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ABSTRACT 

The acidic polysaccharide secreted by Rhizobium phaseoli strain 127 K87 was 

analyzed and found to have the structure shown on page 170. Each ofthe glycosyl 

residues was determined to be in the D configuration and in the pyranoid ring-form. 

The repeating unit of 11 glycosyl residues and 1 pyruvic acetal group is the largest 

yet found in any bacteria1 polysaccharide. The structures of the acidic polysac- 

charides secreted by four strains of R. phaseoli, namely, 127 K36, 127 K38, 127 

K44, and 127 K87, have now been determined. The polysaccharides of all four st- 

rains have been found to be structurally distinct, although they possess certain 

structural features in common. 

INTRODUCTION 

Investigations previously reportedlp3 demonstrated that the acidic polysac- 

charides secreted by three strains of Rhizobium phaseoli (127 K36. 127 K38, and 

127 K44) have structures that differ from each other, although they share certain 

structural features in common. The repeating units of these polysaccharides vary in 

size, having 8, 10, and 9 glycosyl residues, respectively. We here describe structural 

analysis of the acidic polysaccharide secreted by a fourth strain of R. phaseoli (127 
K87), a polysaccharide whose structure differs from all three R. phaseofi polysac- 

charides previously studied. 
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EXPERIMENTAL 

Rhizohiurn phusroli strain I27 K87 was obtained from Dr. J. Burton, Nltra- 

gin Company. Milwaukee. WI. Experiments were performed to confirm that strain 

127 K87 is capable of nodulating bean plants. The acidic polysaccharidr secreted bb 

strain 127 K87 was punfied. and structurally characterized. hv procedures de- 

scribed previously’,’ ‘, or referred to in the Results section 

Cbmposiriorl of tlzr pol~srrccharidr. - The glycosyl composition was deter- 

mined as described2. Galactosyl, glucosyluronic acid. and glucosyl rrslducs art‘ pre- 
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TABLE I 

GLYCOSYL-LINKAGE COMPOSITION OF THE ACIDIC POLYSACCHARIDE SECRETED BY Rhizobium phaseoli 
STRAIN 127 K87” 

Glycosyl 
residues 

Positions of 
O-methyl 
groups 

R.t.’ Sample” 

A B 
(mol %) 

Glucosyl 2,3,6 0.69 36 30 
Glucosyl 2,334 0.72 13 9 
Galactosyl 2,3,4 0.76 15 18 
Galactosyl 26 0.77 12 9 
Glucosyl 2,3 0.84 14 34 

‘Sample A was 0-methylated and hydrolyzed, and the resultmg, partially 0methyiated aldoses were 
reduced (NaBD4), and the alditols acetylated. Sample B was 0methylated, carhoxyl-reduced 

(LiAID4), and hydrolyzed, and the resulting, partially 0-methylated aldoses were reduced (NaBD,), 
and the alditols acetylated. ‘Retention time relative to myo-inositol hexaacetate on a 10-m, SP-2100 
capillary column, programmed from 150 to 240” at 4”/min. 

sent in this polysaccharide in the ratios of -1: 1:2. All of the glycosyl constituents 

were shown to be in the D configuration’,5. 

Determination of pyruvic and acetic acid substituents by calorimetric 

method&’ gave values of 4.0 and 6.8%, respectively. After the size of the repeat- 

ing unit had been defined (see later), these values were calculated to be equivalent 

to 0.94 mol of pyruvic acid and 3.2 mol of acetic acid per repeating unit. 

Glycosyl-linkage composition of the polysaccharide. - The polysaccharide 

was successively methylated, hydrolyzed, reduced, and acetylated2, and found to 

contain (l&4)-linked, (l&6)-linked, and 4,6-di-O-substituted glucosyl residues, 

and (l&6)-linked and 3,4-di-O-substituted galactosyl residues (see Table I, column 

A). Carboxyl reduction 2~8 of the glucosyluronic acid residues of the O-methyl- 

ated polysaccharide led to an increased proportion of 4,6-di-O-substituted glucosyl 

residues (Table I, column B). These data suggest a lo- or 11-glycosyl-residue re- 

peating-unit composed of three (l&4)-linked glucosyl, one (l&6)-linked glucosyl, 

two (l-+6)-linked galactosyl, one 3,4-di-O-substituted galactosyl, one 4,6-di-O- 
substituted glucosyl, and two, or three, (l-+4)-linked glucosyluronic acid residues. 

