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ABSTRACT 

The structure of the capsular polysaccharide from Streptococcus pneumniae 

type l2A has been investigated. Using n.m.r. spectroscopy, methylation analysis, 

and specific degradations as the principal methods of structural investigation, it is 

concluded that the polysaccharide is composed of hexasaccharide repeating-units 

having the following structure. 

-+4)-a-L-FucyNAc-( 1 +3)-/I-D-GlcpNAc-(I +4)-P-D-ManpNAcA-(I -+ 

3 

T i’ 
1 1 

a-o-GalpNAc cc-~-Glcp-(l -+2)-a-D-Glcp 

INTRODUCTION 

There are 82 different types of Streptococcus pneumoniae, some of which show 

antigenic relationships and have been brought together in groups. Thus, group 12 

consists of the types 12F and I2A (I 2 and 83 according to the American nomenclature) 

with the antigenic formulas l2a, 12b. l2d and l2a, 1 2c, I Zd, respectively’. We recently 

determined the structure of the capsular polysaccharide from type 12F (S 12F)2, 

which is included in a “core” vaccine covering a high percentage of the infections 

caused by S. pneunzoniae. We now report similar studies of S 12A which, for serological 

reasons, should have significant structural features in common with S 12F. 
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RESULTS AND DISCUSS102 

The polysaccharide S-12A was not very soluble in water or dimethyl sulfoxidr 

and was therefore degraded by treatment with 48 ‘I<, aqueous hyclrogcn fluoride at h -’ 

for 4X h. The resulting matonal, which gave clear solutions of IOM- viscosity, had 

mw 10,900 on gel liltration :ind wx used for n.m.r. studlea. The optical rotntlons 

and the sugar and meth~latlon analyses Ihr this m:iterial and the original poly- 

saccharidc were eshcntially the same. ‘Thus. S 12A had [x]~-~ 5 (water) and 

contained 1-acctamido-~-(lec,uy-L-fuc~s~. D-glucose, ~-acetal~lido-~-clec~~~-~~-~lLlcos~. 

and 2-acet:ltnido-7-deouq’-t,-galactast‘ in the relative proportIons 0.7 : 7.0: I .O : I .O. 

In addition. 1.Sdideoxy-I ,.5-lmlno-v-maniiitol was obtained in the relatl\e proportion 

0.3. This product was an artefast. also obtained’ in the \ug:11- an:ll>~i~ of S I2F. 

and was formed from 2-acot,~mido-2-deoxy-r>-mannur-o~l~c ;ICIC~ ~irr .~,-tleacet!‘iaticlii. 

lactonisation. and reduction with aodlum borohydride”. Phc sugar\ \\~e sho\\n to 

have the absolute configuratlons indicated. us111g the method of I_cont~~n ef nl.“.‘. 

The ?-acetamido-?-tfeosy-I,-rnannLltonlc acid residues ill the pr(oduct o&lined on 

Smith degradation of S I3A \+wc reduced to ~-acetarnldo-2-dc(~~~-l~“i?i~~iitl(~s~ 

residues before this detrrmInation. 

The ‘3C-n.m.r. spcctl~~m of S i2A (Table 11. column A) ~IOM~. intc~ crlicr. 

six signals for anomeric carbons. four signals for carbon atom5 linhcd to nitrogen. 

and one signal for :I C-methyl group. This result. In conlunction \\lth the rcsultc of 

‘I-ABLk I 

1.3.J,h-Glc 
I .‘,3.5-FucNAc 

3.46~Glc 
1,?.3,5,6-ManNAc 

~,~-FLIcNAc 
3,3,-t,&GlcNAc 
‘-FucNAc 

Z’.3,4.6-GalNAc 
?.3,6-MnnNAc 
7,4.&GlCNAC 
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TABLE11 

PERTINENT IT-N.M.R. CHEMICAL SHIFTS= FOR THE StWptoC0cClr.~ pnewmoniae TYPE 12A CAPSULAR 

