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The ShigeliaJ?exneri O-antigens are composed of residues of L-rbamnose and 
2-acetamido-2-deoxy-D-glucose (3: I), and their basic structure has been inves?igated. 
The O-antigen from S/t. flexneri variant Y was chosen for this study. hIethyiation 
analysis, n.n.r. spectroscopy, and analysis of the product of N-dcacetylation- 
deamination were the principle methods used. These studies demonstrate that the 
O-antigen is composed of repeating units having the following structure: 

43)~49-o-GlcNAcp-( I +2)-z-L-Rhap-( I -+2)-z-i-Rhap-( I --t3)42-L-Rhsp-( I - 

NTRODUCTlON 

Tk O-specific side-chains of the Shigella Jexneri lipopolysaccharides are 
composed of Zacetamido-2deoxy-D-glucose and t_-rhamnose residues. Two diKerent 

basic structures, one (I) for serotypes la, ?a. and variant Y. and another (2) for 
sewtypes 3a, In, 5, and v&ant X, have been proposed for the oligosaccharide 
repeating-unit I. Structural variation is further provided by adding terminal a-wgluco- 
pyranosyl groups and O-ace@ groups to different positions in these structures. 

-_t6)-o-GlcNAcp(l--r:!)-L-Rhap-(I~)-L-Rhap-(1~ 

1 

-cl)-o-GlcNAcp-(l-3)-~-~~~l~)-~-Rh~p-( I--L 

2 

We have recently demonstrated that these structures should he revised and 
have proposed’.’ that all Sk flexneri O-antigens contain the same basic repcating- 
unit (3). 

~3)-o-GlcNAcp(l-+2)+Rhap-;I--r2 or 3)-L-Rhap-(t--t3 or a)-L-Rhap-(I-+ 

3 

Wructurid Studies of the Shigrlla j&zxn& O-Antigens: Part I. 
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The O-antigen from serogroup 6, which should probably not be classified as a 
Sh. flexneri, has a different structures. 

Seltmnnn and E&r (Ref. 5 and preceding papers) have also proposed revised 
structureS for the 5%. flrmwri 0-antigens, based upon the common structure 4. 

Structures 3 and 4 are incompatible and also incomplete, as the aoomeric 

configurations of the sugar residues have not been determined. We now report further 
studies on the structure of tbe basic oligosaccharide repeating-unit of the S/~.J?ex~~eri 

O-antigens; the O-antigen from variant 1’ was examined. as it does not contain 
mglucose residues. 

IZJ3ULTS AND DISCUSSION 

The lipopolysaccharide (LPS) from S/~.jIexneri, variant Y, was ijoLted from 
the bacteria by extraction with phenol-wate?, and the polysnccbaride (PS), con- 
lainiog the O-specific side-chains and the core, was prepared from the LPS by mild 
I)ydrolyvs H ith acid . 7 in addition CO L-rhamnose and Z-acetamido-2-dcoxy-D-glucose, 

I>-galactose, D-glucose, and L-gi~cero-D-r,ranno-heptose were obtained on acid 
hydrolysis of the polysaccharide. The last three sugars, which derive from Lhe core 
legion, were present in IOW percentages only, indicating that the O-specific side-chains 
constituted the major part of the polysaccharide preparation. 

An ‘H-n.m.r. spectrum demonstrated that the polysaccbaride contained 
A’-scetyl (b 2.06) and U-aceryl (a 3.15) groups in the ratio - I:?. The O-deacetylated 
polysaccharide gabs 3 better-resolved spectrum which contained, inter alia, signals 

for methyl protons from r-rhamoose residues (S 1.25-1.32) and from acetamido 
groups (S 2.06), and for anomeric protons (S 4.75-5.15), in the proporticns 9:3:4, 
respectively. The results are therefore io sgrzement nith a repcating unit containing 
one 2-acetarnido-2-deoxy-o-glucose and thee r-rhamnose residues. As signals for 
anomeric protons of iy- and B-L-rbamnopyranosyl residues should have low coupling 

coust~nts, the presence of a signs1 for one anomeric proton at 8 4.75, with J1,2 7 Hz, 
is consistent ivith a 2-acetamido-2-deoxy-/3-D-glucopyranosyl residue. The chemical 
jhifrs of the other anomeric protons, 3 4.SO and 5.15 (3 H), suggest that at least two 
of the three L-rhamnopyranosz residues at:: a-lmked. 