The size of the repeating unit was rigorously shown to be 11, and the number of 

(1+4)-linked glucosyluronic acid residues to be 3, by the experiments to be de- 

scribed. 

Base-catalyzed degradation of glucosyluronic acid residues. - The O-me- 

thylated polysaccharide was degraded by base-catalyzed elimination reactions3r9. 

The procedure included 0-ethylation of hydroxyl groups freed by the elimination 

reactions. The products of the reactions were separated by 3.5-MPa liquid 

chromatography (IX.) using a refractive-index monitor. Two major, carbohydrate- 

containing peaks were detected. The peaks yielded identical electron impact (e.i.) 

spectra when analyzed by mass spectrometry (m.s.) using a direct-inlet probe. The 
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mass spectrum of the two peaks IS consistent with that expected of the methyl CY- 

and /?-glycosidrs of the tctrasaccharlde shown In Table II. The ttxmation ‘of a 

methyl glycoside by this procedure has been previously discusseci’ 

Further analyGs ot ctnr of the I.c.-purified. tetrasaccharide methyl glycoside~ 

by gas-liquid chromatography (g.l.c )-c.l.-m.s. established the essential purity 01 

the polysaccharidr degradation-product. showing a single g l.c. peak eluted with a 

retention time consistent with that of :I tetrasaccharide fragment (K t 10.35 min). 

Diagnostic fragment-ions of the c.i.-mass spectrum arc given tn Talk IT 

An aliquot of the 1 c.-purtlicd tctrasaccharide methyl gI\-cnxtdc was hydra- 

lyzed with ?M trifluoroacetic acid (TFA) for 1 h at 110”. the sugars utx reduced 

(NaRD,). the alditois acctylated. and the partially O-meth>lated. partlall! C)- 

ethylated alditol acetate constituents analyzed by g.1.c. and g.l.c.--m.s. This procc- 

dure yielded the partially 0alkylateti alditol acetates resulting from two terminal. 

originally (I+-!)-linked. glucosyl residues, one internal ( L-4)-linked glucosyl re- 

sidue, and one 4.6di-0suhstituttxi glucosyl residue. The tetrasacchartdc structure 

presented in Table II wax thus established, except for one ambiguity. J‘he data pre- 

sented are consistent with both the structure presented in Table II and another 

structure that differs by ha\ing the glucosyl rcsiducs that arc attached to O-4 and 

O-6 of the branched glucosyl residue reversal. so that glucos)I residue b is at- 

tached to O-6 and glucosyl residue b to O-4. The authenticlt!, of the srructurc prc- 

sented in Table 11 was established bv the isolation and chnracttlri7atton of trisac- 

charide oligosaccharides [h] and [,i] (s;e data given and Fig. 3) 



HOST-SY~BIO~T INTERACTIONS. PART XIII 



174 



G
 L

 c
 
K
t
l
‘
t
N
I
I
O
N
-
T
I
M
E
S
.
A
U
D
 D
I
A
G
N
O
S
T
I
C
 
I
O
N
S
O
B
T
A
l
N
t
D
 
B
y
 t
 1
4
 
s
 .
O
b
 P
A
R
I
‘
I
A
L
L
Y
 0
M
E
T
H
'
I
L
A
T
~
D
,
P
A
R
T
I
A
I
.
I
.
Y
 
O
-
~
~
~
I
‘
H
~
I
.
A
~
~
D
~
‘
~
I
K
A
S
A
C
C
H
A
R
I
D
E
-
A
I
.
D
I
T
O
I
.
S
 

D
E
-
 

R
I
V
E
D
F
R
O
M
 

IH
I:A

C
ID

IC
P

O
I 

yS
AC

CH
AR

ID
I:S

f:C
RF

TI
DB

Y 
R

hi
zo

hi
um

ph
as

eo
li

 
S
T
R
A
I
N
 1
2
7
 K

87
 

O
li

go
sa

cc
ha

ri
de

 
Fr

ug
rn

en
th

 
R

.t
.’ 

E
tk

+3
G

lc
~4

G
lc

A
~4

G
lc

A
~4

G
lc

+ 
lq

l 
22

.3
0 

6 t 
E

t c 
b 

a 
E

t-
t4

G
lc

A
-4

G
lc

~4
G

lc
+ 

; 
E

t-
&

k 
b’

 

[m
l 

22
.2

5 

“m
cS

ee
 

fo
ot

no
te

s 
u-

-c
 t

o 
T

ab
le

 
II

I.
 

