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ABSTRACII 

The structures of extracellular, acidic polysaccharides from three non-nodulating 

rhizobia, Rbtobium trifoiii A HU I 134, Rhi~~bili~lpllas~ol~ A HU I 133, and Rhizobium 

~u~i~zi KLU were studied by a method involving successive fragmentation with specific 

two P-D-glycanases of Flnrobacterium M64. These three polysaccharides are composed 

of repeating units of the octasaccharide shown. Half of the terminal D-galactose 

residues are substituted by pyruvic acid acetal groups. 

INTRODUCTION 

One useful method for studying the structures of complicated polysaccharides 

is to hydrolyze them with specific enzymes. We’-3 have elucidated the structures of 

polysaccharides from A~~a~i~~~gs faeealis var. rn~~oge~z~~ lOC3 and several strains 

of Ag~oba~te~i~m and Rlzizobium by successive fragmentation, with an extracellular 

/?-D-glycanase (succinoglycan depolymerase) and an intracellular endo-( I +6)-p-~- 

glucanase of Favobacterium M64, into two tetrasaccharides comprising the octa- 

saccharide repeating-unit, and then by methylation analysis and enzymic hydrolysis 

of the products. 

The polysaccharides from R~~iz~b~urn t~i~li~ AHU I 134, Ii. ~I~aseoZi AHU I 133, 

and R. fupini KLU were also hydrolyzed successively by the two enzymes of Flavo- 

bacterium M64, but the structures of these polysaccharides appear different from 

those of other rhizobial polysaccharides studied previously. Here we report structural 

studies on these polysaccharides. 
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GlJncrd nldlod.l.\~. Paper chromatography (px.) WI:, conducted by the 

descending method on Toyn tiltcr paper No. i0 with 6 : 4 : 3 11 ‘v ) I -butanol-pyrldinc- 

water as the solvent system. Sugars wcrc dctcctctl with sihcr nitrate. Gas. liquid 

chromatography (g.1.c.) \\a\ performed with a Shimad7u GC’7A gas chromatograph 

litted with ;I flame-ionizaticn dctcct~~r. Mct!~~lntton~ \\cre pcrfrrrmcd as described 

by H.lhomori4 ~\ith sodium ~-,~ctl~yI5~ilfinylmetli~il~d~ rued mcth~l rodi& in dimrth~l 

sulfosidc. The metl~gl~tcd simplc~ v crc hgdrc~l~7cJ, and t!le pwdu~f~ zn;ll! zed a 

alditol acrtatcs by g.1.c. on a COIUIW~ 15 II:W L 2 III) of0 .i”* (3~‘2’?4.4”,, GLSI-’ 

II 50 on Shimalitc W, :I\ dcscrlbed pre\iou+‘. Mcthylatcd sugars 14crc idcntlfied by 

comparison M ith mc‘th!~latcd sugarb dcrilcd from the pc~lyraccharidIc of 41w/i~cwrB\ 

jwcw/i.\ var. n~rsf)~~ww I OCR and hy mabh bpectronwtry. 

Quantitative nnalyw of sugars \vas performed h) p.1.c. on ;I column (3 mm - 

7 m ) of 3 ‘I,, CCNSS-M on Gas-chrom Q at IX0 ;t\ rlcscrihcd prc\iousl)F l’yru\ic 

acid was assayed by the method of Kwpsel and SI:arpe”. 

Total acyl grwph wrr ahbayed by the method of McC’omt~ and IlcCrcnd!, ‘. 

O-Acctyl group5 and O-5uccin~ I groups \\cr~’ idcntificd hy ’ El-11.m.r. analys15. The 

amounts of fkcrtyl and O-wccinyl gr0up.s Mere calculated from thr ratio of 4gal\ 

for thrsc t\vo groups III the spcctrx ’ I-l-N.m.r. spxtr:l c)t’s,olution~ 111 Jcutcrium osdc 

were recorded with a .JE;OL .JNM-J Xl00 In4rument (09.7 Il!tJr) :II S5 111tl1 W~ILI~II 

4,4-dimcthyl-3-sllapentanc-I -~ulfonatc ah the mternal GiuldiLrd. 