The U-acetyl groups present in the O-antigen may be immunologically 
significanr, and ~111 be subject to further studies. 

hletbylotion analysis’ of the original and N-deacetylated PS yielded 3,44%-O- 
methyl-L-rhamnose and 2,~di-O-methyl-L-rh;Imnose in the proportions 2:l and 1:1, 
respect!wly (Table I, columns A and B). On hydrolysis of ihe product obtained from 
the Wdeacetylated PS, the glycosidic linkage of the modified amino sugar is not 
significantly hydroiqsed, and consequently zhe resulis demonstrate that the 2- 
acetamido-2-deoxy-D-glucose is linked to O-2 of ap L-rhamnose residue. The 4,6-d;- 
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methyl ether of 2-deoxy-2-IV-methylacetamido-D-glucose was also obtained, and 
identified by g.l.c.-m.s. both as iu alditol acetare9-” and as its acetylated methyl 
a-glycoside ’ I. 

TABLE I 

hfl3HYLAllON-ANtiLYSIS DATA FOR THE ORIGINAL AND 

h’ODIFIED Ps FROM Sh. j2WI2ri \‘ARIANT Y 

Aferh_vlared sugar” T-0 DClrctor wsponsr (9;) 

A B C D 

1,2.4,5-Rb3mni10l~ 0 ‘I 26 

1..:,6-2,5-Anhydro-hl~n~ 0.31 18 

2.3.CRba 0.50 17 31 

7-A-Rhs 0.9-I 35 4.5 34 
3.4-Rha o.s7 61 53 31 13 

‘,3,4.6-Glc l.Go 4 7 

‘2.3,4,6-Glc = ~.3,1.6-Lerr~-O-me~h~l-D-~UsOse. ~1s. bRelatwe retemion times Tar the corresponding 

zild~tol aceUtes (determined by iorerpolntlon bcween the solbent peak nnd that of I,%dl-O-xetyl- 

2.3.4,6tet~-0-merhy~-o-~iuc~lol) on .I column of Ok’-135 S.C.O.T. JI 210 _ cA, orIginsI PS; B, N- 

dcxetylated PS; C, tetrasclccharide 6; D, trlsacchande 7. “Parts of this ether and 11s 3ld1ro1 acetate 

were probably lost during concentratwns. 

These results confirm the partial structure 3, and further demonstrate that the 
2-acetamido-2-deoxy-o-slucopyrnnosyl residue is j&linked. 

n-~-cr-.,,-(~-2)-O-~-Rnair-(l-3)-C1-L-lir,ap~ 

5 
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The PS was N-deacetylated by treatment with sodium hydroxide-sodium 
thiophenolate in aqueous methyl sulfoxide’ ‘. Deamioatioo of this product, by 
treatment -with sodium nitrite in aqueous acetic acid, yielded a tetrasaccbaride (5). 

Part of 5 was reduced with sodium borodeuteride to give the 2,5-anhydro-D- 
mannitol-l-d dcrivatibe 6 which had [a)::* -60’. Another pan of 5 was treated with 

base, causing elimination of rhe trisaccbaride side-chain Linked to O-3 of the 2,5- 
anhydro-D-msnnose residue. The trisaccharide was then redued to its alditol (7), 
[C?lZ5 Cl8 -44”. hlethylatioo analysis of 6 (Table I, column C) confirmed the partial 
structure 3, but gave no information on the sequence of the two L-rbnmoose residues 
link.ed through O-2 and O-3. The substitution pattern of the 3-0-acetyL2,5anhydro- 

