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ABSTRACT 

The structure of the repeatmg urnt of the capsular poIysacchande from 

hlebslefla type 41 has been mvestlgated by methylatlon anaiysls of the orlgmal and 
the carboxyl-reduced polymer, uromc acrd degradation, Smith degradation, and 
graded acid hydrolysis Proton- and 13C-n m r spectroscopy of the orlgnzal poly- 
sacchandc and of the fragments obiamed by various methods confirmed some 
structural features and allowed determmatlon of the anomeric configuratlon of the 

glycoadlc lmkages This polysaccharlde IS shown to have the followmg hepta- 
saccharlde repeatmg-umt 

-6)-~-~-Glcp-(I-3)-~-r-Rhap-(l-3)-?-~-Ga~~-(l-~)-l)-D-Galf-(l- 
3 
T 

Thrs IS the first polysaccharlde antigen K of the Hebuella series found to have seven 
sugar residues m Its repeatmg umt, and to contam a galactose residue m its furanose 
form 

INTRODUCTION 

Capsular polysaccharrdes from KIebslella have been classified mto several 
chemotypes accordmg to their sugar composltlon’ ’ The capsular polysaccharlde 
from kiebsrella type 41 IS one of the eleven strams that contam rhamnose, galactose, 
glucose, and glucuromc acid residues In addltlon, some of these contam pyruvlc 
acid aceta13 and acetyl substltuents 
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RESULTS AND DISCUSSION 

Chemnxl zzztesfzgatrons - The K41 poiysaccharlde was Isolated and purified by 
preclpltatlon 1~1th cetyltrlmethylarmnomum bromide, and It had [aID +23” An 
equivalent weight of about I050 \\as estimated by tltratlon with sodmm hydroxide 
Acrd hydrolysrs of the polysacchande showed the presence, m the neutral fraction, 
of rhamnose, galactose, and glucose m 1 1 3 molar proportlons, and of an aldo- 
blouromc acid whch, after carboxyl reduction followed by hydrolysis, gate glucose 
and galactose m 48 52 proportlon Acid hydrolysis of the carboxyl-reduced poly- 
sacchande” gave rhamnose, galactose, and glucose m 14 28 57 ratio These ratios 
mdlcate that the repeatmg umt of K41 comprises seven monosaccharide residues, 
namely, rhamnose, galactose, glucose, and glucuromc acid m the proportlons 
1 2 3 1, respectnely, as the glucose residue obtained after carboxyl reduction of the 
aldoblouromc acid \\as shown to arise from glucuromc acid (see later, methqlatlon 
analqsls) The ellstence of a heptasaccharlde repeatmg-unrt was aIso demonstrated by 
exammatlon of the anomerlc region of the ‘H-n m r and “C-n m r spectra (see 
n m r sectlon) The optlcal rotations of the sugars Isolated from the hydrolyzate, 
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estabhshed that galactose, glucose, and glucuromc acid had the D configuratlon, and 
rhamnose, the L. 

Methyl&Ion’ and subsequent hydrolysis, and g 1 c-m s analysls6 of the 
orlgmal polysacchande, gave the partially methylated neutral sugars shown m Table I 

(column A), together wth acldlc compounds that, upon carboxyl reduction followed 
by hydrolysis, ylelded two methylated sugars (Table I, column B) Reduction of the 
uroruc acid’ m the methylated K41 polysacchande, prior to hydrolysis, gave the 
compounds shown m column C of Table 1 These results confirm that the repeatmg 

umt IS a heptasaccharlde havmg one L-rhamnosyl residue hnked through O-3, one 
D-galactosyl residue lmked through O-3, one D-galactosyl residue lrnked through O-2 
and O-3, t\\o D-glucosyl residues hnked through O-6, one termmal D-glucosyl 
residue, and a glucuromc acid residue that was shown by methyl&Ion of the aldo- 
blouromc acid (see later) to be pyranosldlc and thus hnked through O-4 The results 
also mdlcate that, except for one D-galactofuranosyl residue, all of the other sugars 
are pyranosldlc 1 he presence of a 2,3,4,6-tetra-O-methyl-D-glucose derwatn e 
demonstrates that the repeatIn, m unit carries a side chain having a ternunal D-gluco- 

pyranosyl residue 5,6-Dl-O-methyl-D-galactofuranose, obtamed from the rnethj latlon 
analysis, IS unusual and \\as characterized b> comparison \\lth the synthetx com- 
pound’_ Its presence m the aidoblouromc acid ~110~s that It IS hnked to the glucu~oruc 
acid residue and that it IS also the btanch pomt of the side chLun 

2,3,4,6-Glc 1 00 1 00 
41 0’ 35 j= 

2.+Rha I 00 0 94 ‘5 6 
2,4 G-Gal 2 42 2 14 173 1-F I 21 6 
2,3,4-C&z 2 5-i 2 34 37 0 32 3 i3 4 
5,6-Gal 3 22 2 7s -1-i 4-l G II 3 19-l 
2 3-Glc GO7 465 554 70 