O,:fymh~l t . Rki:ol~iwtr tI rfdli AHU I 134. Rhi-_hrnn ph.wdi .4FI L! I 132. 

and Rkixhkm /upi: i KLI-1 were obtainal frown R-of S. Hipa4i. Kagoshima 

University. These strains are non-infectious to thar hwt planlh”. Then- ~nfccttou~ 

and nodulating ctbilltlcs \lerc lost durmg storage. 

r”rqxrriition rtl (2 \ trm~llidur ddrc~ pol_r.ruu hitrilk. rlrlll pruhlc t\ of L’I?~yllic~ 

I~yh~_ni~ oj tlrc p0/_1 m t Irrwidc. - 7 hc cxtraccllulnr. acidic J~ol~sac~haridc H ii\ 

prepared from the supcrnatant liquor of’ cultures grown m 14 synthc-tic mediunl.3 

containing 4”,. of D-glucose by :I mct!Iud 111\01\~1ng preciprtation nlth acetow and 

cetylpyridinium chloritlc a\ described previousI>“. The ~ICIJS of polywxharidc~ from 

R. Irifolii AHU I I 34. R ph~rscdi AH U I 1.33. :~nd R. /r/phi K L I.1 \vcrc 310 me. 

270 mg. and 800 mg. rcspcctlvely. per IO0 mL of culture IIW~UIII. The polysacchar~dc 

thus obtained was dissolwd in ~atcx. treated with 4mbcrlitc I R-l 3) (I I- ) rcsm. and 

freeze-dried. The H + -form polysaccharide wa< uhed for anal~srs 

The (~ligosaccharide comprising the rcpcating tInit of t hc polysac‘char~de \\ils 

obtained as follow. The poly~acchnridc ( 100 mg) ws cxtrnslvcly hydrolyxd Mith 

succinoglycan dcpolynier-.w (200 wilts) fiw 2-I h at 30 III 50111~ w)dium itcctatc 

bullkr. pH 5.X (5 ml. 1, containing a few drop> of toluonc to prcbcnt mlcl.ohii~l ;rro\\th 

After hydrol\sls. t’:c mi\tnrc \\as d~al)lcd ‘(7~ ~;uxum tiltratinn thr~w~h a wllodion 

mcmbranc. Tk,c dli~l~/~blc fractrorl b\as cowcntrated to _ I ml_. and 4th u’c’re 

removed by chromatogra~~hy on :I column of Scphadcx G-IO. l’r;~-t1~~11~ III the 1 od 

volun~c cnntninmg the product \\crc’ ccmcentrated to lo\\ \~~lumc. and m~\cd nit11 
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6 volumes of ethanol. The resultant precipitate was collected by centrifugation, 

washed with ethanol, and dried it2 VUCL~O, to yield 88, 87, and 79 mg of dried material, 

respectively, from the polysaccharides of R. trifolii AHU 1134. R. phnseoli AHU 1133, 

and R. lupini KLU. 

The oligosaccharides produced by hydrolysis of the repeating-unit oligo- 

sac&ride with the intracellular endo-(1 -+6)-/l-D-glucanase of Flavobacterium M64 

were prepared as follows. The repeating-unit oligosaccharide (50 mg) was deacylated. 

The deacylated oligosaccharide was digested extensively with intracellular endo- 

(1+6)+~glucanase (40 units) for 24 h at 30” in 50mM sodium acetate buffer, 

pH 5.8 (1.5 mL), containing a few drops of toluene. After digestion, the mixture was 

boiled for 1 min, and centrifuged to remove denatured protein. The supernatant 

liquor was passed through a column of Amberlite IR-120 (H+) resin, and subjected 

to p.c. The products were separated into three oligosaccharides, A, B-I, and B-II, 

having RGlc values of 0.28, 0.17, and 0.10, respectively. These oligosaccharides were 

extracted from appropriate sections of the paper, and the extracts evaporated to 

dryness ill WCZW. The yields of oligosaccharides A, B-8, and B-II from the repeating- 

unit oligosaccharides of three polysaccharides were 15.6-19.4, 6.3--l 1.3, and 8.0-12.9 

mg, respectively. 

