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ABSTRACT 

Ten strains of R/zi~o~ium tested produced extracellular, cyclic (142)$-r)- 
glucan, and five of ten strains produced the linear octasaccharide repeating-units of 
the extracellular, acidic polysaccharides. 

INTRODUCTION 

Previously, Hisamatsu et al.’ found that many strains of Agrobacterium and 
AlcaZigenes,faecaiis var. IlzJ’x0gene.s (taxonomically close to Aguobacterium) produce 
extracellular, cyclic (1-+2)-j&D-glucan, that most of the strains also produce an octa- 
saccharide repeating-unit of succinoglycan (extracellular, acidic polysaccharide 
produced by these strains), and that the (l-+2)-B-D-glucan bearing some other 
linked D-glucosyl residues that was reported by Putman et al.‘, Gorin ef aL3, and 
Barreto-Berger et al.” may be due to the presence of the octasaccharide repeating-unit 
of succinoglycan in their preparations. Dedonder and Hassid5 and York et a/.6 also 
reported the production of (l-+2)-P-D-glucan having other glucosidic linkages by 
several strains of Rhizobium, which is taxonomically related to Agrobacterium. 
Recently, cyclic (1-+2)+oglucan lacking minor glucosidic linkages was found in 
cells of Rhizobium by Zevenhuizen7, and later by Abe et al.‘. We also examined 
extracellular compounds of low molecular weight produced by Rhizabium strains, 
and found cyclic (l-+2)-p-u-glucan and octasaccharide repeating-units not only of 
succinoglycan but also of other acidic polysaccharides. 
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EYPEKIMtNTAl 

Orpt~isnis. -- RAi:ohiw~~ ndilori IF0 13336. R. irlfidri I IW 13337. and R. 

juportiwm IF0 1333X were obtained from the Institute for Fern-e111al1on. Osaka. 

Japan. R. m~liloti 37017 and R. tr(/dii JhO wcrc obtainrd h> co111 tcs> of Prof. >.. 

Maruyama, tho University of ‘Toblo. Japan: R. trijidri X5. R rrijol~l AHL’ 1134, 

R. phascydr AHIJ I 133, and R. hptri KLU lvet-e from Prof S. HIg:!\hi. Kagobh~mu 

University. Japan: and R /t~rrnlirro.~nr~,rll 30? 11 a\ pro\ idrd h\: Dr. rsul 11. the National 

Institute of Agricultural Scicncc, Japan 

Priyalvrlicr~~ r!f (1.i Imu~lhlfir. trdic pol.l:rai’c,liari..~ muf /on -~i~ofi~(~i~ifl~-~~~ciylil 

fiwctions. --. Synthetic medium contaming -! ‘Is, of glucose wa) ~upplcmcntcd N ith 

0. I ‘Ifi, yeast extract. a) described previously” The medium (‘15 ml.) in WO-nlf.., 

conical flasks was inoculated with u culture (5 mL 1 gro\i II III the same medium. Si\- 

day culture5 were centrifuged at 56.cIOO(: for 30 min. The supcrnafant liquor \Iiib 

mixed \vith tno volumes of ethanol. and centrifuged to rcmo\c an c\tr;tccllular acidic 

polysacchandc. The Fupcrnatant liquor u’a\ then concentrated to ;I hmall volume. 

again mixed with two v~~lunlcs of ethanol. and centrifuged. T~L’ xupcrnatant liquor 

was mixed with four volumes of ethanol. and lhe resultant prcciptatc S:IS collected 

hy centrifugation, dissolved in water. and the hnlution subJected to ultraliltratloii 

through Amlcon PM IO. The dinlgzahlc fraction \vas conccntratcd ~tr a small \olumc. 

and hubjccted to chromatography on Scphsdcx G-10. to rcmo\‘r \alt Fractions in 

the void volume \\erc‘ collcctcd, and IyophiJIzcJ (load-molecular-H~lgilt fraction ). 

Cli,omcitc~~,rr~~~f)li~~ (4 t/w Io~~~-tiiolt~~~~rlr-~~~t~~l~t fscrctrorr OJI III_- 1 I.*-tr~fld0.w. 

A sample of the low-molecular-weight fraction was nppl~rd to :I column (3 x I2 cm ) 

of DEAE-cellulose equilthratcd with mu potassium chloride. ;Llatcnol was cluted 

with the first 200 mL of’ rnM potassium chloride. and then ~lth 700 111L. of a lineal 

gradient of I to lO(JrnM potassium chloride. Fractions ( 10 mL) \ierc collected, and 

then- sugar content M~S measured by the phenol- sulfuric :md methotl I” t’racticrnated 

materials were appropriately pooled. desalted b> chromatogt aph~ on ;I column of 

Sephadex G-IO. and the dcsaltcd materials Iyophili7eci. 