“2.3 1,6-Glc = 1,3-dI-O-acet~I-2,3,~,6-tctrd-O-mct~~~I-o-glucltoi, and so on bRctcntlon tnnt 
relatI\e to rhc akilt dCeEdtc derl\ntlkt of 2,3 ~,6-retra-O-mct~i~i-~-~~ucose ‘A, orignal polj- 
snccharIde. neutral sug.ws, B, orlgmal pol~sacchvIde, dchc su&rs (sx te\t) C, methLI,!tcd poI\- 
saccharlde subsequentI\ carbox> I-reduced and D, uromc acld-d-graded poi>sxchande WI:UCS 
obtatncd on coIumn A FQuant:t&lre dctermlnatton on column B equlmo1.w ratlo for 2 3 16GIc md 
2 4Rha 

Uromc acid degradation’ performed on the fully methylated K41 polysac- 
charade ylelded a polymer that was recowred by gel chromatography on Sephade\ 
LH-20 The IsoIatlon of a polymeric, degraded product mdlcates that the uroruc acid 
residue 1s contained m the side cham Hydrolysis of the degraded material, folloixed 
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by denvatlzatlon and g 1 c -m s analysis, gave the compounds shown In Table I, 

column D The results mdxated that /3-ehmmatlon caused the loss of one 2,3,4-tn-O- 
methyl-o-glucose residue and one tetra-O-methyl-D-glucose residue, and the D- 

glucuromc acid residue was decomposed As the uromc acid residue IS hnked dxectly 
to the galactofiwanose residue (see later), the srde cham IS thus constituted of the 
tnsacchande component 1 

~-Gl~p-(I+6)-~-Gfcp-(l4)-~-Gl~Ap-(f- (1) 

Partial hydrolysis of the K4I polysacchande (0 %I trlfluoroacetx acid, 30 mm, 
1003 and separation of acldlc and neutral components by Ion exchange ylelded a 
mixture of acldlc and neutral ohgomers Paper chromatography of the acldlc fraction 

afforded, among other products, the aldoblouromc acid 2, which \\as Ieduced wth 
sodmm borodeutende and then methylated and SubJected to g I c -m s analysts The 
fragmentation m mass spectrometry was as follows 

2331 1236 

f r 

I 
I CHDOMe 
, +______6E 

i 
C&Me f 

IHkOMc 

w 
j +____-_%? 

0 tCH 

Me0 OMe 
m*&;-----,35 

+------iTci 
0M.Z HCOMe 

+-----x5- CH.OMe 

The presence of peaks dt HZ/~ S9, 90, and 133 demonstrates that the galactitol 
resrdue IS hnked through O-3 AddItIonal ewdence for the structure of 2 \%as obtamed 
by exammatlon of the products of hydrolysis of the carboxyl-reduced methylated 

aldoblouromc acid which showed (after derlvatlzatlon and g 1 c -III s analysis) 
compounds correspondmg to 1,2,4,5,6-penta-O-methyl-D-gaiactltol deuterated on 
posmon 1, and to 2.3 4-tn-O-methyl-D-$ucrtol The btructure of the aldoblouromc 
acid mole& IS thus 

GlcAp-( I -3)-Gall (2) 

Separation of the m!\ture of neutral ollgomers by gel chromato,oraphy (BIo-Gel 

P-2), followed by purlficatlon on paper chromatography, gave two pure ollgomers, 3 

and 4 Reductron of compound 3, follo\\ed by hydrolysis and acetyIatIon, ,oa\e 
acetylated glucose and rhammtol m equlmolar proportlon According to the 
methylatlon-analysts data, this compound must thus be 

Glcp-( I--3)-Rhap 

On hydrolysis, compound 4 showed glucose as the only constituent 
accordmg to the results of uromc acid degradation, Its structure must be 

Glcp-(I-6)-Glcp 

(3) 

sugar, and 

(4) 
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AddItIonal evidence for the structures of ohgomers 2, 3, and 4 was obtamed 
from then- n m r spectra, which allowed determmatlon of then- anomerlc lmkages, as 
demonstrated later (see n m r study) 

Knowmg the structure of the side cham and the nature of the branch pomt, and 
m order to determme the sequence of sugar residues m the mam cham of the repeatmg 

umt, the polysaccharlde K41 was subjected to Smith degradation’ The penodate- 
oxldlzed product (S mol uptake) was reduced with sodmm borodeuterlde and 
hydrolyzed under nuld condmons Paper chromatography demonstrated the for- 
matlon of the ohgomer 5, hydrolysis of which showed glycerol. rhamnose arabmose 
and galactose, respectlkely, m equlmolar proportlon Compound 5 was permethylated 
and exammed by g 1 c -m s As the Smith-ohgosaccharlde contamed three different 

sugar derwatwes (one deouyhexose, one heLose, and one pentose), the fragmentation 
pattern demonstrated unambiguously the structures of the constituent sugar residues 
and their sequence In addltlon the presence of the deuterated glycerol moiety In 
compound 5 permuted confkmatron of the complete structure of the matn cham of 
the repeatInS umt 