1,4.6-tri-O-methyl-D-mnnnit0l-I-d (8) was evident from its mass spectrum. The 

primary fragment m/e 2@3, formed by 6ssion between C-l and C-2, first loses methanol 
(/?-elimination), givin g the ion m/e 171, and subsequently keteoe, giving the ion 

m/e 120. The primary fragment m/e 20-1, formed by fission between C-5 and C-6, 
however, loses acetic acid, also by P-elimination, giving the ion n~/e 144 The iscmer 
of 8, namely, 1-U-acetyI-2.5-anhydro-I,3.6-t~-O-metbyI-D-mannilol-I-d (g), was 
prepared from heparin. In the mass spectrum of this substance, typical secondary 
fragmenti diflered by one mass unit from those given by 8, in agreement with the 
cotme of the frapenlation discussed above. Other acetylated methyl ethers of 
2,5nnhydrohedrois. monodeuterated at C-I, should also be readily identified from 
their mass spectra. The combinatioo of deamination and methylatioo analysis should 
consequeotJy be of general value in structural studies of complex carbohydrates. 

2c33-171-129 ?03---143 

8 9 

The sequence of&e L-rbamnose residues in the PS is evident from the methyl- 
ation analysis of 7 (Table I, column D). The formation of 3,edi-~-methyl-L-rhamnose 

and I ,2,4,5-tetra-O-methyl-L-rbamnitol demonstrates that the r_-rhamnose residue 

linked to the ‘-acetamido-2deo~y-D-~ucose residue is also linked through O-3. 

Methylated 7 gave 2 single peak on g.i.c., and its mass spectrum was consistent with 
the postulated structure. The values for the optical rotations of 6 and 7 indicate that 

all three L-rhamnose residues are a-linked. 

Part of tbe PS was acetylated, and treated with chromium rrio:tide in acaic 

acid’ ‘, 2 procedure known to oxidise /hpyranosidic residues to 5-ketoaldorLic esters 
whilst leaving a-pyranosidic residues intact. During Odeacetylation of this product 

with radium metboGde in methanol, aldonic ester linkages should also be cleaved, 
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co2 R 

I 
HCNHAc 

367 

I 
~-~-R~~-(I--~Z)J~-L-R~~~-(I--~~)~-L-R~~~-I-OCH 

I 
HCOH 

I 
c=o 
I 

CH:OH 

10 

and a trisaccharide was obtained which wzs identical (n.m.r.) with the rhamnose 
trisaccharide obtained on treatment of 5 with base. The trisaocharide is formed by 
~-elimination of the oridised product 10. The results lend further support to the 
structure 11, proposed for the repeatmg umt of the O-antigen. 

11 

Structural studies of O-antigens from 
which presumably derive from this structure 
a-D-glucopyranosyl residues, are in progress. 

different serogroups of S/I. jkweri, 
by addition of O-acctyl and terminal 

General merhods. - Concentrations were performed under diminished pressure 
at bath temperatures not escceding W. For g.l.c., a Ferkin-Elmer 990 instrument 
fitted with a flame-iocisation detector was used. Separations of alditol acetates were 
performed at 190’ on glass columns (180 x 0.15 cm) containing 3% of OV-225 on 
Csaj Chrom Q; for partially metby!ated alditol acemtes, a column (15 m x 0.5 mm) 

of OV-225 S.C.O.T. was used at 210’. For quantitative evaluation, n Hewlett- 
Packard 3370B integrator was used. G.l.c.-m.s. was performed with a Varian Mat 
31 I-SS 100 m.s.-computer system. N.m.r. spectra for solutions in D1O at 85” were 
recorded on a Vat-km Xi-100 instrument, with sodium I ,1,2,2,3,3-hexadeuterio3,C 
dimethyl4siIapentane-I-sulfonate 3s internal standard. Optiwl rotations were 
recorded on a Perkin-Elmer IGl instrument. A Waters R-N3 differential refractometer 
was used for monitoring the Sephadex column effluents. 

