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The results therefore confirm that the 2-acetamido-2-deoxy-D-glucosyl and 2- 

acetamido-2-deoxy-D-mannosyluronic acid residues are linked through O-3. and 

demonstrate that the 4-acetamido-3.(s-dideoxy-D-gaiactosyl residue i< linked 

through O-3. 

In order to gain further insight into its structure. ECA was subJected to par- 

tial hydrolysis, using the two-step procedure discussed above. In one experiment, 

the treatment with hydrogen fluoride was performed at room temperature for 15 

min. and the product was fractionated by chromatography on Sephsdcx G-75. The 

main oligomer after this treatment was a disaccharide that gave an altlitot having 

[a]$? +60”. The substances were identified as disaccharide 2 and ~th alditol from 

their ‘H- and 13C-n.m.r. spectra (Tables IT and IIll. 

n-D-GlcpNAc-( l-3)-I,-Fuc4NAc 

2 

When the treatment with liquid hydrogen fluoride was performed at -20” for 

15 min and the product was worked-up as above, a trisaccharide, which was charac- 

terised by ‘H-n.m.r. spectroscopy. was the mam product. The yield rjf this trisac- 

charide was 70%. of which 4O”lr was pure and 30 % (obtained from an adjacent 

fraction) was almost pure according to n.m.r. evidence. ‘I-I-N.m.r. spectroscopy 

also demonstrated that some 40% of the trisaccharide was Cl-acetylatt~d, which in- 

fluenced the chemical shift of H-t of the 2-acetamido-‘-del)sv-~-i~-~n~~n- 

nopyranosyluronic acid residue (Table II). As discussed below. 70’; %) the trihac- f 

charide units in ECA are U-acetylated. and >50cii. of the O-acet!l groups thus sur- 

vived on solvolysis. Reduction of the trisaccharide gave an alditol having [cy]& 

+X0. Analyses of the spectra (Tabies II and III) demonstrated that the slditol was 
derived from trisaccharidt 3 IJnits of this trisaccharide consequently make up a 

considerable part of ECA 

/3-D-ManpNAcA-( l&4)-cw-iI-GtcF>NAc-( 1~+3)-~FuclNAc 

3 
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TABLE II 

PERTINENTSIGNALS IN THE 'H-N M R. SPECTRA OFOLIGOSACCHARIDES AND OLIGOSACCHARIDE-ALDITOLS 

FROMECA(COLJPLINGCONSTANTS~INPARENTHESES) 

Compound Anomenc protons 
ManNAcA or 
ManNAc 

GlcNAc AiclNAc C-CH, 

a-2 (114) 4.97(3.5) 5.24(3.9) l.Og(6.3) 
p-2 (314) 4.97(3.5) 4.lS1(7.3) 1.12(6.3) 
Alditol of 2 5.05(3.4) 1.17(6.3) 
a-3 (114)h 4.87(1.7)C4.83(1.7)d 4.97(broad) 5.24(3.9) l.Og(6.3) 
p-3 (314)b 4.87(1.7)C4.83(1.7)d 4.97(broad) 4.61(7.3) 1.12(6.3) 
Alditol of Je 4.95(1.7) 5.03(3.4) 1.16(6.4) 
a-4 (l/4) 4.87(1.4) 4.97(3.5) 5.24(3.9) l.Og(6.3) 
p-4 (3/4) 4.87( 1.4) 4.97(3.5) 4.161(7.3) 1.12(6.3) 
Alditol of 4’ 4.87(1.4) 5.03(3.9) 1.17(6.3) 

“Determined with kO.3 Hz accuracy. bA signal at S 2.16 from OAc was also obtained. ‘0.6 H. d0.4 H. 
‘Signals at 6 4.58 (3) and 4.53 (J2,3 3.9 Hz) (4) for H-2 of D-ManNAcA and o-ManNAc, respectively, 
were also obtained. 