The n m r study ot compound 5 (see later) cstabhshed the anomerrc con- 
hguratton of the ItnLages bet\\een the sugar restdues The structure of 5 IS thus 
estabhshed as 

~/-~-Rh~~-(I--~)-r-u-G~tI~-(1---I)-%-r-Ar~~-(1--1)-~l~ceroI (5) 

The results of the methylntlon analysis, the uroruc acid degradatton. together 

N tth the tsolntton of three oltgomers, and the Snuth degradation study, are compatrble 
\\ rth the final structure 6, wherein all of the anomertc configurattons were estabhshed 
by n m r spectroscopy ‘1s demonstrated In the second part of this report 

-6)-Y-u-Glc/)-( I-3)-Y-L-Rh‘tp-( 1 -3)~Y-D&&-( I-?)-/j-D-Galf-( I-* 
3 
i (6) 

P-D-Glcp-( I-6)-r-D-Glcp-( I4)-j%~-GlcAp 

X 111 t -specrt al ttti errtgcttrotr~ - For clant~ of the followng dlscusslon, the 
dtfferent sugar restdues constttuttve of the repeatm, D untt of K-41 are destgated as III 

F1g 1 (for mstance, H-IA \\III refer to the anomerrc proton of sugar A, C-I 4 to the 

anomenc carbon atom of sugar A, and so on The ‘H- and ’ 3C-n m r spectra 
obtamed for the orrgmal K-41 polysaccharrde are deprcted In FI,~ 2, and chemrcal 

shifts are given m Tables II dnd III 
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Fig 1 The repeatmg urnr of Kkbslella K41 capsuhx polysaccharlde 

TABLE II 

‘H-N M R DATA FOR h’Iebsrella K41 CAPSUL-\R POLlS+CCHARIDE AVD DERIVED OLICOSACCHARIDES 

Compound Rarlo of Proton Anomerrc 

1 nregrals assignnrent conJigara- 
IIO?Z 

OrtgmaI pol~sacchartde 
6)-a-A-( 1+3)-z-B-(1--3)-z-C-~ 1-+-2)-&D-( 1 --f 

3 
& 

/T-c-(1-6)-7-F-(*-4)-: 

Dtsaccharrde 4 

,&G-(1-+6)-F 

Dtsaccharrde 3 
a-A-(1+3)-B 

Aldobrortronrc ocrd 2 

&E-(1+3)-D’ 

Ohgosacchande from 
Smuh degradatron 5 

~-B-~l--t3)-x-C-(l+2)-r-D’-(I--rl)-gl~ceroI’ 

5 4s (4) 1 
5 22 1 
517(35-4) 1 

4 63 (S) - 1 
4 52 (S) 1 

43-45 z 

I 34 (6) 3 

5 23 0 35 

4 67 (8) 0 65 
451 (S) 0 35 

4 53 (S) 0 65 

5 1s 06 
5 II (4) 04 
5 10 (4) 06 
-1 S8 04 
1 31 (6) 
1 34 (6) 

517(35) 05 
4 60 (7 5) 1 
4 53 (3) 05 

5 23 1 
5 16 1 
5 10 I 

H-IF 01 
H-IB 5( 
H-IA r 
H-1C a 
H-ID 
H-IE ; 
H-1Ci B 
H-ZD 
H-3 D 
3H-6B 

H-IF a 
H-l F 
H-1G ;r 
H-IG /? 

H-IB a 
H-IA ac 
H-IA ac 
H-IB B 
H-6B ‘/ 
H-6B B 

H-ID d a 
H-IE 
H-ID” ; 

H-IB a 
H-ID” a 
H-IC a 

“In p p m wth TSP (sodmm 2,2,3,3-tetradeuterlo-4,-!-dtmethyl4siIapentdnoate) as the Internal 
standard rn D20 *Couplmg constants, when avaIlable, arc expressed m Hz ‘This giycosldx proton 
resonates as 2 doublets because of the anomerlc eqwhbrwm of the reducmg umt “In this aldoblo- 
uromc acid, the sugar D (galactofuranos>I) of the orrgmal polysaccharlde has become D’ (galacto- 
pyranose) ‘Sugar D (/?-o-galactofuranosyl) of the orIgI?al polysaccharlde has become D’ (a-r_- 
arabmosyl) after Smith degradation 

Y 
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13C-~ M R DATA FOR KIebsrella K-41 CAPSULAR POLYSACCHARIDE 

Clretttrcal sl@ (p p ttt ) Carbon asstgntttents Cottpltttg constants (Hz) 