POLYSACCHARIDE (A), THE POLYSACCHARIDE FROM THE SMITH DEGRADATION (B),THE POLYSACCHARIDE 

FROM PARTIAL SMITH-DEGRADATION CC). THE ALDITOL OF OLIGOSACCHARIDE 1 (D), AND THE ALDITOL 

OF OLIGOSACCHARIDE 3 (E) 

Curbo/r A B c D E 

cc-~-Gkp-(l+ 

-+2)-LX-D-Gkp-(1-r 

+4)-cc-L-FucpNAc-(l+ 

3 
_ 

+4)-a-L-FucpNAc-(I+ 

-+3)-L-FucNAc-01 

+4)$-o-ManpNAcA-( 1 
3 
t 

+4)-p-o-ManpNAcA-( 1 

-+4)-D-ManNAc-ol 
a-D-GalpNAc-(1 --f 

+3)-/?-D-GlcpNAc-(l+ 

j-D-GkgNAc-( 1 -t 

C-l 
C-l 
C-l 
C-2 
C-6 
C-l 

c-2 
C-6 
c-2 
C-6 
C-l 
c-2 

C-l 

c-2 
c-2 
C-l 
c-2 
C-l 

c-2 
C-l 
c-2 

96.2 
97.3 
99.6” 
50.0’ 
17.1 

101.3 
53.8 

99.3b 
50.9c 

102.9 

56.9 

100.9 

99.4 99.4 
(lJC,H 171 Hz) 

51.5 51.5 
16.7 16.7 

52.3d 
19.9 

101.7 
53.7 

101.1 
(‘JC.H 163 Hz) 

53.7 
54.4 

100.0 
51.2” 

102.4 103.0 
(lJC,H 163 Hz) 

56.8 51.0 
102.4 

57.1 

aIn Da0 relative to external tetramethylsilane. h-fiMay be interchanged. 

sugar analysis, indicates that S 12A is composed of hexasaccharide repeating-units 

containing two D-glucose residues and one residue each of 2-acetamido-2-deoxy-L- 

fucose, 2-acetamido-2-deoxy-D-glucose, 2-acetamido-2-deoxy-D-galactose, and 2- 

acetamido-2-deoxy-D-mannuronic acid. That all amino sugars are IV-acetylated was 

evident from the ‘H- and 13C-n.m.r. spectra. 

Methylation analysis of S 12A, in which the methylated sugars were analysed 

by g.l.c.-m.s. of their alditol acetates’j, gave the sugars listed in Table I, column A. 

As usual, essentially all of the N-acetylamino groups were N-methylated during the 

Hakomori methylation. The analysis shows that S 13A contains a D-glucopyranosyl 

group, a 2-acetamido-2-deoxy-o-galactopyranosyl group, a D-glucopyranosyl residue 

linked through O-2, and a 2-acetamido-2-deoxy-D-glucopyranosyl residue linked 

through O-3. Evidence that the 2-acetamido-2-deoxy-L-fucosyl residue is also pyrano- 



sidic is given below. and it IS consequently linl\cd through O-3 and O-4. The 2-acet- 

amldo-3-deo.uy-u-mannurnnlc acid residue is not accounted for in thi:, anai>sis. at, 

carboxyl-reduction, LEIII~ the method of Taylor et (I/. ‘, was ~~~~succcsit-111. The linding 

of two terminal groups, but oni> one branching resitiuc, indicates. hc’\\c\er. that thi4 

I:, also a branching residue and, if pyranosidic. Itnhed thrc)ugh O-3 and O-4. Tlic 

SE-30 glass-capillary col1_1wr1 proLed to be most conventent III sugar ;tnti mcthllation 

analysis of polysaccharides 11 h~ch. l&c S 1 ?A. contatn ~c~cral diff’crent ;!II~IIIO sugars. 

According to the nwth>lafion anal) sib. lhrec of the SIX sugar residue5 111 5 I I!,4 

should be ovtdtsed by pertodate, nnmcl> Ihe I>-glucop~ ranosyl group. the 2-IinLcci 

o-glucopyranosql residue. and the 3-acctat~iitlo-2-de~~~~-tj-galact~~p~r~tii~~~~l Iroup. 