E
le

ct
ro

n-
im

pa
ct

 
m

as
s-

sp
ec

tr
al

 f
ra

gm
en

t-
io

ns
” 

aJ
2 

26
4 

(1
W

 

aJ
1 

32
4 

(6
.0

) 

ab
Jz

 

4x
4 

(0
.8

) 

ab
Jz

 
ab

l, 

48
2 

54
2 

(1
0)

 
(6

.6
) 

cb
A

 , 

45
3 

(4
.1

) 

ab
J,

 
dc

A
 ,

 
dc

A
: 

54
4 

(0
.6

) 

cb
A

z 

42
1 

(2
.5

) 

46
7 

43
.5

 

(0
.7

) 
(0

.2
) 

C
A

I 
C

A
? 

24
9 

21
7 

(5
.5

) 
(1

00
) 

b 2 2 v)
 

dA
, 

dA
z 

ab
cJ

, 
g 

24
7 

21
5 

76
4 

T
: 

(7
.4

) 
(9

6 
7)

 
(0

.7
) 

2 

b’
A

, 

23
3 

(9
.6

) 



fiorz. - The polysxchnridc wx, per-(I-methylated. :tnd the nwthyi-csteritkd cx- 

boxy1 groups of the glucosyluronic acid residutz\ WCI’C reduced lvith lithium 

aluminum deuteride. as previously dcscrihed”. The product u ;IS trc,itcd with XX’ r 

formic acid, for 90 min at SO’. and the mixture of partialI> O-mc’thyl;~ted <>ligosac- 

charides produced was converted Into partlall> O-methylated. pirtlall! o-cth!!- 

ated oligosaccharlde-aldit~ls~~ these were tractionated t’! 1.~ on ;I Br~~v,nlc~ 

Sphcri-5 RP-IX column. uring 3 n~ss spectrometer il\ the dctcctor. A\ pre\~~~~l~l\~ 

described’. The locations of the partially per-Cl-;tlkylatcd ol*go~a~ci,arld~-~,ld,t~,~s 

in the l.c. fractions were cletcrmined bv reconstructed, xlcctcd-ion cil10m;lt0~ril~114 

of the (M + 1) Ions of :111 theoretically possible d-. tri-. :ind t~tr;l-~;tc~harrci~-al- 

ditols. The possible (M + I) ions wt’rc calculated from the gl>co\yl-linhage com- 

position (see Table I j. Rlan~ of the fractions collcctcd after l.c. c>n the Sphcrl-S col- 

umn were still complex mixtures of per-O-alhvlated ~~ligi,xa~ih;lrrd~-~tlciitolx. I‘hr4~ 

frxtlons were comhintxl, and rechromatogr~.plph~d t>y 1.c on ;I Wha~m;tn Partlsil 5 

(IDS C-IS column. using ;I rcl’ractive index monitor 3s the dctectol The purificct 

fractions were then analyxd hq’ g.1.c. +.I.-m.<. 

Fragment [o] 

-EtOH -MeOH 
389 t-435 -467 c. CHDOEt 

(2 8! (33) !9b) i I 
I HCOMe 
1 

$HzOEt 1 C;D,OEt ’ 
I 

Mf?O$H 

I 

Fragmeni [r] 

i 
CD20Et CD20Ef 

.to&o&;k 

GMe / Me0 
I 

-MeOH I 
217- 2494 469 
(501 (50) (12) 

I I 

I ’ +2H 
J +296 

(13) 

CHDOEt 

+b!+ 
F 764 

! $0 , 

+H+ 
-968 

141 
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Seven per-0-alkylated disaccharide-alditols (see Table III), four per-O- 

alkylated trisaccharide-alditols (see Table IV), and two per-0-alkylated tetrasac- 

charide-alditols (see Table V) were thus identified. In addition to these per-o-alky- 

Iated oligosaccharide-alditols, another per-0-alkylated trisaccharide-alditol [o] and 

per-0-alkylated tetrasaccharide-alditol [q] were identified during l.c.-m.s. 