187 75 

109 00 
10.5 50 
104 so 

104 45 
101 55 
10105 

99 50 
57 90 
56 10 
55 15 
79 90 
79 55 
78 8.5 

7s 70 
76 00 

75 90 
75 75 
74 60, 74 35, 74 IS, 
73 SO, 73 55 7295, 

72 70, 72 40 7120, 
71 95 

70 s5, 70 20 
65 75 
65 95 
63 75 
19 70 

C-6E 
C-1D 

C-IG 
C-1E 

C-IB 
c-IC 
C-1F 

C-IA 
C-7D 

C-3D 
C-4D 

1 

C-3B 

I 

C-3G C-5G c-3c 

C-4E 

C-7G 

C-6F 

C-6A 
C-6D 
C-6C C-6G 
C-6B 

‘&-ID II-ID 172 5 

lJc-lG WIG 160 15 
IJc--IE H-IE 160 0 
‘Jc-1e II-10 171 0 
lJc-lc H-1C 169 5 
‘fc-*F Ii-IF 171 0 

‘Jc-12, II-IA 1700 

‘k!D H-2D 

‘&JD tlJD 145-145 

‘Jc-a~ H-,D 

Tee l-able II footnote LI 

The 250-MH z, proton-n m r spectrum of the sodmm salt of the orgmal K41 

polysaccharlde” l1 at 90” m DzO showed characterlstlc resonances of the anomenc 
protons m the region b 4 3-5 5, together wth a doublet at 8 1 34 (“Js G 6 Hz) 
mtegratmg for 3 protons and correspondmg to the CH, group of rhamnose In the 

anomerlc region, four signals (mtegratmg for five protons) resonated beyond 5 p p m 
and could thus be expected to correspond to whnked sugar residues, Lbhereas the t\s o 
signals at 6 4 63 and 4 52, each mtegratmg for one proton and showmg a couplmg 
constant of 8 Hz, could be expected to correspond to P-lmked sugar residues The 
ratlo ofmtegrals ofthe latter signals was broadened by the presence between S 4 31 5 of 
two sgnals, very probably attributable to H-2 and H-3 of the galactofuranosyl residue’ 

The 62 84-MHz, ’ 3C-n m r spectrum of the sodium salt of the orlgmal K-41 

polysaccharlde at 70” m D20 showed, among other features, characterlstlc resonances 
of the carbon atom of a carbovyl group at 6 187 75 p p m , correspondmg to C-6 
of the glucuromc acid residue, together wth C-6 of the rhamnose residue resonatmg 
at S 19 65 The resonances m the anomerlc region clearly showed seven signals 

(Fg 2, Table TII) between 99 and 110 p p m Because of the varlatlons m the m- 
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tensltles of the signals m the 13C-n m r spectra recorded wth complete proton- 
decouplmg, an antI-gated experunent ’ 2 1 3 was necessary to a&eve better quantl- 
tatwe ratios m the resonance-mtensltles of all carbon atoms This afforded the most 
unambrguous demonstration of the heptasaccharldlc nature of the repeatmg umt of 
K-41 The ‘Jc,,H_l couplmgs were measured by the gated-decouplmg techruque and 

showed, m the anomerlc region, five couplmg values of - 170 Hz and two of - 160 HZ 
This observation, agam, could be expected to correspond to five z Imkages and two 

/I lmkages ’ 4, respectively, m the repeatmg umt This dlstmctlon between r and /3 
Imkages from the couplmg values IS restrlcted to pyranoses, as there IS a galacto- 

f2ranosldlc residue m the K-41 polysacchande, this mode of ldentd?catlon IS not 

rehable In fact, couplm, = values for furanosldes of L-arabmose” and D-galactose 

range between - 172 and - 17.5 Hz, according to the anomerlc configuratlons The 
n m r data for the anomerlc carbon atom of the methyl z- and /?-D-galactofuranosldes 

(‘Jc-I H-l - 175 Hz and !72 5 Hz, respectively’) allowed assgnment of the sgnal at 
b 109 00, ‘Jc_l fI_i 172 5 Hz, to the galactofuranose residue and then demonstration 

FABLE IV 

“C-u XI R DATA FOR OLIGOSACCHARIDES OBTAINED BY DEGR-XDITION FRO\* Kkbsrclln K-41 
C \PSULAR POLYSACCHARIDE 

Olrgosacclmrrde 3 

*-A-(/-3)-B 

d’ c n tslgrrtrrerlth 

Olrgosncclnmife 5 from 
Smrrlt ckgi-acicmon 
z-B-(Z-~)-Z-C-(I-~)-X-~~“- 
ylt cerol’ 
- 

r3’ c notyn/m?nt 

105 50 C-lci 98 25 C-IA, 109 15 c-i D- 
9s SO C-l F, 97 95 C-IAfi 105 10 C-IS 
95 00 C-IF, 96 30 C-lB, 101 55 c-IC 
75 75 1 C-3G 96 IO C- 1 Bl, 90 05 C-‘D” 
7s 50 C-5G so 20 C-3 B,, 95 95 C--ID 
79 50 C-3 F,, 75 IO C-3B. so 00 C-3D’ 