The polysaccharide was thercforc subjected 10 a Smith degradationS (pet-iociatc 

oxidatton, borohydride rcductton to a “polyalcohol” . and hydroly\th \\ tth acid undct 

mild conditions 1. Sugar analysts of the “polyalcol~ol” cc~nlirmcd that the above- 

mentioned sugars had been oxtdised. tfmcvcr, selcctt\e clca\;ngc ol the ncctalic 

linhages of the modified rcstdues proved 10 bc dtfficult but \\;I< finally achiclcd b> 

treatment with 4X”,, aqucou~ hl,drogen 11 uoridc at 0 for IX h. Supar an:ily>i5 of the 

degraded material, M hich ~a\ polymeric and had 1 Y]~-~ 1117 (wutcr). ga\‘c 2- 

acctaiiiido-~-cieo,~~-t_-fucose, I .5-diclcoxy-I .5-tmino-t)-maiiiiit[~l, :~nd 2-acetamido-2- 

deoxy-[I-glucose in the relattve proportions I .O. 0.4. I .O. Mrth!lation anuly~sis (Table I. 

column B) demonstrated that the dcgradcd material V.;IS ;t Itnear pol!,~accharitle 111 

which the ~-ac~lamido-2-dc~~xy-t,-glucoryr~lnosyl residue wa4 itni,cci thro~igh (I-3 

and the 2-acctamtdo-3-de(~~y-l,-f’Ltco~~ 1 residue. assumed to bc p!,ranohidtc. \vas 

linked through O-4. The >m;tll proportion of 3-dco~~-~-tneth)lacctamtdn-t.-f~tc~~se 

found tndicates that the Smith hydrolysis wa5 incomplctc. Again. the 7-acctamido-2- 

declxy-t,-m:lnnosylurontc actd restduc WI\ not accounted for in the an;tlysi>. Aftct 

four, successtvc carbo*yl-t-cductit,ns <II‘ the degraciecl lwlysaccharidc. irnlv _ SO”,, 

of the urontc acid residues had been rcduccd (Table I. cc)lumn C ). The 2-;tcctamtdo-2- 

deoxymannohc obtained on hydrolysts of thus tnatertal had the L) configurlition. 

The loL\ Lalue for the optical rotation of the dcgradcd polysacchartdc suggests 

that the 2-acetamido-3-dct,xy-r -f‘ucosc is z-linhecl and that the t\bc> r)-5ugar.s are /L 

linhed. That the former i$ Y-linhcd and pyranostdic IS e\idcnt from the “C-n.m.r. 

spectrum, tn which tho stgnal for C-l appears at (5 YY.4. The stgnal gilen by C-2. 

at 6 51.5, 1s nlw typical+ ‘I for ~-amino-3-dcr~?iy-r/-t~-g~tlactop~ rano~~tdc4. Of the 

tM,o other signals in the region for anomcric carbon\, that at & lo.?.-: \\a\ assigned 

to the 2-acetamid0-2-deo~~v-n-gl~tcop~ranos~I residue, ~\hich ~h~~ttld IX /i-linhcd. 

From the chemical shift of the third signal. ti 101.1. it could be rnferrcd that the 

2-acetamido-2-dcoxy-r)-~~i~t~~~io~ylLtronic acid IS pyranosidtc. but not \\hcthcr tt 1s 

X- or /j-linked. Thus proh1et-t~ \\as solved lw drtcrmintnp the ‘.I, ,, \;tlttc\, u htch \\crc 

I71 HL for the (5 YY.l stgnai and 1~3 HZ for the signals at d’ 101, I ;tnd I07.4. These 

values” demonstrate that t hc _7-acet:ttntdo-?-dcox!-r.-t’ttcop?t~ano,~l rcktdue I\ X- 

linhcd and Ihat the t\\o other sugar rcstd~~cs arc ii-ltnhcd 

Three signals for anomcric carbons tn the t3<‘-n.tn.r spcctt-um (11’ S 12A. at 

tj 96 2. 07 3. and YY.3, disappeared on Smtth degradation. From the \ZI/LIL’$ of’thcse 
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chemical shifts, it was concluded that the sugars eliminated by the degradation, two 

residues of D-glucose and one of 2-acetamido-2-deoxy-D-galactose, were all u-linked. 