Preparation qf polyxaccharide. - Shigellaflextzeri, variant Y (-, 3,4) (Dysentery 
Referena: Laboratory, London), was used. The tipopolysaccharidc (LPS) MS 
isolated from acetone-dried bacteria by extraction with phenol-water and purifkd by 
gel filtr&.ion on Sepharose 2-B”. Unspecific glucan, present in 7-25%, was removed 
by titration through a Concanavalin ASepharose 4-B column’ 5. LPS (200 mg) was 
treated with 1% acetic acid (80 ml) for 2 h at IOO”, centrifuged, washed with ether 
(3 x 15 ml), and freeze-dried, yielding the PS (103 mg), [a]& -t I o (c 0.5, water). Sugar 
analysis of an acid hydrolysate of the PS showed t.-rhamnose, 2-amino-2-deoxy- 
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D-glucose, and small proportions of D-~~UCOSC, D-galactose. and L-g~~Wro-D-mPVIo- 

heptose; the su_gars were analyzed by g.l.c.-ms. of their alditol acetates’ 6. hfethyl- 
ation aualysis (Table I, column A) was performed as previously described’. The n.m.r. 
spectrum of the PS HBS not well-resolved, but shotted, her afia, signals for O-acetyl 
and N-aceryl groups and for methyl protons in L-rhnmnose residues in the pro- 

portions 3: 1:3. 
The PS (33 r-r@ was U-deacrty!nted by treatment wi& 0.5~1 aqueous sodium 

hydroxide (IO ml) at 25” for 7 h. The solution was neutrnlised with ht hydrochloric 
acid, sod dialyzed, and the product (16 mg) was recovered by freeze-drying. The n.m.r. 

spectrum. \\rhich was well-resolved, showed, infer aha, signals at B 1.241.32 (9 H), 
2.06 (3 H). 4.75 (1 H, J, ,? 7 Hz). 4.80 (I H), and 5. I5 (2 Hj. 

N-Dracctylutio~~. - A solution of PS (36 mg), sodium hydroxide (720 mg), and 

thiophenol (I 50 mg) in water (I .S ml) nnd methyl sulfodde (9 ml) was stirred at 90J 

for I5 II, neutrolised with ‘ht hydrochloric acid, dialysed, and freeze-dried. The product 

(20 mg), [zji:, +S” (c 0.6, water), did not contain A’-acetyl groups., as evident from 

its n.m.r. spectrum which shotvcd. it&r U/IU. signals at 6 1 Z---1.32 (9 H), 4.55 (1 H, 
J I,2 8 Hz). 5.03 (I H. J, ,2 I .S Hz), 5.17 (I H). and S-25 (I H). The data for the 
methylation analysis of this product are given in Table I, column B. 

Deanuhation. - The IV-deaetylated PS (I9 m_e) was dissolved in water (I 3 ml), 
snd 33Sb aqueous acetic acid (2 ml) and 5% aqueous sodium nitrite (3 ml) were added. 
The solution was kept at 35’ for 40 min. and then passed through a column of 

Dowes 50 (H ‘) resin and freeze-dried. 

Half of the product was reduced with sodium borodeuteride (30 mp), and the 
solution was neutralized with Dobvex 50 (H ‘) resin, filtered, concentrated, and 

codlsttllcd with methanol (3 x 3 ml). Fractionation of this reduced material on a 
column (80x I.6 cm) of Scphadcx G-25 gave one main fraction (5 mg), [ax]::, -60” 
(c 0.5. water). eluted in the tri- to tetm-saccbaride region. Some polymeric material 

(3 mg) was also eluted, and shown by sugar analysis to contain core sugars. Gata for 

the methylation analysis of the reduced oligosaccharide fraction are given in Table I, 
column C. The mass spectrum of 3-U-acetyl-2,5-anhydro-I&6-tri-O-methyl-D- 
mnonitol-1-d shoued, infer alia, peaks at tie following nl/e values: 43 (100). 45 (&I), 
-I6 (42). 53 (-+), 55 (5), 56 (8). 59 (6), 69 (8). 70 (7), 71 (15). 75 (IO), 86 (5). 87 (16), 
S8(5), 97(10), IO1 (IO), 103(9). 111 (II), ll2(13), 116(4), l26(6), 129(62), 130(7), 
143(G), l4-!(l3), l57(5), I71 (I), 203(16), and 70-l(4). 