77 75 C-5 F,, 75 60 C-3A 77 90 1 c-3c 
76 95 C-2 F,, 7d 70 C-5& 75 15 
75 95 C-‘G 

75 55 C-3 F, 
7d 35 I C-IA 7-F 15 

7-l 05 C-5-i 73 55 
7-I 10 C-7 F, 73 10 73 25 

73 30 C-5F: 72 so 72 45 C-4F 7100 C--lA 72 15 1 71 10 
72 35 C-4G 
71 65 1 c-6F, 

71 10 70 45 
70 50 

51 55 c-6F. 70 15 

6105 1 C-SD 
63 S5 C-6C 

63 60 c-6G 62 91 C-64 19 65 C-6B 

19 65 C-6B, ,I 

“For ol~gosacchar~de 4, S values were reLorded xx ;th TSP as mtunal reference For ohgosaccharlde 3 
md ohgosaccharlde from Smith degradation d \.dues \\ere recalculated \\lrh respect to the sl,nai 

of C-6 of r-rhamnose at b = T IS O/Me~S;‘* nameI>, + 19 65/TSP bThe dlffcrentlatlon bet\\Lcn the 
7 and J3 forms n& evident as the) \!ere III 2 1 ratlo, respecwelq, as eswbhshtd from the corrt~pondw 
proton n m r spectrum c D” corresponds to the drabmoturanosyl group, iec Table II, footnote 
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its /3 configuratlon As a result, It may be seen that there are four CL hnkages and three 
p linkages m the repeatmg umt of the K-41 polysaccharide The preceding indicates 
the need for care m the mterprptatlon of the ‘H- and “C-n m I spectra of a poly- 
saccharlde, knowledge of the I ,entltles of the different sugar residues and of their 

conformations IS necessary 
In order to establish the anomerxc confi,ouratlon of all linkages m the repeating 

unit of K-41 and to confirm some structural features already ascribed by chemical 
evidence, a detallea n m r mvestlgatlon of the available ohgomenc fragments was 
performed The corresponding proton- and ’ 3C-n m r data are gwen m Tables II and 

IV, respectively 
The disaccharide 4, estabhshed by methylatlon analysis to be a glucopyranosyl- 

(I -+6)-&xcopyranose, showed Its anomenc-proton resonances at S 4 51 and 4 53, 
wth couphng constants of S Hz (see Table II note c) mdlcatmg a /; hnkage Both the 
‘H and 13C spectra were mdlstmgulshable from those of an authentic sample of 
gentloblose These data allo\\ed the assignments of the mam signals belonging to the 
,olucose residue (G) m the spectra of the poiysaccharide (Tables II and IV) 

The ohgosacchalIde 3, identified as glucopyranosql-(l-+3)-rhamnose by 
chemical analysis as already described,, showed signals characterlstlc of an Y lmkage 
at 6 5 12 and 5 10 (J 4 Hz), and at S 98 25 and 97 95, m the ‘H- and ’ 3C-spectra, 
respectively (Tables II and IV, note c) Although these chemical shifts are not m exact 
agreement nlth those obtained for the origIna polysacchande, the characterlstx 
signals correspondmg to residues A and B may be assigned m the spectra of K-41 

Smith degradation of the K-41 polysaccharlde prowled the tnsacchande- 
glycerol denvatl\e 5 [rhamnopyranosyl-(1 j3)-_ra!actoorranos~l-(1+2)-arabmo- 
furanosylglycerol [-B-(143)-C-( 142)-D ‘-glycerol] described m the chemxal m- 
\estlgatxon The anomerIc region of the ‘H-n m r spectrum showed three signals, at 
6 5 21 5 16, and 5 10, demonstlatmg that the rhamnos>l and the galactopqranosyl 
residues ha\e the x configuration No defimte conclusion could be drawn for the 
arabmofuranosyl residue, as the resonance frequencies of the r and 0 anomers are too 
ciose * ’ Ho\\ e\ er, the I 3C spectrum allov ed a more accurate assignment of the 
anomerlc carbon atoms, which resonated at b 109 15, 105 10, and 101 55 The 
anomeric carbon atom resonating at lo\\eer field may then be ascrlbed to an x-Imked 
r-arabmosyl giollp’ 5, thus correspondmg to the ,‘?-wgalactofuranosyl residue (D) of 
the ongmal pol>saccharxde The ti\o other signals (6 105 10 and 101 55) are assigned 
to the r-rhamnopyranosyl (B) and D-galactopyranosyl (C) residues, respectlvely, then- 
6 values bem,o in good agreement \\lth those m the correspondmg orlgmal poly- 
saccharlde (Tables III and XV) It IS note\\orthy that the chemical stifts of C-3 and 
C-4 of the furanosldlc arabmose and galactose residues show a strong downfield shift 
as compared wth the usual chemical shrfts of the correspondrng carbon atoms of the 
pi ranosldlc sugars This IS clearly show n In the spectrum of the oltgosaccharxde, and 