.IJtri~~Yt~tion mtut~wk. - Samples (2 III~J were mcth>lated as Jescnhed by 

Hahomori’ ’ . The mcthylutcd samples were h!drolyzcd with -IM tritluuroacetic acid 

for 6 h at 100’. and the bupar\ analq/cd as alditol acetates in .1 column (3 mm \ 3 m) 

of 0.3 “,, of OV275-O.-l”,, of GEXF I 150 on Shimnlite W (Waho Pure C’hcm.. Osaka. 

Japan) by g.1.c. as descrlhed previously’“. The column Icmpcrature ~a\ held 1b1 

4 min at I-10”. and then raised to I80 at 0.5 per men. 

G.I.C. - G.1.c. was performed 111 a GC7A gas chromatopr;lph (Shlmnd7u. 

Kyoto. Japan) fitted uith :I 11;11iit’-i~,nizatlOn detector. 

’ H-lV.t~z.r. .s/~f~~/r~.~~~o/?l’. ’ H-N.m.r. spectra of 0.5 I’,, solut1o115 111 dcuteriuni 

oxide were rccordcd with a JEOL JNM-FXIOO instrument (JEOl.. 1 c>hyo. Japan) 

at 85 . with sodium 4,4-dlmcth~l-~-silap~nta~i~-I -~ulf~~natc a\ .tn Internal standard. 

Quatltitutiw mru~~*sis of su~ymx --- Samples ( 2 mg) acre h>drr+rcd in a scaled 

tube with 4hl trifluornacctic acid for h h at 100 ‘. Each hydrol~/att: \\as converted into 
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a mixture of alditol acetates, and this was analyzed by g.1.c. in a column (3 mm x 

2 m) of 3 yd of ECNSS-M on Gas-chrom Q (Applied Science Laboratories). 

Uranic acids were determined by the modified carbazole reaction described by 

Galambos13. b-Glucuronic acid and D-riburonic acid were identified, after reduction 

of the carboxyl group by the method of Taylor and Conrad’“, as D-glucose and D- 

ribose, respectively, by g.1.c. 

Quantitative analysis of organic acids. - Pyruvic acid was analyzed by the 

method of Koepsell and Sharpe”. Total acyl groups were assayed by the method of 

McComb and McCready . 1 ’ 0-Acetyl and 0-succinyl groups were identified by IH- 

n.m.r. analysis. The proportions of 0-acetyl and 0-succinyl groups were calculated 

from the ratio of the signals of these groups in the spectra. 
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Fig. 1. DEAE-cellulose chromatography of the low-molecular-weight fractions of Rhizobium strains. 
[The sample was applied to a column (3 x 12 cm) of DEAE-cellulose equilibrated with mM potassium 
chloride, and material was eluted with a linear gradient of 1 to 1OOmM potassium chloride. Fractions 
were analyzed for carbohydrate by the phenol-sulfuric acid method. Solid bars indicate pooled 
fractions.] 
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RESULTS AND DWX'SSION 

The low-molecular-weight fractions produced by R/~izc+i~~ strains were 
subjected to DEAE-cellulose chromatography (see Fig. I). All of the strains examined 
produced a neutral material (designated 1’1) that was cluted without adsorption to the 
column. R. meliiuti IF0 I3330 afl’orded one acidic material ( PL! ). whereas R. mclilorl 

57017. R. tr~j?ilii J60, R. l@olii AkiLl I 134, and R. iqk’ KLU l~~duccd tire acid,, 
materials (P1 tend P3). R. frjffblii IF0 13337 and the four strains R. ~I.!~~~/I~ -JS, R. 
j~~~~?~l~~llt~l IF0 1333X. I?. fc:~lmrit?c)surttln 303. and R. ~~~~~~,s~J~)~~ AH 1; I I33 (data on 

these four strains are not shown in Fig, I) cltd not give appreci~lbl~ a mounts of acidic 
IT?U&ll. 

On methylation analysis of the neutral material Pi from each stram. only 

3,3,6-tn-O-methyl-u-gluco\c was found. The ‘H-n.m.r. q~cctrunl ~ho\ved a /;- 
anomeric signal at 3.88 p.p.m.. with .I, .1 7 Hz. Therefore. \+c‘ concluded that PI 1% a 
cyclic (I -+ 2)-p-L>-glucan. 

