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The structure of the polysacchande antigen produced by Eztbacterzum sabur- 

reum, stram L 452, has been mvestigated Methylatlon analysis, graded hydrolysis 
urlth acid, and n m r spectroscopy were the prmclpal methods used The polysac- 
chande 1s composed of tnsacchande repeatmg-uruts havmg the following structure 

-_t4)a-D-G~~-(l~2)-~-D-Rlbf-(~--t 
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The assignment of the j3 configuration to the D-nbofuranosyl residue 1s tentative 

INTRIDUCTION 

Investlgatlons of the cell-wall polysacchande antigens produced by Ezzbac- 

terzum saburreum, strams L 44l and L 4g2, have shown them to have unusual struc- 
tures The former is composed of D-g[yCero-D-galaCto-heptOSe and U-acetyl groups, 
whereas the latter contains, m addition to these components, a new sugar which has 
been Identiled as 6-deoxy-D-&fro-heptose and 1s present as furauoachc end-groups 
We now report structural studies of the antigen produced by another stram, L 452, 
of the same orgamsm3 

RESULTS AND DISCUSSION 

The anagen had [a& + 170” and, on acid hydrolysis, yielded D-ribose, 
D-fucose, and D-galactose m approxunately cqumolccular proportions The sugars 
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were charactensed by g I c -III s of then aldrtol acetates and by therr optrcal rotatrons 
The rdentrty of D-fucose was confirmed by the formatron of Its methylphenylhy- 
drazone, which was mdrstmgurshabie from an authentrc sample (m p , I r ) Bactenal 
polysaccharrdes are often composed of ohgosacchande repeatmg-uruts, and on thus 
basts, these results mdrcate the antigen to contam a tnsacchande repeatmg-structure 

Thts was supported by the *H-n m r spectrum which showed, inter alza, a signal 
(3 H) for the methyl groups of the D-fucose residues at 6 1 20 (J5 6 6 Hz) and signals 

for anomenc protons at 5 IO-5 20 (overlappmg srgnals, 2 H) and 5 40 (J1 2 low, 
1 H) It was also evrdent from the n m r spectrum that the polysacchande drd not 

contam O-acetyl groups, and this conclusion was further confirmed by the I r 
spectrum where there was no absorptron m the carbonyl region 

Methylanon analysrs of the polysaccharrde, with analysts of the partrally 
methylated sugars as therr aldrtol acetates4, yielded 2,3,5-tn-@methyl-D-fucose, 

5-U-methyl-D-rrbose, and 2,3,6-tn-O-methyl-D-galactose m the proportrons 32 37 31 
The results demonstrate that the D-fucose IS furanosrdrc and termmal, and that the 
D-rrbose IS also furanosrdrc and lurked through O-2 and O-3 The D-galactose IS most 
probably pyranosrdrc and linked through O-4 Mild, acid hydrolysis of the poly- 
sacchande (0 05~ sulfunc acid at 80” for 3 h), with fracuonatron of the product on 
a column of Sephadex G-15, gave three main fractrons The first fraction contamed 

polymenc material, [r]s7s + 152”) on acrd hydrolysis, rt gave D-nbose and D-galactose, 
but only small proportions of D-fucose Methylatron analysrs gave approxrmately 
equal amounts of 3,5-dr-O-methyl-D-nbose and 2,3,6-tn-O-methyl-D-galactose The 
termmal D-fucofuranosyl groups are therefore lurked to O-3 of the D-ribofuranosyl 
residues The ‘H-n m r spectrum showed, Inter alla, srgnals for the anomerrc protons 
at 6 5 22 (J1 2 4 Hz, 1 H) and 5 40 (J1 2 low, 1 H) 

The second fractron, eluted m the drsaccharrde regron, was shown by acid 
hydrolysis to be composed of equrmolecular amounts of D-galactose and D-nbose 
It contamed one mam component w&h, after further punficatron by p c , had 

Roth + 1420, on reduction with borodeutende and methylatron analysis, It gave 

2,3,4,6-tetra-C?-methyl-D-galactose and 1,3,4,5-tetra-U-methyl-D-nbrtol-Z-d It was 

thus rdentrfied as 2-O-r-D-galaCtOp~anOSyl-D-ribOSe The methylated dlsacchande 
aldrtol was also Investigated by g 1 c-m s The fragmentation pattern was In agree- 
ment with the postulated structure, usmg pnncrples outhned for related substances5 
The resuhs consequently demonstrate that the D-galactosyl resrdue IS pyranosrdrc 
and +hnked, The last fraction from the Sephadex column contained almost pure 