It 1s thus possible to assIgn the carbon frequencies at S 90 05 and 85 95 to C-2 and 
C-4, respecti\eely, of the arabmofuranose residue Slmllarly, by usmg the 13C-n rn r 

spectroscopic data obtamed for the model compound (methyl I&3-dl-O-benzyl$-D- 
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Table III, among whch the most readdy avadabie are those of the free and the lmked 
C-6 The n m r data for the Isolated ohgosaccharldes and the correspondmg residues 
when they are engaged m the native polysacchande are not always m perfect 

agreement’ ‘, as may be expected because of envlronimental effects and posslbIe 
changes m the overall conformatlon The rmg-carbon atoms mvolved m mter- 
glycosIdlc lmkages are usually expected to resonate between 78 and 90 p p m 
However, durmg this mvestlgatlon, we noted that ths region should be Interpreted 
cautiously; the spectrum of the K41 polysaccharlde also shows C-4 of the galacto- 

furanosldlc residue m addmon to the aforementioned unsubstltuted carbon atoms 
(see Table III) 

EXPERIMENTAL 

Getter al tnetlmh - Analytlcal paper chromatography was performed on 
Whatman No 1 paper, and Whatman No 3 MIM was used for prepnratlve purposes 

the followmg solvent systems (v/v) were used (A) S 2 1 ethyl acetate-pyndme-water 
(B) 18 3 1 4 ethyl acetate-acetlc acid-formic acid-water, (C) 10 4 3 ethyl acetate- 
pyndme-water, and (D) 2 1 1 1 -butanol-acetrc acrd-nater Chromatograms \\eere 
developed with sliver mtrate G 1 c analyses were performed on a Packard-Becker 417 
Instrument fitted with dual flame-lomzatlon detectors Peak areas \\ere measured 
with a Hewlett-Packard 3380 A dIgIta integrator Glass columns (3 175 mm o d ) 
were used, with a carrier-gas flow-rate of 60 ml/mm Columns were (A) 3% of 
ECNSS-M on Gas Chrom Q (100-120 mesh) at 180’ (for aldltol acetates) or 150” 

(for partlaliy methylated aldltol acetates), (B) 3Oo of OV-225 on Chromosorb WAW- / 

DMCS (loo-210 mesh) at 150’ (for partially methylated aldltol acetates), and (C) 2% 
XE-60 on the same support (for ohgosaccharlde denvatlves) G 1 c-m s was 

performed on a Glrdel 3000 chromatograph coupled to an AEI MS-30 mass spec- 
trometer Spectra were recorded at 70 eV with an lomzatron current of 100 jcA and 
an Ion-source temperature of 100” 

isoiatron of the poll saccharrde frotn Klebslella K-+1 - A culture of i\‘ehslelkr 
K41 was obtamed from Dr I 0rskov, Copenhagen, and i\as grown on 4 I of 
Standard I Nutrient Agar Merck, No 7881, for 4 days at 30” The cells and mucus 
were harvested, and diluted \\Ith 400 ml of water contammg 1% of phenol The 
suspensxon was centrifuged for 1 h at 29,000 r p m m a Beckman Spmco L 50 
ultracentnfuge eqmpped with a tltamum R30 rotor The clear supernatant solution 
was concentrated to -200 ml and poured into ethanol (1 I), and the crude poly- 
saccharlde was redissolved m water, preclpttated ulth 3% Cetnvlon, redissolved m 
2u sodmm chloride (100 ml), and reprecrpltated by ethanol (600 ml) The punfied 
polysaccharlde was then dissolved m dlstllled water (200 ml), delomzed with Amber- 
hte IR-120(Ht) resm dialyzed and freeze-dried, to yield about 1 g of the poly- 
sacchande, [Y]~ +22 7” (c 2 2, water) equivalent \\elght by sodmm hydroxide 
tltratlon - 1050 
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charade (20 mg) m 72% sulfuric acid (0 30 ml) was drluted to 2~1 and kept for 6 h at 
100" After neutrahzatlon with barmm carbonate, one portlon of the hydrolyzate was 
separated mto neutral and acrdlc fractions by usmg Ion-exchange resms (Amberhte 
TR-120 and Amberhte IR-45) The neutral sugars were converted rnto their aldltol 
acetates and exammed m g 1 c (column A) and found to contam rhamnose, galactose, 
and glucose m the ratlo 1 00 0 98 2 93 The neutral sugars were Isolated by preparatwe 
paper-chromatography (solvent A) and their optlcal rotations measured (c I, water) 
o-glucose, [Y] A0 +45” D-galactose, b]io +40” (m p 165”) and r-rhamnose 