The n.m.r. spectrum of the tetrasaccbaridr 6 sbo!\ed, inter ah, signals at 

J 1.23-1.33 (9 H), 4.87 (1 H, J,,: 1.3 Hz), 4.96, (I H, J’,,: 1 i-h), and 5.15 (1 H). 
On hydrolysis, it yielded 2,5-anhydro-D-mannitol and L-rhamnose in the rario l:3.2. 

Heparin (20 mg) in water (2 ml) was treated with aqueous nitrous acid (2 ml), 
prepared by dissolving N,O, in water (PH 1.4). After 30 tin at 25”, the solution was 
ireeie-dried, and a solution of the residue in water (4 ml) was reduced with sodium 
borodeuteride (20 me) for 2 h. The reaction mixture was neutral$ed with Dcwex 
50 (H ‘) resin, concentrated, and codistilled with methanol (3.3 ml). 1Methylatjon 

analysis afTorded 4-O-acetyl-2,5-anhydro-i ,3.6-tri-O-methyl-D-rnannitol-l-d, which 
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gave a mass spectrum having, infer &a, peaks with the following nr/e values: 43 (IW;, 

45(V), 46(54), 53(4), 55(g), 59(5), 6S(+, 69(6), 70(5), 71 (8), 72( 12), 73 (6), 75( i2;, 

83 (4) 85 (8), 87 (15), 88 (4), 98 (IO), 99 (5) 101 (5), 103 (9) I I I (17), 1 I2 (9), 

115(5), 126(7), 129(8), 130(58), 131 (5). 143(i4), Iti( 157(5), 172(l), 203(2), 

20-4 (Id), and 205 (2). 

The other half of the deaminated material was treated with 0.05x1 aqueous 

sodium hydroxide (I ml) at 37” for 30 min. ncutralised with 0.5~ hydrochloric acid, 

and fractionated on a column (80x0.8 cm) of Sephade: G-l 5. A component was 

obtained in the tiaccharide region, and its ’ H-n.m.r. spectrum showed. inter alia, 
signals at 6 l.Y-I.32 (9 H), S 4.87 (0.5 H, J,,, I Hz), 5.01 (I H, J,.? I Hz), 5.10 

(0.5 H, J,,, 1.5 HZ), and 5.21 (1 H, Jr ,a I Hz). The triszrccharidc alditol (7, I mg), 

obtained by reduction with sodium borohydride, showed Lx]:& -44’ (c 0.1, water) 
and, after methylation. gave a single peak on g.1.c. using a column containing 3% of 

OV-1 on Gas Cbrom Q. The data for the methylation analysis of 7 are given in Table I, 

column D. The mass spectrum of the fully methylated trissccharide alditol contained, 

infer olio, the foUowio_e fragmen= (relative intensities in brackets): 15 (:I), 55 (9) 

57 (7), 59 (67). 69 (5) 21 (39), 22 (34), 73 (l8), 75(46), 83 (5). 85 (16). 87 (7), 

SS(iOO), 89(20), 97(13), 99(16), 101 (66), 103(10), 113(g), 115(19), 125(13). 

129 (13). I31 (7). I41 (9). I45 (l3), 147 (5), I57 (28), 139 (XI). 105 (6) 265 (6), 

28 I (3), 331 (2). 3-17 (4), 355 (3), and 363 (I). 

Chromiunr trioxide oxidation. - Fully acetylated PS (35 mg) was treated with 

chromium trioside (105 mg) in acetic anhydnde for I h at 60’ in an ultrasonic bath. 