Preparation of succirloglJ?carl depolwleruse cold intrnccll;ilar em/o-(1 +6)-j-~- 

glucar2a.w. - Succinoglycan depolymerase and intracellular endo-(1 +6)-/?-D- 

glucanase were prepared as described previously”.“. One unit of enzyme activity 

is defined as the amount of enzyme liberating 1 Ltmol of aldehyde group as glucose 

per h. 

Preparatioll of dep~vwy,Iated pol~~saccharide und otigosaccharide. - A solution 

of 0.1 “;‘, of native polysaccharide or oligosaccharide B-I was heated in 1 &TIM hydro- 

chloric acid for 90 min at 100”. Under these conditions, pyruvic acid was liberated 

completely, and no other components were released. The acid-treated solution was 

passed through a column of Amberlite IR-45 (OH-) resin and the effluent was freeze- 

dried. 

Preparation of deeacylated repeating-wit oligosaccharide. - A solution of 0.1 “0 

of the sample was stirred in I OmM potassium hydroxide for 5 h at 20’ under nitrogen. 

The solution was made neutral, concentrated to low volume, passed through a 

column of Sephadex G-10 to remove salts, and the acyl groups were liberated. The 

oligosaccharide fractions in the etnuent were concentrated and freeze-dried. 

Smith degradation. - Depyruvylated oligosaccharide B-I (1 mg) was oxidized 

with 4hlM sodium periodate (0.4 mL) for 78 h at 4” and the oxidized oligosaccharide 

was passed through a mixed bed of Amberlite TIP-120 (H+) resin and Amberlite 

JR-45 (OH-) resin. The effluent was evaporated. The dried material was reduced 

with sodium borohydride and treated with Amberlite rR-120 (Ht ) resin. Boric acid 

was removed by distillation of methanol from the residue. The resulting polyalcohol 

was heated with 4~ trifluoroacetic acid for 4 h at 100”. The hydrolyzate was reduced 

with sodium borohydride, acetylated with a mixture of pyridine and acetic anhydride, 

and analyzed by g.1.c. on a column of 3 “b ECNSS-M on Gas-chrom Q at 180’. 
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Ptqxztatior~ of p-o-~~“l”(.t”.~iclose-nigestrcl oli~~ostzc~i~l~iz~i~~~’ B-i. ~ Oligo- 

saccharide B-T (5 tng) was incubated with 0.2 unit of /YI-u-galactosidnsc i/i-t>-galacto- 

side galactohydrolase. from .~l.~pqqi:illus nigw. Grade V, Sigma C’hem. Co.) for 20 11 

at 30” in I mL of bodium acctatc buffer (50m~, pH 4.0). The m~xturc !\as sub_jected 

to p.c. The digested oligosaccharide was separated from Ilbt!ratcd galactose bl 

extracting the appropriate section or the paper. The extract was evapratcd to drynesh. 

Digc~stion of the ciclc~ c~htzrz~ of‘ ~7ol~.,(.~z~.~.ll~zt.i~k~ lc,ith /~-l,-~~~zlrzc,tr~.‘li/ilr~~ rzrui /i-v- 

ghicvsicirisc~. -- Dcpyruvytated. deacylatcd polysaccharidc (IO mg) \\a< incuhatcd 

nith 2 units of /j-D-palactosidase for 20 h at 30 ni I mL of sodium acetate bifffef 

(~OlmM, pH 4.0). After incubation, the mixture was boiled for I min wd the denatured 

protein removed by centril’ugation. The aupcrnatant was dialc/ed against sodium 

acetate buffer (501n~. pH 5.0) and incubated with 5 mg of /i-wglucosidasc (/I-lr- 

glucoside glucohydrolase from almond. Sigma Chem. Co. I for 3 da!\ at ?I) The 

mixture was then boiled for I min, the resulting precipitate was rcmo\cd, and the 

supernatant solution was dialy7rd against water. The dialyzed material was freeze- 

dried. 