The acldlc fraction gave essentially one compound In paper chromatopraphb 
(solvent 8, RcIc 0 28), correspondmg to the aldoblouronlc acid 2 Esterificatlon ~11th 

methanol containing 1% of hydrogen chloride, followed by reduction with 1lthu.m~ 
borohydrlde and subsequent hydrolysis (2~ trlfluoroacetlc acid, 3 h IOO”), gave 

glucose and galactose m equal amounts, as determmed by g I c of their aldltol 

acetates A second portlon of the hydrolyzate of K41 was successively esterlfied 

reduced, and then lehydrolyzed by the precedmg procedure, and the total neutral 
sugars were exammed by g I c of theu- aldltol acetate\ Rhamnose galactose, and 
glucose were found m the ratro of 1 I 96 3 97 

Cat boxy1 rerhtcttotz of the ttatxe poll saccltat de - Tlus reduction was achieved 
by t\\o consecutive treatments by the procedure of Taylor and Conrad3 

Met/tJ fatrotz attabus - Methylatlon of K41 under the Hakomor!’ condItlons 
followed by t\\ o consecutive Purdle treatments” , ylelded a product that showed no 
hydrovyl absorption m the I r spectrum Hydrolysis by sulfuric acid under the 
precedmg condmons, dnd separation of the neutral and acldlc constituents on Ion- 
exchange resms, gave the results shown m Table I, column A, for the neutral sugars 
successive estenficatlon, reduction, and rehydrolysls of the ncrdlc fraction gave the 

results shown m Table I, column B 
A portlon of the permethylated polysaccharlde was reduced overnight with 

hthlum alummmm hqdl Ide In bollmg tetrahydrofuran SuccessI\e hydrolysis 
Ieductlon, and acetylatlon gave the results shown In Ta’ble I column C 

(It otttc acrd degt adartotr of metIt lated poh sacchat de6 - The permethylated 

polysaccharIde (55 mg) was dissolved m a mllture (12 ml) of methyl sulfoxlde and 
2,2-dlmethoxvpropane (I9 1) and the solution was kept m an ultrasomc bath for 
30 min Methyisulfinyl carbamon m methI sulfovlde (2x1, 6 ml) was then added and 
the mlkture was kept for 18 h at room temperature, after whxch time It was neutrahzed 
111th 50% ace&c acid. and then diluted \lth \\ater and extracted with chloroform 

The chloroform extracts \\ere nashed with nater and e\ aporated The recovered 
material was submltted to mild hydrolysis with 50% aqueous acetlc acid (I 5 ml) fol 

1 11 at 100” A portron (5 mg) of the degraded material was dissolved m a mMure 
(5 ml) of I ,4-dloxane-ethanol (S 3) and reduced overmght \i Ith sodium borodeuterlde 
(5 mg) After neutrahzatlon with Dowex-50 (H’) resm and evaporation, methanol 
\\as repeatedly re-evaporated from the residue to remobe the borate The degraded 
matella was then purified on a column (58 x 2 5 cm) of Sephadex LH-20 by elutlon 
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wth acetone The elutlon was momtored by the phenol-sulfurrc acid methodz4, the 
mam product (31 mg) bemg eluted wth the void volume (60 ml) This fraction was 
evaporated, the residue hydrolyzed, and the partially methylated sugars exammed by 

g 1 c -m s of their aldltol acetates (Table I, column D) 
When the evpenment \\as repeated, the gel filtration on a column of Sephadex 

LH-20 was replaced by dlalysls of the degraded matena1, m order to recover the 

polymenc matenal 
Pnr td A_I dt-011 SLY of the pol_~ sacclm-me - The native K41 polysaccharlde 

(250 ms) v as parttaIl> hydrolyzed by trlfluoroacetlc acid (0 51, 30 ml) for 30 mm at 
IOO”, and then dialyzed agamst dwelled nater The non-dlalyzable material \\as 
rehydrolyzed under the same condltlons The hydrolqzate and dialyzate were 
combmed and then separated mto neutral and acldlc fractions on Ion-exchange 

resins 
The neutral fraction gave several components m paper chromatography 

(so!vent C) The Loinpounds migraun, m III the zone for dlsaccharldes \\eere eluted from 
the papel -4 second chromatogtaphw separJtlon (solvent C) gave ohgomers 3 (17 mg, 