In another experiment, carboxyl-reduced ECA was subjected to partial hy- 

drolysis, the treatment with liquid hydrogen fluoride being performed at 0” for 15 

min. A trisaccharide-alditol was obtained after reduction, which, according to 

n.m.r. evidence (Tables II and III), was derived from trisaccharide 4. 

P-D-ManpNAc-( l&4)-a-D-GlcpNAc-( 1+3)-D-Fuc4NAc 

4 

In the 13C-n.m.r. spectrum of ECA, two signals for hydroxymethyl groups (6 

64.5 and 61.7) and signals for 0-acetyl groups (6 21.6 and 175.2) were observed. In 

the 13C-n.m.r. spectrum of deacetylated ECA, only the signal at 6 61.7 remained. 

From this evidence, and from the relative intensities of the signals, it is concluded 

that some 70% of the 2-acetamido-2-deoxy-a-D-glucopyranosyl residues are O- 

acetylated at C-6. 

From the combined evidence discussed above, it is evident that 70% or more 

of ECA is composed of trisaccharide residues having the structure 5, in which the 

anomeric nature of the 4-acetamido-4,6-dideoxy-D-galactopyranosyl residue is not 

determined. The high, positive value of the optical rotation for carboxyl-reduced 

ECA, however, indicates that this residue is a-linked. 

~4)-P-D-ManpNAcA-(l~4)-a-D-GlcpNAc-(l~3)-,D-Fuc4NAc-(l~ 

6 

OAc 

5 
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It seems reasonable to assume that these, as oligosaccharide repeating-units, 

are combined into a linear part of the antigen. Small proportions of other compo- 

nents, mainly fatty acids, have been found in preparations of ECA, but, at present, 

it cannot be decided if these are part of ECA. Further studies are needed before 

a complete structure can be proposed. 

EXPERIMENTAL 

General methods. - Concentrations were performed under diminished pres- 

sure at bath temperatures below 40”. G.l.c.-m.s. was performed with a JEOL JMS- 

D300 instrument, with an INCOS 2400 data-system, using an SE-52 glass-capillary 

column. The n.m.r. spectra were recorded for solutions in D20 and CDCls with 

JEOL FX-100 and GX-400 instruments, using external tetramethylsilane (‘“C), in- 

ternal tetramethylsilane (‘H, CDCls), and internal sodium 3-trimethylsilylpropion- 

ate-d4 (‘H, D20) as references. Gel filtrations were monitored by differential re- 

fractometry. 

ECA was prepared and purified as previously described3. 

Methanolysis’ of ECA. - ECA (20 mg) was treated with M methanolic hy- 

drogen chloride (2 mL) at 80” for 24 h. The mixture was neutralised with silver car- 

bonate, the products were re-!V-acetylated, and the mixture was filtered and con- 

centrated to dryness. The glycosides formed were fractionated by t.1.c. on silica 

gel, using chloroform-methanol (3: 1). The two components having the higher RF 
values (1.5 mg and 1 mg, respectively) were isolated, and acetylated by treatment 

with acetic anhydride (0.5 mL) in pyridine (0.5 mL) at 80” for 1 h, and further 

purified by chromatography on a column (15 x 0.6 cm) of silica gel irrigated with 

ethyl acetate-toluene (2: 1). 
0-Deacylation. - A solution of ECA (100 mg) in 0.25M aqueous sodium hy- 

droxide (2 mL) was kept at 60” for 1 h, neutralised with M hydrochloric acid, and 

concentrated, and the product was purified by chromatography on a column (90 X 

2.6 cm) of Sephadex G-25 irrigated with water. The main component (77 mg) was 

eluted in the void volume and recovered by freeze-drying. 