analysis, but not further analyzed by g.l.c.-m.s., because the c.i. mass spectra of 

these two per-0-alkylated oligosaccharide-alditols were sufficiently distinctive to 

allow the fragments to be identified (see Fig. 1). It should be noted that, as a result 

of deuterio-reduction before 0-ethylation, each D-glucosyluronic residue was con- 

verted into a 6,6-dideuterio-D-glucosyl residue having an ethyl group on O-6. In 

many of the per-0-alkylated oligosaccharide-alditols (see Tables III. IV, and V), 

(l&4)-linked glucosyl residues could not be distinguished from (l-+6)-linked 

glucosyl or galactosyl residues. However, the isolation and characterization of frag- 

ments [p] and [l] ( see later) clearly established the location of the two (l-+6)-linked 

galactosyl residues and the one (l&6)-linked glucosyl residue known to be present 

in the polysaccharide (see Table I). Thus, the (1+6)-linked galactosyl. (l&6)- 

linked glucosyl. and (l-+4)-linked glucosyl residues could all be unambiguously as- 

signed, as given in Tables III, IV, and V. 

No fragments containing the acid-labile. glycosyl linkages of the p-(146)- 

linked galactosyl residues were produced under the aforegoing hydrolysis condi- 

tions with 88% formic acid for 90 min at 80”. However. fragments containing these 

linkages were isolated from the carboxyl-reduced. 0-methylated polysaccharide 

after hydrolysis with 2M trifluoroacetic acid (TFA) for 90 min at SO”. The mixture 

of partially 0-methylated fragments produced by the milder hydrolysis was re- 

duced with NaBD,, the alditols 0-ethylated, and the products analyzed by l.c.- 

m.s., using a Brownlee Spheri-5 RP-18 column. Reconstructed, selected-ion 

chromatograms were used to locate two partially 0-methylated, partially O-ethy- 

lated oligosaccharide-alditols containing the (l-+6)-linked galactosyl residues, and 

a pentasaccharide fragment having the originally 3,4-di-O-substituted galactosyl re- 

sidue at the nonreducing end and the alditol derivative of a (l-*4)-linked, car- 

boxy]-reduced glucosyluronic acid residue at the reducing end. 

The trisaccharide fragment, consisting of three (l-+6)-linked hexosyl re- 

sidues, had an (M + 1) ion at m/z 718, and was eluted from the l.c. column with 

a retention time of 18 min. Further analysis of this fragment by g.l.c.-e.i.-m.s. 

showed that its fragment-ions were consistent with a sequence of three glycosyl re- 

sidues (fragment [1], Table IV). A sample of trisaccharide fragment [1] was hydro- 

lyzed with 2x1 TFA for 1 h at 120”, the sugars were reduced, the alditols converted 

into acetates, and these analyzed by g.l.c.-e.i.-m.s. This process resulted in the for- 

mation of a 6-O-acetyl-l,5-di-O-ethyl-2,3,4-tri-O-methylhexitol, a 1,5,6-tri-O- 

acetyl-2,3,4-tri-0-methylhexitol, and a 1,5-di-0-acetyl-6-0-ethyl-2,3,4-tri-O-me- 

thylhexitol. Thus, the trisaccharide fragment contained three (l-6)-linked hexosyl 

residues. The results of the glycosyl-linkage analysis of the polysaccharide (see 

Table I) required that two of the residues be galactosyl, and the third, a glucosyl 
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residue. Comparison of the retention time of the 1.5,6-tri-O-acetyl-7,3.-t-tri-O- 

methylhexitol (0.73 relative to my<+inositol) with those of the appropriate. par- 

tially 0-methylated. partially 0-acetylated glucitol and galactitol standards estab- 

lished that this derivative was 1.5.6-tri-O-acetyl-ZJ,-Ltri-0-methylglucitol. The 

two other (l-6)-linked glycosyl residues of fragment [l] are. thus. both galactosyl 

residues, and the sequence of fragment [I] is defined. 
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ion chromatograms reconstructed to detect these terminal residues (m/z 247 and 

298, respectively) in the c.i.-mass spectrum of the l.c. effluent were obtained. A 

per-0-alkylated fragment was detected, having a retention time of 29.2 min 

(reasonable for the derivative of a pentasaccharide fragment), which yielded the 

correct c.i.-m.s. fragment-ions (see Fig. 2). This component was further analyzed 

by fast-atom-bombardment, mass spectrometry, which yielded a strong (M + H) 

ion at m/z 1156. This (M + H) ion identified the molecule as a pentasaccharide 
that, in the polysaccharide. had a “branched” hexosyl residue at the nonreducing 

end, a (l-+4)-linked. carboxyl-reduced glycuronic acid residue at the reducing end, 

and three internal hexosyl residues. 