This is also in agreement with the considerable shift in specific rotation, from [c(]~,~ 

-5 ’ to - 107 ‘, on Smith degradation. 

In the structural studies of S 12F, it was possible to selectively oxidise an a-~- 

galactopyranosyl group with periodate and eliminate it by Smith degradation. Of 

the sugar residues in S 12A which are oxidised by periodate, only the 2-acetamido-2- 

deoxy-U-D-galactopyranosyl group contains a pair of vicinal cis-hydroxyl groups, 

and a similar, partial Smith-degradation was therefore attempted. However, this 

could not be achieved, as this group and the a-D-glucopyranosyl group were oxidised 

at similar rates. Sugar analysis of the “polyalcohol”, in which all of the original 

2-acetamido-2-deoxy-D-galactose had been modified, gave 2-acetamido-2-deoxy-L- 

fucose, &glucose, 1,5-dideoxy-1,5-imino-D-mannitol, and 2-acetamido-2-deoxy-n- 

glucose in the relative proportions 1.0 :0.8 :0.4:0.8. Methylation analysis of the 

degraded product (Table I, column D), which had [LX]~~~ -55’ (water), demonstrated 

that O-3 in the 2-acetamido-2-deoxy-cc-L-fucopyranosyl residue had been exposed 

and that a considerable percentage of 2-linked D-glucose had been transformed into 

terminal D-glucose. Although it seemed likely that the 2-acetamido-2-deoxy-a-D- 

galactopyranosyl group is linked to O-3 of the 2-acetamido-2-deoxy-r-L-fucopyrano- 

syl residue and that a 2-0-a-D-glucopyranosyl-a-D-glucopyranosyl group is linked 

to the 2-acetamido-2-deoxy-D-D-mannopyranosyluronic acid residue, by analogy 

with the situation in S 12F, the evidence for this assumption is not conclusive. The 

13C-n.m.r. spectrum of the product is given in Table II, column C. 

Polysaccharide S 12A was also subjected to graded hydrolysis by treatments2*13 

first with liquid hydrogen fluoride at 20” for 3 h and then with aqueous acid under 

mild conditions. Two main oligomers, a neutral and an acidic disaccharide, were 

obtained, and were isolated by chromatography on DEAE-Sepharose. 

The neutral disaccharide was reduced with sodium borodeuteride, and the 

resulting disaccharide-alditol was purified by gel filtration on Sephadex G-l 5, followed 

by h.p.1.c. on a Dextropak column. This product, which had [c(]~~~ + 159” (water), 

was hydrolysed, reduced with sodium borohydride, and acetylated, giving equal 

parts of fully acetylated 2-amino-2-deoxy-D-gala&to1 and 2-amino-2-deoxy-L-fucitol- 

l-d. Methylation analysis of the disaccharide-alditol (Table I, column E) demonstrated 

that the 2-acetamido-2-deoxy-L-fucitol was linked through O-3. The optical rotation 

and the signal for the anomeric proton in the ‘H-n.m.r. spectrum at 6 5.10 (J,., 

4 Hz) confirmed the assignment of c[ configuration to the 2-amino-Zdeoxy-D-galacto- 

pyranosyl group. The neutral disaccharide consequently has structure 1 and this 

demonstrates the presence of the structural element 2 in the hexasaccharide repeating- 

unit. The other branch in the repeating-unit should therefore be a 2-O-a-D-ghco- 

pyranosyl-a-D-glucopyranosyl group. 
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r-D-GalyNAc-( I -+3)-t.-FUCNAC -t4)-x-L-FqNAc-( I -+ 

1 3 

r-I,-GalpN.Ac 2 

The acidic disaccharide was treated with hydrochloric acid and freeze-dried 

in order to transform it into the lactone. and the product was reduced \\Ith sodium 

borodeuteride and purified by chromatography on Scphadek G-1 5. This matcrlal, 

on acid hydrolysk, borohydride reduction. and acetylation . gaw cquai parts of‘ 2- 

acetamido-2-deoxq-t@ucitol and ?-acctamido-?-dcoxq-v-mannitol-/-t/-~-r/,. Me- 

thylation analysis (Table 1, CO~LIII~I~ F) further revealed that the ‘-acctamldo-~-deo\g- 