R Glc 1 214) and 4 (24 rng R Glr 0 545) A portion (5 mg) of each ollgosacchande was 
hydrolyzed m sulfuric acid (0 511, 1 ml, I h, IOU’), and then the h]drol>zates \\ ere 
neutrahzed and examined by g 1 c as their aldltol acetates Compound 3 sho\\ed 
giucrtol ana rhammtol acetates m equal proportlons, and compound 4 showed only 
glucltol acetate A portron (5 mg) of dlsaccharlde 3 was reduced wth sodmm boro- 
hldrlde (5 mg) and then hqdlolyzed as before and acetylated G 1 c of the products 

showed acetylated glucose and rhammtol m eqwmolar proportions 
The acldlc fraction \\as analyzed by paper chromatography In solvent B, and 

the two mam components \\cre isolated by using solvent system D The aldoblo- 
uromc acid 2 (7 mg, R,,,, 0 236. sokent 0) was reduced wth sodmm borodeuterlde 
(10 mg) and then permetllyIated b> the Hahomorl procedure, a part \\as subjected to 
g 1 c-m s analysis (column contalntng Z”/, of XE 60 at 190”) The mass spectrum 
sho\\ed, among other details peaks xt HZ/C -!5,46, S9,90, 133, 169, 172,233,236,296, 
396 and 440 (h4--45) Carbokyl reductloli and hqdrolysls of the permethylated 
compound and then derll atlzatlon as the aldltol acetates sho\\ed m g 1 c -m s 
(column B) the presence m eqwmolar amounts of acet>lnted 2,3,4-trl-O-methyl- 
o-glucltol and I 3 4 5,6-penta-O-gaiactltoi deuterated at C-l 

The second compound created as for 2, was sho\\n to correspond to a tetra- 
sacchande, but v,as still Impare and was not further studled 

Perrodnte osrrirrt~on of the poI~ sncdwr de - Polysaccharlde K4i (350 mg) was 
dissolved m dlstllled water (50 ml), and sodrum meraperlodate (0 lar, 50 ml) was 
added The solution x as kept m the dark at Y, and the penooate consumption was 
measured at mtemals acccrdmg to Aspmall and FernerZs After 70 h, 1 2 mol of 

perlodate per sugar res:due had been consumed After the addmon of ethylene glqcol 
(2 ml) and dlaiqsls, the recovered material nas reduced wth sodium borohqdnde 
(300 mg) The reduced polyalcohol \\as hydrolyzed wth sulfuric acid (0 5x1, 6 h, iO0”) 
and the products xtere con\ erted mto their aldltol acetates G 1 c analysis (column A) 
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showed, among other details, acetylated rhamrutol, galactitol, and arabnutol m the 
ratio 1 1 1 

S~~zzllz degradatzoiz of tlze polysacclzarzde - The polysaccharlde (250 mg) was 
oxldlzed as before, and then reduced wth sodium borodeuterlde and subsequently 

hydrolyzed wth sulfuric acid (0 %I, overnight, room temperature) The partially 
hydrolyzed material was separated on preparative paper-chromatography (solvent 0) 
and gave the ohgomer 5 (30 mg, RGlc 0 451) Compound 5 was permethylated as 
before and subjected to g 1 c-m s in a column containmg 3?‘0 of DEXSIL at a 
temperature programmed from 180-320” (at 4’ per mm) The mass spectrum shoned 
slgmficant peaks at 122/e 59 71, 72, SS, S9, 99, 101, 104, 113, 125, 145, 157, 173, 1S7, 
1 S9,219,235,265,325,361,393,469,529, and 554 

N 111 r spectt oscop~ - The ’ H- and 13C-n m r spectra were recorded \\lth ;1 
CAMECA 250 spectrometer, with D20 as solvent The ‘H-n m r spectra (250 MHz) 
1% ere recorded I0 at 90’ using 5-mm o d tubes The ’ 3C-n m r spectra were recorded 
111 5-mm tubes for ohgosaccharIdes and S-mm tubes for the polymers (- 50 mg In 
1 5 ml of D20) at 701 Chemical shl’its (S values) \\ere measured relatl\e to sodium 
2,2,3,Metr~deuter lo--F,4-dunethyl--Mlapentanoate (TSP) as mternal reference 

Normal 13C spectra \\eere recorded 111th complcte proton decouplmg at 62 SG RI l-17 

n Ith a spectrometer equipped \\ Ith Four~el transfol 111 (spectral wndon s of 300 p p m 
,md dlgltahzatlon mto 12,000 d&a points) pulse \iIdtlz 10 [rscc (-70 ) and mterkal 
beween the pulses 0 6 set (correspondmg to the acqulsltlon tlrne) 

Couplnzg constants were determined wth a gated ‘l-1 decoupler sequence to 

retam nuclear Overhauser enhancements (mterbal bet\\een the pulses 1 6 set, de- 

couphng tulle 1 0 set) For off-reson;lnce expenments, Irt adtdtlon \\ as effected at the 
‘H resonance frequency of TSP In the anti-g&ted evpernnents, the protons l%ele 
Irradiated durrng the acquwtron tune (0 6 set) foiloned by a 5-set deln) wthout 

Irradlatlon’ ’ The selective, heteronuclerrr, double-n-radlatlon spectra were obtnmed 
b) apphcatlon of a contmuous \\ave of fiked frequency and \\~th 2 neak field of -0 1 

Gauss 
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