‘H-N.m.r. analysis of the polysaccharides from R. trjfi~lii AHU 1 134, R. 

p/mco/i AHU 1133, and K. /qGni KLU shotbed that there was a signal at ti 1.47. 

assigned to the methyl protons of pyruvic acid residues, and signals at ~5 7. I? and 7.6s. 

assigned to the methyl protons of O-acetyl groups and nlcthyisnc proton> of O- 

succlnyl groups, respectively. in all of the preparation\. The molar ratio+, of O-a&>1 

to O-succinyl group:, in thcac polysaccharidcs were I :O.l I. 1 :o.oz, and I :O.l I. 

respectively. Analysis also showed that all of the glycosldic 11nl\uges 111 the pol>~- 

saccharides are /I, because all the signals awgned to anomcric proton\ wcrc located 

in the /&anorneric region at ,i I.&4.X. 

The components of the polysacchnrides are shown In Table 1. All three poly- 

saccharides contained r@ucose, ngalactose, pyruvic acid, and acct~c xid in the 

approximate molar ratios of 6 : 3. I 5. 7 together with small amount\ of sucbcinic acid. ,_ _, 

TABLE I 



TABLE II 

METHYLATION ANALYSIS OF NATIVE AND MODIFIED POLYSACCNARTDES AND OLIGOSACCHARIDES OF &. fhf0h.i AHU 1134 

- -- ---- _- 

MethylaM sugar (relutfve propurtions) 
.- 

2,3,4,6-Glc 2,3,4,6-Gai 2,4,6-GIG 2,4,6-Gal 2,3,4-Glc 2,3,6-Glc 2,3-Glc 2,3-G&l 2-Glc 
CT 0.8P) (T 1.&P) (T f.3Ja) (T 1.48u) (T 1.62a) (T 1.75”) (T 2.604) (T J’.6P) {T 3JP) 

-- - -- --- -- +-- 

Native polysaccharide 0.0 
Depyruvylated pofysaccharide 0.0 
Repeating-unit oligosaccharide O,Q 
Oligosaccharide A 1 
OligosauAaride B-I 0.0 
Oligosaccharide B-11 0.0 
b-D-Galactosidasedigested 

oligusaccharide B-1 0.0 
#bGalactosidase, /bglucosidase- 

digested, depyruvyiated, 
deacyiated, polysaccharide i 

0.1 

0.0 

1 1.1 
2 1.0 
1 0.8 
0.0 0.8 
1 0.0 
1 0.1 

1 0.0 

0.2 1.0 

0.8 1.9 0.9 0.5 1.0 
0+9 2.2 0.9 0.0 0.0 
1.7 1.9 0.0 0.5 0.8 
O*O 2.1 0.0 0.0 0.0 
1.2 0.1 OS 0.0 1.0 
0.9 0.0 0.0 0.9 1.0 

1.1 

0.3 

0.0 

2.2 

0.7 

1.0 

0.0 

0.0 

0.2 

0.0 
--- _ -.- - _ _. --_ __. 

oRetention time of the corresponding alditol acetate relative to 1,5-di-0acetyl-2,3,4~~tetra-O-methyl-D-~~~i~~l. Column: 0.3:, OV275-0.4yb GEXF 
1150 on Shimalite W. 



ThC pOlj SiuXllilrid~~ \\ crc hydrol>7ed wmplztel~ into trwi; rqxxting-unit 

oligosaccharides with succinoglycan depolymwl~e. The i~IILTo\;ICC[I;1ridCb kcrc :t 

mixture of 1~1~ JilTcrcnt f0rnis of oligirsuccharidc M I os2 tcrminol ~alacl~w rc4ducs 

u.ere linhed \\itil or \\ithout fwru\ic :Lcid. 34 L;II~NII l:~t~~l*. I‘!A, r-~pc;lting uillt cd~- 

acylatcd) ~\as hydrolyzed completely \Vith the intracellular cndcl-I I -6 I-/A+glucanax 

of ~/~/l,ohtrc,tc,~irr/ii h?64 into tkree smaller ~:li~osucchil~li~c~ fi~li~c~h:~~fharicl~~ A. 13-l. 