Carboxyl-reduction. - ECA (100 mg) was deacylated as described above 

with M sodium hydroxide at 60” for 2 h. The product, in h4 sodium hydrogencarbo- 

nate (10 mL), was re-N-acetylated by treatment with acetic anhydride (0.3 mL), 

and purified by gel-permeation chromatography as described above. The product 

was carboxyl-reduced according to Taylor et al.‘. Uranic acids in the reduced prod- 

uct were determined by g.1.c. as the 1,5-dideoxy-1,5-imino-D-mannitol derivative 

according to Leontein et aL9, and three consecutive reductions were needed for 

complete reaction. Carboxyl-reduced ECA (40 mg), [a];& + 102” (c 1, water), was 

obtained after purification on Sephadex G-25. A small sample was reduced as de- 

scribed above, but using sodium borodeuteride as the reducing agent. 

Methylation analysis. - Carboxyl-reduced ECA (‘7 mg) was methylated ac- 

cording to Hakomori”. The reaction mixture (2 mL) was diluted with water (4 mL) 



and extracted with chloroform (4 x 4 mL). The chloroform phase was concen- 

trated and applied to a column (IO x 0.6 cm) of Sephadrx I,H-2tl which was irrt- 

gated with acetone-chloroform (2: 1). The fractionation was monitored by t.1.c.. 

using chloroform--.m:~ihan~)~ (3: I ) as irrigant. A homogeneous traction (3 mg) was 

dried under reduced pre.+;urc and dissolved in anhydrous. liquid hydrogen fluoride 

(X mL.). and the colution was kept at room temperature for 2 5 11. Iht~ hydrogen 

fluoride was pumped off at room lempcraturc. the t&due was treated with 20c; 

aqueous acetic acid at ItW t’o~ 7 h. and the solution wax conccntr:ttcrt IO dryness. 

A solution of the product rn water (I ml,) was treated with s~~drum borodeuteride 

(30 mg) at room temperature. ncutralisrd with Dowex 50 (8-I ’ 1 resin. .md concen- 

trated to dryness, and boric acid was removed by cotiistillation with methanoi. A 

solution of the product in acetic anh>dride-pyridtne i 1 : I. I: ml_) ).+,a kcpr ‘it 100~ 

for 1 h and then concentrated. and the last traces of acetylatrng agent were rc- 

moved by codistillatron with tuluene (3 x 2 mL). The rcsuiting. partraliv mcthv- 

lated alditol acetates were <tnalvsed by g.i.c.-m.s 

Przrtial .soirw!\~si.~. --- iu) A solution of E<CA (23 mg) in anhyiroua hydrogen 

fluoride (3 mL) was kept at room temperature for 15 mm. The hydrogen fluoride 

was pumped off, and the residue was treated with ht acetic acid (2 ml.) at 100’ t’o~ 

I h. The solution was trerzc-dried, and the residue was fractionated on ,t column 

(80 X 2.6 cm) of Sephadzx G-25. The main oligomcr was a disiaccharidc. which was 

reduced with sodium borohydride to givcl the alditol c-l..? mg). [01& +-Hi” ((. 0.l. 

water). 

(b) A solution of EC‘A (30 mg) in anhydrous hydrogen fluoride was kept at 

-W’ for IS min. The mixture was ncutrahsed and worked-up as described by Mort 

and Batter]‘. The product was fractionated on a column (00 K I (3 cm) r,f Bw-Gel 

P-2 irrigated with water. .lhe tirst traction (8 mg) consrsted of pure 3. and the im- 

mediately following fraction (6 mg) contained 3 as the rnlrin component. The sub- 

sequent fractions (3.-I mg) contained compounds of lower molecular mass. 

(c) A solution of carboxyl-reduced ECA f IS mg) in anhydrous hydrogen 

fluoride (3 ml.) was kept at 0” for IS min and then worked-up as descrthed under 

(N). The product was fractronated on a column of Sephadcx G-25, ;tntl the main 

oligosaccharide (4) was rrchr-om3tographed on a column (<!I) x 1 .ii cm) ot Broprl 

P-2. The trisaccharide 4 was reduced to give the alditol (3 mg), \~l]$. -~-15” i( ij.3. 

water). as described above 
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