D-mannitoi is llrlhed through O-1. The [IA],,~ value of I.2 (water) and the signal 

for the anomeric proton in the ‘H-n.m.r. xpectrum, at ;i 4.65 (.I, .2 7 1 IT). conlirm 

the /I configuratron of the 2-acet~~mido-?-deoxy-t~-glucoyyra~i~~~yl re4duc. The acidic 

disaccharide is conseyucntly a pscudoaldobiourcltlic acid ha\,ing the structure 3. The 

identification of this component defines the structural clement 1 in S 17A: as the 

other side-chain. the 7-, _ ,tcetamtdo-‘-dec~xy-r-v-gal3ctopyl-3nsyl group had alrcad~ 

been located in structural element 2. 

I{-u-Glc/>NAc-( I -4)~D-M~~/INAcA 

3 

+3)-P-D-GkpNAc-( I -+~)-/JB-M~~~INA~A-( 1 -t 

X-D-c+/l-(i --t.!)-x-I,-Gk/, 

3 

A pseudoaldobiouronic acid derivative, which was carboxyl-reduced on treat- 

ment with sodium borohydride. was also formed on similar treatment of S I2F and 

the capsular polysaccharide from //ow~o~d~i/r~.v ir~~zrtwxrc type c’ I’. The product 

from the latter is identical with 3. 

The structural elements 2 and 4 contain all ofthecomponcnts of‘thc hexasacchar- 

ide repeating-unit. which conbequentlq ha!, structure 5. 

+-I)-rr-L-FucpNAc-( I --+? J-/I-D-GlcyNAc-( I ~4)-fi-~-Man/1NAcA-( I + 

3 3 
1‘ 7 

1 1 
cc-D-GalpNAc x-r,-Gly,-( I -+I)-a-rbGlcp 

5 
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Pertinent signals in the 13C-n.m.r. spectrum of S 12A and its degradation 

products are given in Table II. The assignments, some of which are tentative only, 

were made by using spectral data from review articles’0.“+‘5 and by comparison 

with spectra of polysaccharides containing similar or identical structural elements, 

namely S 1 2F2 and the capsular polysaccharides from Haemophilus injluenzae type e14 

and Escherichia coli type K7 ’ 6 The ‘H-n.m.r. spectra of S 12A and its degradation . 

products were also in agreement with the postulated structures. However, only 

pertinent signals in the spectra of the oligosaccharides 1 and 3 are reported above. 

Polysaccharide S 12F is also composed of hexasaccharide repeating-units (6); 

these have a structure closely related to that of S 12A (5). The only difference is that 

an a-D-galactopyranosyl group and a 2-acetamido-2-deoxy-P-D-galactopyranosyl 

residue in S 12F are replaced by a 2-acetamido-2-deoxy-cr-D-galactopyranosyl group 

and a 2-acetamido-2-deoxy-P-D-glucopyranosyl residue in S 12A. In other respects, 

namely, sugars, linkages, and anomeric configurations, the structures are identical. 

+4)-cc-L-FucpNAc-( l-+3)-/I-GalpNAc-(l-+4)-/3-D-ManpNAcA-( l-+ 

? i 
1 1 

cc-D-Galp cc-D-Glcp-(1 -+2)-a-D-Glcp 

6 

EXPERIMENTAL 

General methods. - For g.l.c., Hewlett-Packard 5830 and Perkin-Elmer 990 

instruments equipped with flame-ionisation detectors were used. Separations of 

monosaccharide derivatives were performed on glass-capillary columns (0.25 mm x 

25 m) of SE-30 or SP-1000. Separations of permethylated oligosaccharide-alditols 

were performed on a column (180 x 0.15 cm) of 3 ‘?‘, OV-17 at 230”. G.l.c.-m.s. 