The reaction mixture was partitioned berwccn chloroform and \\atrr, and the chlcro- 

form phase was concentrated to dryness. The product \qas treated \sich 0.05~ 

methanolic sodium msthoxidc (30 ml) for IS h at X”, and then neutral&d with 

Dower. 50 (H’) resin. Water (70 ml) was added to the residue, the ion-exhange resin 

removed by filtration, and the solution concentrated to dryness. Gel filtration of ihe 

residue on a column (80x0.8 cm) of Scphadex G-25, Lvith water as elusnt, gave a 

rt-isaccharide (7 mg) which was identical (n.m.r.) with that isolated as the product of 

sequential deamirxtion and base treatment of N-dtacet~~lsred PS. 

XCKNOV. LEDGUENTS 

The skilful technical assistance OF Miss Binbe Abrahsmsson is acknowled_ged. 

This work, which is part of a joint program sponsored by the Polish and Sivedish 

Academies of Sciences, was supported bl grants from the Swedish hledrcal Research 

Council (Project NO 2522), Knut och Alice Wallenbergs Stiftelse. Hnrald Jeanssons 

Stiftelse, and Stiftclsen Sigurd ocb Elsa Goljes hlinnc. 

REFERENCES 

I D. A. R. SIhlh!OluS, Eur. J. Bmdwnr., I I (1969) 55-L-575. 
2. B. LIwJBERC. J. LBNNCREN. i..i. RlJD<N. AND D. A. R. SIMMONS, i3rr J. B~~clrern., 32 (1973) 

IS-IS. 



370 L. KENNE, 6. LINDBERG, K. PJZEFtSSGN, a, ROhfANOWSKA 

3 B. LINDBERG, J. L~NNGREN, E. Ro~~owss~. AM) U. Ru&N, Acru Cfzem. Smnd., 26 (1%) 
3808-3810. 

1 E. KAIZKNTLUMXXXN, M. MJLECYK. AWJ E. RO~NOWSU. Eur. J. Biodrem., 61(1976) 191-i97. 
5 G. SKL~X AND W. BEEP. 2. A&em. Mikrobiol.. 13 (L973J 107-113. 
6 0. WESTPHAL, 0. L~~DERITZ, AND F. BISTER, Z. N;rr;vforsch. B. 7 (1952) l48-155. 
7 W. DROCE, 0. L~JOEM-I-Z, AND 0. H’E-SVHXL, Eur. L ffiochem.. 1(1968) i26-138. 
8 H. BJ&ND~L, C. G. HEUERQVIST, B. LINDBERG, AND S. SVENSSON, Angew. Cizem. fr?r. Eo. figf., 

9 (1970) 610419. 
9 K. STELLNER. H. SAITO, AND S. HAROWORI. Arc/t. Biochem. Biophyz, 155 (1973) 464472. 

10 G. 0. H. SCHXVARZMXNN MID R. W. JFXXLOZ, Curbohpfr. Res., 31(1974) 161468. 
I I S. K. KUN-DU. FL W. LEOEIN. ANO P. A. J. GORLU, Carbohydr. Res., 39 (1975) 329-334. 
12 C. ERBING, K. GIUNAM. L. KENCE. A_- B. LINDBERG, Carbohydr. Res., 47 (1976) C%C7. 
13 J. HXFMAN. B. LINDBERG, AND 5. SVE~‘SSON, Acta Chem. Sc~nd., 26 (1972) 661-666. 
I-2 E. RO~hOWS~, Artal. Biochrm.. 33 (1970) 383-389. 
15 E. Ro~-~oHs~A, unpublishzd rsults. 
16 J. S. SAWARDEKER. J. H. SLO~IIWZ. AKD A. .hras, rind. Chem.. 37 (1965) 1602-160-L 