Sequential hydrolysis, reduction, and acetylation of this partially O-me- 

thylated, partially 0-ethylated pentasaccharide-alditol, and analysis of the derived 

persO-alkylated alditol acetates. showed that the pentasaccharide is composed of a 

galactosyl group, that was originally 3,4-di-O-substituted, at the nonreducing ter- 

minal end, two (1+6)-linked galactosyl residues, one (l--+6)-linked glucosyl re- 

sidue, and one (l-+4)-linked glucuronic residue at the alditol terminus. The se- 

TABLE VI 

‘H-N M.R CHEMICALSHIFTSANDCOUPLINGCONSTANTSOFTHEANOMERICPROTONSOFSELECTEDPER-O-AL- 
KYLATEDOI.lGOSACCHARIDE-ALDlTOLSANDTHEPER-~-AI.KYLATEDTETRASACCHARIDEMETHYLCLUCO- 

SIDE 

Marenal Fragment Chemical Coupling Assigned 
shift constant anomeric 

(6)” JI z (Hz) configuration 

Et+6Gal+4GlcA+ 
Et+4Gal+6Gal- 

rr’ 
Et 

Eh4GlcA-+4GlcA+4Glc [il 

Et-+4Glc+4GlcA+4GIcA+ [ol 

; 
Et 

Et+6Gal-t6Glc-*6Gal+ [II 

Et+4Gal-t6Gal-t6Glc-tbGal~4CilcA~ [PI 

r’ 
Et 

Et-+4Glc~4Glc+6Glc+OMe bl 
4 

t 
EtA4Glc 

5.27 2.0 one a 
4.24 not resolved one B 

4.37 8.4 one p 

4.45 8.4 one p 
5.62 4.0 one (Y 
4.52 8.4 one B 

4.26 9.0 onep 
4.29 8.0 one p 
5 25 2.0 one a 
4.26 not resolved three /3 

4.8 2.7 methyl glucoside a 
4.22 not resolved three /3 

‘Relative to the slgnal for internal chloroform at 6 7.26. 



Fragment [o] cxhihlted one CY and one ,!3 signal. and fragment Ii] posxesscd 

two P-linked glycosql rcsidur\. Thclefore, the CY signal of fraemtznt [cl] cOnId 13c as- 

signed to the anomeric linkage between the hrnnch-point. -I.f~-d~-o-~~ll~sll~litCd 

glucns~l and the {I--+-l-)-linked gluco\yluronic ;c~ri reatduc. i%ns. the two Lt- 

anomeric linkages u’crt‘ located. 

All ot the remaining ;tnomeric linkages in the repeating unit \vcrcI. ulth one 

exception. rcprtxntcd in ttic barioux fragmcnth IisttxJ in ‘T’ahle VI. and all of these 

were confirmed to hc In the ,3 configuration. ‘I’he one linkage not acccxlnttxi for was 

that of the glucosyluroniz aud residue in the >idc chain J-lo~~c~~~ r 1 I‘ 43.x 

analysis confirmed that tbl< linkage IS In the /+anorncric cc~~fi~ui-~itic~r:. Fragmen? 

[d] (we Fig. 3) occurs both in the s~dc chain and the hackb~~rtc~ chain Jf the hi&- 

chain fragment [cl] were In the cf-nnomt‘ric contiguratton, rt ~~oulcl II;IIC txxn hep:1- 

rated during liquid chrornatographY from the ,&ilnhccl Ir,igm~nt [d] in the hach- 

bone chain”. Reconstructed. selected-ton chrolnatoFrapll~ pert’>’ PICCJ LV‘~ the l.c. 

mass spectra cltzarlq shoued that Iragment [d] I\;II cluird 111 >)ni! :t 4ingle positIon. 

confirming the ,5 assignment, 
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DISCUSSION 

The results of this investigation have established that the acidic polysac- 

charide secreted by R. phaseoli strain 127 K87 has an undecasaccharide repeating- 

unit, the largest yet to be reported for any bacterial polysaccharide. The acidic 

polysaccharides secreted by four strains of R. phaseofi (127 K36, 127 K38, 127 K44, 

and 127 K87) have now been examined, and each has been found to be structurally 

different from the others’-” (see Fig. 4). How many structurally unique, acidic 

polysaccharides may be secreted by other strains of R. phaseoli is still unknown. 