was performed with a Varian MAT 31 I-SS 100 m.s.-computer system. For h.p.l.c., 

a Waters RCM-100 unit fitted with a Dextropak column was used. For n.m.r. 

spectroscopy, a JEOL FX-100 instrument operated in the pulsed F.t.-mode was 

used. Chemical shifts are given relative to external Me,Si (13C) and relative to the 

HDO peak at 6 4.16 (‘H, 85’). The ‘J,, values of Smith-degraded S 12A were 

determined by using an INEPT’ ’ pulse sequence. For treatment with liquid hydrogen 

fluoride, an apparatus (Type II) from Peninsula Laboratories, Inc. (P.O. Box 1111, 

San Carlos, CA 94070, U.S.A.) was used. Methods for sugar and methylation analyses 

have been describedzq6. 

Material. - S. pneumoniae type 12A was obtained from Dr. Robert Austrian 

(University of Pennsylvania). The organism was grown and the capsular polysacchar- 

ide isolated essentially as described earlier’ 8. Crude material (100 mg), which had 

Mi, > 106, was dissolved in water (4 mL) and loaded onto a column (2.5 x 40 cm) 

of DEAE-Sepharose CL 6B. The column was washed with water (300 mL) followed 



by a linear gradient of sodium chlortdc (0 do, I L ): S I ‘A was clutcd as a homogenc- 

ous peak. The appropriate fracttons wt’re combtned, dialyscd. and freeze-drtcd (89 

mg). In order to obtain :I more-soluble material. a solution of’s 134 (tdl 111g) in IX ‘I,, 

aqueous hydrogen kluortdc (5 mL) \vas Acnt at h for -IS h. TIC ~)lut1011 ii:;15 COII- 

centrated to dryness and ;I solution of‘ the residue in water was ftxxx-dried. /III 

aqueous solutton of the product \$a\ neutraliscd \vjth aqueou\ .sod~~tnl h>dr~~\tde and 

fractionated on a column (2.5 4 X0 ctn) of Scphadcu G-15 bc clution with \v;ttct-. 

The tnaterial (36 mg) elutrd tn the polymeric region was tsolatc‘d k-11 freerc-dryrng 

and had [xl;;, 5 (C I, kiarcr). The molecular bvcight (11‘ the material was detcr- 

tnined by gel filtratton’ ” on Sqharo~e CL bH. 

C~l,.ho.~!~l-,.c’ffLli(.ril)ll. Attempted c;tt.ba~yl-t-eductton of S I ?A, partially 

degraded S 1 ?A, and Stnith-degraded S I ?A (see below) U;I~ performed as described 

elsx herc2.-, 

.S/~itl~ c/c~,~t~~t/rtiotr ot S /2.4. --- S 13A (50 mg) M;IS disx)l\cd in eater (50 mL). 

and &turn mctaperiodate (330 mg) tn wtter (5 nlL) \\a$ added. The solution \t;th 

kept tn the dark at 6 for X dayh. Excess of pcriodnte U;IS rcducctl b\ith ethylene 

glycol (3 mL). thc niiuturc wa5 dialysccl and concenlrated to 25 tnL. and \odiuni 

borohydrtde (320 iiig) has added. After slirrtng at rootn tempcraturc overntght, 

cxccss of borohydrtdr M~S decomposed lvith WI,, acetic acid, 2nd the solution w;tb 

dialysed and freeze-drted (50 trig). Sugar analy~s cho~vcd chat vtrtually all of the 

7-acetamido-2-dcox~-[~-g~tl~ct~)~c was modtficd and that only tract\ of II-glucose 

rematned. The polyalcc~hol wxc hydrolyscd under mild cunl!tttc)n\ 1-18 I’(, aqueous 

hydrogen fluortde. h . 1 days) and the hydrolysate worhed-up a\ dcscrihed earlier-. 

The product (I6 mg) had [~x]~~, 107 (C 0.9. water). Part of this matcrtal was 

subjected to tnethqlation analysts (Table I, coiumn B). Another part (IO mg) nits 

carboxql-reduced (-I treatments) and then subjected to mcthylntion analysis (Table I. 

column C) and to sugar analysis (see text). 