and B-II ). The nati\ c lwl> s.tccII::rIdtx the Jcp~rub! latc’d l-01! \,Icc~!iar%ic\. the rc- 

pcating-unit olig~~sacchnridc~, ;uld oli~u~a~~:~ilriciCs A. f3-1. itlld H-II 0 r*r._ llleth!l:ltCd. 

tlIc products were ‘:>drol~A. and the Irxthylatcd \Ltqrh \\crc’ :tnal~lrcd :Ls alditol 

acetate:, by g.1.c. 1x1 :I cc~l~rnii of 0.3 ‘I,, OF’275 0.4’ ,, Gl:SF I I :O. Rcxults for prc- 

partitions from the lwlysaccheridc of R. /r.jfo/ri AHll I134 :trc Ami n Ii1 Tat-k 11. 

Preparations from the p~il~s:tccharidcs of the two other strain\ ga? I‘ idcntlcal rcwlts. 

wthm tkc lilnith of e.\pcrtmcnt;ll crrot. 

The sug_irs of the nlothylated nati\c polywx+sl-idc WC‘IC 2.3.4.6-tetra-O- 

methyl-wgalactow. ‘.-l.(i-tri-O-riistll~l-l~-~luc~~sc. ~.l.(,-t;‘i-O-nlothyl-l,-galactosc. 

~.3.~-tri-O-in~tl~~l-i~-~luci~~t’. ~,~.h-lri-~?-i!rCt!lVI-I~-~IUC1~h~. ~..i-lll-l~-nl~tl~!‘l-l~-~lu- 

COX. ‘.-1-di-O-methyl-r,-rralact(~s~. and ‘-O-mcthql-n-gluc~~~~ 111 ~hc molar ratlo\; 

of0.5:l:l:l 2 : I :il 5 : I When the pol~accharldc \:a drp11 LI\! Ialcd. the mcth>l- 

ated sugar\ showed incrwsc~ (11‘ 0.5 n:nl of termin:Ll i+zII;Icto~~’ .Lnli unc nlw t)t 

~,~.h-tri-O-mcth~l-Ir-glLIsosc per mol. and decreascb of 0.5 ino1 of’ 2.3-di-O-nicth> I- 

n-galactow and 1~llC llll,l 01’ ~-O-m~thYI-r)-gIUCO?IL’ per nil\! r I:L’w wiiI1s how tllilt 

half of the non-reducing. ttirmlnul I+~facto:.c rc4ducs and 0~ r>f‘ NO. (I -3b 

linkd t~-~l~~cosc restdues ot this polyw:ch,Adc arc subtitutct! \\ itl: p! ruvic acid ;,; 

O-1 and O-6. This puly~accharidc II~S I~-gIuw~c rewluc~ hrmcl~~rig tb,rough ;t ( I --I)- 

or (1 -+h)-linhage. 

hlethylation analyses of the rcpcating-unit ol~~ocacclm+lc Indiwcd that the 

oligosxcharidc has no IxanchIng residue\. ‘Thus ,uccinogl! C;lIl dcp@l~lllCIXsc 

hydrolyxd the I~rlkugc udJXYnt to branching D-glucose rc~Iriuc\. producing llnciir 

repeating-units. These linhagc\ are ( I-4). hCCiIusC hydrol>+ with ~uccinogl!.cun 

depolymcrase led to m inwxsc of one mol of X3.-btri-~-mctl;~ I-~~-,~lucose per mol. 

corresponding to a (I -to )-l~nhcd r>-plucosc. 

The r_edLlCing-terminal sugar of the repcatlng-unit oIi~owcch;~ricle obtained 

from the polysacchurides of the three strains HL\ fmnd to tw LI p:tlac~ox. and the 

degree of polymcrizttion of thcsc repsating units ~a\ l~wnd to PC s Ix the method 

described previously’ 

The methylated sugars from mcthylrrted oligosaccharldr A \\crv 2..?4.6-tctra- 

O-incthyl-D-~lucosc. ~.3.6-tri-O-Inethyl-r,-glucose. c ,tnd ~.J.6-tr~-Omcth~ I-I~-~:tli~ctosc 

in the molar rutros of’ I ._‘: I (SW Tat+ II). Indicatln, tr that the crligc~~acchandc i\ 

con7posed of 0nc non-reducing terminal 1sglucow. t\\cr ( I -4 )-llIlh~~tl I,-gluco~c 

reslducs. und one ( I -+3)-linked I,-galilcto~c rcsiduc. ,-I, t’lc wgalactiw w,idur A~ould 

be located at the rcducinc cud. olig~baccharide A nil14 hate the qucncc IMiIq:/,- 

t I -4 )-I>-GlCjI-( I -3 )-I>-GlCp-( I 4 3 )-D-Gill/I. 