The four R. phaseoli polysaccharides are structurally identical with respect to 

the backbone chain and the first two residues of the side chain, but differ in the re- 

maining glycosyl sequences of their side chains. The polysaccharides also differ in 

the size of their repeating units; the repeating units respectively contain 8, 9, 10, 

and 11 residues. 

The extracellular polysaccharides secreted by R. meliloti show similar charac- 

teristics. Two strains of this organism were found to secrete identical acidic 

polysaccharides’“.’ I, but the polysaccharide of a third strain was shown to differ 

from that of the first two’“. As with the R. phaseoli polysaccharides. the polysac- 

charides secreted by the R. mefiloti strains are structurally identical to each other 

with respect to the backbone chain and the first two residues of the side chain; the 

BACKBONE CHAIN -4GlcA_,4GlcA-4Glc-4Glc~ 
P P P 

(ALL STRAINS) 

----- --- -- _---- _---- ---- 

SIDE CHAINS 
Ho2C\ /4\ 

b&x/ 
(127 K36) 

6’b 

‘C’ 

Me “Cot. 
2 

H02C\C,4, a 
Gal 

P P 
me/ ‘6’ 

-4GlcA - 3Glc + 4Glc (127 K44) 

H02C\ p\ 

Me/‘\,’ 

Glc -6Gal 5 4GlcA - 4Glc + 4Glc 
P P P (127 K38) 

P P P 
Gal-6Gal -6Glc - 6Gal E 4GlcA - 4Glc + 4Glc 

P P 
t *p 

(127 K87) 

Fig. 4. The glycosyl-residue sequence, locatlon of pyruvic acetal groups. and anomeric configuration of 
the glycosyl residues of the repeating units of the audit polysaccharldes secreted by four strains of R. 
phaseoli 
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differences art‘ located at the terminal residues of the side chain3 ‘T‘hc backbone 

chains of the K. tdllotl polywccharide~ differ structurally from thcvx c>f the R. 

phasedi polysaccharide~. 

One of the K. plruseoli poly<acch;u-ides. that ok strain 127 K7h, IS ~cientlcnl. 

with respect to glvcosvl wzquences, pyruvic octal substitution. and anomerlc con- ~ . 
figuration. to the acidic polysac’her~dc\ 4ccrctcd bv 1~~ strains of K. 

ir~~~r~~i~zo~~~r~~t~z and two strains of Ii. trifolii’ ‘. .I’he differcnccs ht.t\vccrl the 

polysaccharides secreted 11~ :I \~nplc KI~~~oAiwz species and the Ident glycos~l 

Teyuenccs in the polvsxcharidcs secreted b\ \tralns of thrcr ciiffercn~ R/~i;c~hilrr?z 

species raivz interesting que\tlons rrgarcllnp the rcllc 01 these Il~)i~4,lcch~tricles irl 

symbiotic speciticitv. If II is proposed that i h, rccognltion process bctwecn bean 

plants and the four strains of R. [~husco/r invoi\t:\ some common structur:i~ features 

prc\ent In all of the acidic polyxaccharide~ of the four strain\, rhc \;imc mechanism 

must be capable of rejcctlng the apparently ~dcntic~~l ~)“l!\;lcchari~le\ ot R. lr!fidri 

strain< NA.30 and 040.; am1 ft. Ic~~:lrl71rnc~~lrnl~?~ str:uns IX53 and I7Schi. l‘hc latter 

\2rains do not nodulatc be:rn planls. nor dots ft. plr~wo/~ strain 117 Kih noddate 

peu or clover plants’. Poly\xcharidcv thkit appcxr to he idcntlc:il in;]!. in fact. hc 

structurally unique. being distrnguishcd h! possessing tliffrreni. h:isc-labile O-a01 

substituents, or srmilar II-sc\ I suhstltuents IocaUxf at ditfcrcnl posltnv\. in them. 

All of these poly\accharlde\ wet-c‘ \ho\vn, hy ‘Wn.m r. nnal\si\. 10 contain two. OI 

three. acetyl groups per rcpcating unit (data not presented). <IS uc~ll ;I> tether O-XVI 

groups. but the locations of the C?-ac!l groups h;l\r not let hccn detcrmtned. . 

/\(‘liNO~I.t.D<;1IFNI \ 
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