D-fUCOSe 

Dunng the graded, acrd hydrolyses of the polysacchande described above, an 
rrutral decrease n-r optrcal rotation was observed, mdrcatmg that the D-fucofuranosldic 
residues cleaved dunng thrs treatment were a-lurked It has already been demon- 
strated that the D-galactopyianose resrdues are x-linked, but it IS drfficuh to determme, 
either from the n m r evidence or from the optrcal rotatrons, whether the D-nbo- 

furanosyl groups are CL- or /3-hnked However, as @-D-nbofuranose resrdues are 
commonly observed m Nature, whereas the occurrence of the correspondmg a-lurked 
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units has not been conclusively estabhshed, it 1s tentatively assumed that the asslgn- 
ment of a p-lmkage to the nbosyl units m the E sabztrreum polysacchande IS correct 
Consequently, the structure of the repeatmg unit of the polysaccharlde IS established 
as 

--t4)-a-D-Galp-(l--t2)-~-D-R~bf-(1~ 

I 
-5 
i 

I 
r-D-Fucf 

The occurrence of D-fucofuranosyl groups in this structure IS an unusual feature 
D-Fucose 1s a rare sugar zn Nature6, and fucofuranosyl restdues, of undetermmed 
absolute configuratlon, have only been observed once, m a polysacchande from a 
diatom’ 

Dunng ths work, it was observed that 2,3,5-tn-0-methyl-D-fucitol obtained 
m methylatlon analyses, was only partrally acetyfated under the condltlons normally 
apphed The secondary hydroxyl group showed low reactlvlty, and the related 
2,3,5,6-tetra-0-methyl-D-galactitol behaved slmllarly Complete acetylatlon could be 
achieved by prolongmg the reactlon time 

EXPERIMENTAL 

GenerrJ n2etl2ods - These were the same as previously described’ N m r 
spectra fol solutions m DzO at 85” were recorded with a Vanan XL-100 Instrument 
operated m the PFT mode 

Ident2ficatron of components - The polysacchande, Isolated as previously 
descnbed’, showed [a]::, + 170” (c 0 1, water) The value 1s corrected to apply to the 
carbohydrate content of the polysacchande material, determmed by sugar analysis 
m the presence of an Internal standard Acid hydrolysis of the polysacchande, with 
0 25~ sulfunc acid at 100” for 16 h, gave three components m the proportlons 
37 30 33 They were ldentlfied as fucose, nbose, and galactose by g 1 c -m s of their 
aldltol acetates The free sugars were fractionated on two columns of micro-Bondapak 
Carbohydrate (30 x 5 cm), with acetonitnle-water (9 I) as eluant, and showed 
[cY]‘,& + 83”, -24”, and f 80”, respectively The D-fucose was further characterlsed 
as Its methylphenyihydrazone, m p i72-173”, and this denvatlve was mdistmgulsh- 
able from an authentic sample (m p , I r ) 

Metltylatzon analyses - These were performed as previously described’ 
The identifications of components were unambiguous and will not be dlscussed 
The followmg retention tunes of the derived aldltol acetates, relative to 1,5-dl-0- 
acetyl-2,3,4,6-tetra-0-methyl-D-glucltol, on g 1 c @P-1000 column at 220”) were 
observed 2,3,5-tn-U-methyl-D-fucose, T = 0 59, 3,5-dr-0-methyl-D-nbose, T = 0 81, 

5-0-methyl-D-nbose, T = 1 29, and 2,3,6-tri-0-methyl-D-galactose, T = 1 86 
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During the methyiatlon analysis, the acetylation of 2,3,5-tn-U-methylfucitol 
Has incomplete using routme conltions [acetic anhycirlde-pynchne (1 1), lOO”, 
15 mmj In addlhon to the expected l&d~acetate, a comparable amount of the 
I -acetate (T = 0 50) was obtamed, and xdentlfled by its mass spectrum, wbch showed, 
later alza, the followmg fra_ments (relative mtensltxes m brackets) m/e 43(50), 
59(100), 71(15), 87(22), 39(g), 101(27), 117(37), 131(11), 145(2), and 161(2) 

The same behavxour was observed for 2,3,5,6-tetra-O-methyl-D-galactitol, 
whch gave the analogous l-acetate (T= 1 04) Mass spectrum_ m/e 43(95), 45(62), 
59(56), 71(37), 87(47), 89(62), 99(20), lOl(lOO), 117(62), 131(31), 143(8), and 161(11) 

This mcomplete acetylation has not been observed for other sugars, but could 
be overcome here by extendmg the reaction time to 1 h 

Partzal hya’roZyszs wzth ad - The polysacchande (2 7 mg), m 0 0% sulfunc 
acid (1 ml), was kept at SO”, and the change m optlcal rot&on was followed m a 
IO-cm tube: the [&T8 value dropped from +0 466” to +0 330” In 4 h The hydrolysis 
was repeated with 8 mg of polysacchande, the solution was neutrahsed wrath banum 
carbonate and concentrated, and the products were fractionated on a column 
(1 5 x 90 cm) cf Sephadex G-l 5 The elutlon was momtored by dlfferentlal refrac- 
tometry, and three mam fractions were obtamed polymenc (3 mg), D-galactosyh- 

nbose (0 5 mg), and D-fucose 
The dlsaccharzde was reduced with sodium borodeutende, and subjected to 

methqlatlon analysis on g 1 c f usmg an OV-I column at 150” 
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