Judging from the mrthylatcd hug;irs of mcthylated c~ligo~~lccharicich B-l and 
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B-II, oligosaccharide B-l is composed of one, non-reducing terminal D-galactose 

residue, one (l--+3)-linked D-glucose residue linked with pyruvic acid at O-4 and O-6, 

one (l-3)-linked D-glucose residue lacking pyruvic acid, and one (1+6)-linked 

D-glucose residue. Oligosaccharide B-II has the same sugar linkages as those of 

oligosaccharide B-I, except that the non-reducing terminal D-galactose residues are 

substituted with pyruvic acid. 

To determine whether a (l-+3)- or (l-6)-linked o-glucose residue is located 

at the reducing terminal, we subjected depyruvylated oligosaccharides B-I and B-II 

to Smith degradation. The products were D-glUCitO1 and D-glycerol in approximately 

1 : 1 molar ratio. Therefore, the reducing-terminal ~-glucose residue of these oligo- 

saccharides has a (l-+6) linkage, because D-arabinitol should have been produced if 

(1+3)-linked D-glUCOSC were located at the reducing terminal. Consequently the 

backbone sequence of oligosaccharides B-I and B-II is D-Galp-(l-+3)-D-Glcp-(1 -+3)- 

D-Glcp-(I +6)-D-Glcp. One of the (1 -t3)-linked D-glucose residues is substituted with 

pyruvic acid at O-4 and O-6, and the non-reducing terminal D-galactose residue of 

oligosaccharide B-II is also substituted with pyruvic acid at the same position. 

When oligosaccharide B-l was treated with P-D-galactosidase, D-galactose was 

liberated from the non-reducing terminal. The methylated sugars from the enzyme- 

digested oligosaccharide (Table II) showed decreases of 2,3,4,6-tetra-O-methyl-D- 

galactose and 2-O-methyl-D-glucose, and increase of 2,3-di-0-methyl-D-glucose, 

indicating that the new terminal of the oligosaccharide is a t>-glucose residue linked 

with pyruvic acid at O-4 and O-6. Thus, pyruvic acid is located at the (l-+3)-linked 

D-glucose residue close to the non-reducing terminal of oligosaccharide B-I and 

probably of oligosaccharide B-II. 

On hydrolysis of the repeating-unit octasaccharide with endo-(1 -+6)-p-~- 

glucanase, one mol of 2,3,4-tri-0methyl-D-glucose per mol was lost, as shown in 

Table Il. Therefore oligosaccharide A and oligosaccharide B-I (or B-II) are linked 

through a (l&6)-D-glucosidic linkage, to form the following octasaccharide as a 

repeating unit. 

Half the non-reducing, terminal D-galactose residue is pyruvylated and there 

are also - 2 mol of acyl groups per mol. We could separate two types of octasaccharide 

(with a pyruvylated and a nonpyruvylated terminal residue) by chromatography 

on DEAE-cellulose. 

The repeating unit is presumably polymerized between (l-+3)-linked D- 

galactose and (1+6)-linked D-ghCOSC residues, through an intermolecular (l-+4)- 

linkage, to form a branched structure. Thus, a possible structure for the poly- 

saccharide (deacylated) is as shown in formula 1. The anomeric configurations of all 



eight glycosidic linkages are [I’, as described csrlier. An alternative structure IS that 

In which another (1+6)-linked D-glucose rcsiliuc in the repeating unrt is linked to 

the u-galactose residue to form a branched structure. In this c:w. (I --6) linkage\ 

should be present in the backbone. However, this alternative structuw \I;L~ re_jc‘ctcd 

as follows. Depyru\ylated, dencylated polyhaccharldc ~\a\ digcbtcd cx~ens~~cl~ 1~1th 