J/odificd Stliitli-~k::‘i.CIL:(iti0t1. - To a solution of S I?A (15 mg) tn \\atet- 

(12 mL) was added a solution of sodium mctaperiodate (6X mg) III \\atcr (1 mL ). 

The mixture was kept tn the darh at 6’ for 2 h and then proccsacd as described above. 

Sugar analysis of the poly~lcohol shoued that all of the ‘-ac~tatntdn-‘-deoXy-t)- 

galactose had been tnoditicd and that _ X)“,, of the origtnal I)-glucose rcni~ined. 

The moditicd polysaccharide (7 mg). rccovercd :tftor tntld hydrol>sts \\ith acid (SW 

above). had [YJ;:, 52 (c, 0.3. water). Part of this material \L;I\ subfcctcd to 

methylation analysts (Table 1. column D). and another part to sugar ;tnaly\ts (see 

text ). 

Twutnmt qf' S /-7,-i II it/~ l~_~dw~m ffuorrtk. ~-- - Polysaccharide S I 2A ( IO0 mg) 

was treated with liquid hydrogen Huortdc ( 10 tnL). Afkr 3 h at rootn tcmpetrturc. 

the hydrogen fluoride w:t\ evaporated under diminished presiurc‘ and the rrsidur U;I~ 

treated with 5 “(, aqueous acettc acid for I h at room tcmperaturc. The \olution \V;IS 

concentrated to dryness, and a solution of the residue 111 \$ater U;IS t‘rwm-dried. The 

product *as applied to 3 column (I.5 x 75 cm) of DFAE-Scph,tro~;u CL c;B \bhtch 

was irrigated with water (100 mL) and then with 0.5~ ammonium hydrogencarbonate 
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(SO mL). The materia1 eluted with water (75 mg) was recovered by freeze-drying, 
reduced with sodium borodeuteride, and fractionated on a column (2.5 x 80 cm> 
of Sephadex G- 15 irrigated with water. The material (1.5 mg) eluted in the disaccharide 
region was further purified by h.p.1.c. on a Dextropak column (elution with water) 
to yield the alditol of 1 (5 mg), [E]& + 159” (c 0.3, water). Part of this material 
was subjected to sugar analysis, and another part was methylated and analysed by 
g.l.c.-m.s. The methylated product showed T,,,, 1.02 (retention time relative to 
methylated chitobi-itol). The mass spectrum of this compound showed, inter alia, 

peaks at ~$2 (relative intensities in brackets and some assignments2* in square 
brackets): 89(100), 101(64), 103(24), 129(88)[H], 131(68), 228(84)[aA,], 247(44) 
[bA,], and 260(76)[aA,]. Part of the methylated material was hydrolysed, and the 
product was converted into alditol acetates and analysed (Table I, column E). The 
material (42 mg) eluted from the DEAE-Sepharose column with ammonium hydrogen- 
carbonate was recovered by freeze-drying. A solution of this material (consisting of 
crude 3) in 0.5M hydrochloric acid (4 mL) was kept at 100” for 5 min. Hydrochloric 
acid was then removed by distillation in vacua at 20”; water was added at the be- 
ginning of the distil~atio~ in order to avoid a high concentration of acid. A solution 
of the product in water was freeze-dried, and the residue was reduced with sodium 
borodeuteride and purged on a column (2,5 x 80 cm) of Sephadex G-15 (ehrtion 
with water). The main component in the disaccharide region (i.e., reduced 3; 14 mg) 

had bI% - 12’ (c 0.4, water). Part of this material was subjected to sugar analysis, 
and another part was methylatcd and analysed by g,l.c.-m.s. The mcthylated product 

showed TCHl 0.96. Its mass spectrum showed, inter alia, peaks at mfz (relative in- 
tensities in brackets and some assignments in square brackets”): 89(100), 91(25), 
101(84), 129(52)[H], 131(46), 175(19), 228(51)[aA,], 260(37)[aA,], and 279(51) 
[bAr 1. Part of the methylated material was hydrolysed, and the product was con- 
verted into alditol acetates and analysed (Table I, column F). 
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