/~-r,-galactosidase, and subsrqucntly b+ltir /I-i>-glucosidase tc> rcntow [he side chain\ 

of the polysaccharide from the non-redwins terminal sugar. The re>trltiny, digested 

polysaccharidc wa5 methylatcd. As shown In Table 1. tllis polysxch,tride lacks I OO”,, 

of the terminal D-palactose. W’,, of the ( I -+3 )-lmhcd D-~lucosc. and ?O”,, ot’ the 

( I -6)~linhcd D-giucosr: residues of the undigesled. depyruvylatcd plysucch:ui&, 

This result indicates that one ( I --+6)-Iir ked II-giucosc miduc 111 the rcpeatlng-unit 

octasaccharidc is located at the EI~C chain of the poly~accharldc and all<>thcr ( I -(I)- 

linked II-glucose residue ix Gtuatcci at the branching point. II; I, lillkap denoted :IS (I 

arc hydrolyzed by succmoglycan drpolymerase, whereas /I linl\agcb ;trt’ h~clrol~red b! 

intracellular wdo-( I -+6 )-/i-v-glucanase. 

The glycosyl-residue sequence and the mode of pyruvylatwn of the pal!- 

saccharides from R. phcwoli AHU I t 33 and R. /upi~i KLU \\erc identical 1% ith thosz 

of the polysaccharide of R. trjfdii AHU 1134, because these three polysaccharldch 

were hydrolyzed succeskely \+ith the two specific enzymes, and the rcwlting oligo- 

saccharides were indistinguishable hy p-c. arid methylation anal>s~~ 7vloreovcr. the 

‘H-n.m.r. spectra of these three polysaccharldes \\crc the same. 

Structure 1 ii very similar to that of the catracellular, acidic polysaccharides 

(succinoglycan) of 4lcv/i,cycwcb fur~vli.5 var. fi7 I~.YCJ,~C~C~ ’ ’ ’ I OC_J, m:in\ .st rains of 

.Igrohac,t~~ilrtl1’.~.’ ‘, and R. mdihti’ ‘,” ’ ’ . and a strain of I?. f/,ijolii”, the maior 

difference being that. In cuccinogtycan, the non-reducing tcrmtnal-sugar rcsxiue 1s 

~-glucose instead of u-galactose, and only one pyrubyl substitumt I\ present instead 

of two as in thz present polysxcharide. The two tcr~:ktl bupr rcsiduc5 of the poly- 

saccharide of R. wliloti 1FO 13336 are changed to wriburonic acid anti v-glucurnnic 

acid2. All ot’ these polysacchar~des arc hydrolyzed successively b> succinoglycan 

depolymerase and endo-( I +O )-/i-u-gluc;t~l~ts~ of‘ /;/C/I C~K ILY;WII hi 64 into ;I. fetra- 

saccharide viu their octnsacchar~de repeating-unit. The method ~nrolwng seqtlentral 

fragmentation with the spucilic enzymes &scribed hcrc 15 rather Iimplc ;md SCCI~S 

very good for elucidating the structure of compticatcd pol~sacci~aricir~~. 

The structures of the polysaccharides of R. triJi)lii AHU 11.34. R. ~~I~~~.wuli AH U 



Rhizobium POLYSACCHARIDES 93 

1133, and R. lupini KLU are different not only from those of polysaccharides of R. 

meliloti but also from those of strains of R. trifolii’5-17, R. leguminosarum”, R. 
japonicuml ‘.l 9, and other species studied previously. The polysaccharides of R. 
trifolii AHU 1134 and R. phaseoli AHU 1133 do not seem to be typical polysaccharides 

of R. trifolii and R. phaseoli, because most polysaccharides of these species reported 

thus far contain glucuronic acid’5-22, which is absent from our polysaccharides. 

As the rhizobial strains used for this study are non-infectious to their host legumes, 

the assignment of these strains to each species is uncertain. These strains are also non- 

infectious to the host legume of R. meliloti, alfalfa, although the structure of their 

polysaccharides is very similar to that of polysaccharides of R. meliloti. 
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