The components, and mcthylation analysis, of the a&he materials P:! and P3 
from each strain arc shown in I‘ablos I and II, respectively. The ratios of sugar 
components of P3 were identical to the ratios of those of the corresponri~ng, extra- 
cellular acidic polysaccharides, whereas. although the content< of&her sugar cmnpo- 

nents west’ the same, the r+glucose content of P2 was slightI\ higher than those ofthc 

poiysaccharides. These higher vafut~ were due to small proportions of cyclic ( 142 f- 

,!Gn-glucan contaminating P7, as was atso indicated by the tinding that the methylatcd 

sugars from P2 contained 3,~.6-tri-O-methyl-u-glucose (see ‘fable I I). 7-11~ contaminnt- 

ing, cyclic (l-2)-P-D-glucan *as removed from prepurat~on~ 01’ I37 bq rrcating them 
with weak alkah at room temperature. The cyclic (l----t 2 )-/I-D-glucan and tiic acidic 
material seemed to form a complex. This type of complex has all l~cn found 111 
several strains of ;Igrobnc,i~rilnI’. Another difference bet\vcen the components of P2 
and P3 was that P2 from R. m4iloti 57017 and R. frlfo/n JhO had ILW,Z~ amounts I>I 
acyl groups (Cl-succinyl and CI-acetyl groups) than P3. and 1’2 from X. lrijidii RW U 

I 134 and R. f~~?~~~ KLU had lesser ~~lnoul~ts of pyruvlc acid than had I’?. The degrcch 
of poly~ner~zat~on of P2 and P3 after removing cyclic ( I - ?b/Li3-~litcntl. d~tert~lin~d 
by the method described previously”. were all 8. 

Analysjs of the mcthyiated sugars from I’:! and P3 indiczttcd that. unlike the 
extracellular acidic polysaccharideb, they did not contain one 1no1 of 2,3-di-O-methyl- 
u-glucose, correspondmg to 1 I +A, I-+6)-lmked branching n-glucose. but had an 
additional one mot of 2,3,4-tri-0-methyl-~-glucose. corrcspondlng tcr ( 1 -+h)-linked 
r>-glucose (see Table II). The other mcthylated sugars bcrc in the ~~mt’ ratios a:, 
those for the polysacchandrs. Therefore, P2 and P3 arc llncar coml~~unds. and their 
additional (I +6) linkages seem to be formed by clea\:lng the (I -+1) iinhagrs of’ 

branching (I --%,I-6) linkages in the polysaccii~irid~s~ although P7 and P3 arc not 
considered to be the hy~~~-olysls products of the ~olysacc~~~~r~~les, 3% M 111 be described 
later. 

The (nonreducing) terminal n-galactosyt groups of P3 of R. fr!fidii AHI I 113-8 
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and R. lupini KLU bore a pyruvic acetal group at O-4 and O-6, judging from the 
results of methylation and component analyses, whereas those of PZ of these strains 
were devoid of pyruvic acid. 

From these findings, we concluded that both P2 and P3 are linear octasacchar- 
ide repeating-units of extracellular acidic polysaccharides, as found previously in 
culture filtrates of strains of Alcaligenes fuecalis var. mpagenes and Agrobacterium. 
Formulas 1, 2, and 3 show the structures of R. rne~~l~t~ 57017, R. tropic 560, R. 
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meliloti IF0 13336. R. trijdii AHU 1134. and R. lrrpir?i KLU cluc~datrd prcvi- 

ously ‘7-l’). The polysaccharide of R. nreliloti 5701 7 and R. rrifblii J60 is a succfno- 

glyca n ; i.e., it has the xme structure as the polysaccharides 01 strains of‘ -t/c (r/i- 

gems ,fuedis var. n~_~~.uu~~~yene.s and .-l,~~ohcrc,,r~i1/111. The repeating units t;~und i II 

culture filtrates were linear forms that would bc obtained by hydroiy~i~ of the linhtlges 

indicated by the arrowc. There is :I simlku-ity in the structures 01‘thcse octasaccharidc 

repeating-units: they have the same seq~~ence of giycosyl residues cxccpt for two 

glycosyt residues at the ncmreclucing terminal. 

The contents of acyl groups or pyruvic acetal in the octasacchvrldcs (1’3 and 

P3) were not uniform. Because the contents of these organic acids in the polysacchar- 

ides were roughly the avcragr of‘ the contents of‘ those in P? and P> (SW Table I ). 

two types of repeating unit seem to exist in an approximately cyu~molar rat10 in the 

polysaccharides. 

The amounts of cyclic (I +?I-P-l)-glucan, the octasaccharide repeating-unit, 

and the extracellular acidic polysaccharide per IO0 mL of culture medium produced 

by ten strains of RhizoPiut~l are shown in Table I I I. As alread!, dchcrlhed. all 01 

the strains produced cyclic (I--) 2)-/i-1~-qiucan in yield, oI‘ IO 30 mg, ;lnd fi\e of the c 
ten strains produced the octasaccharide repeating-unit in y~clds of 30 I($) mg. 

We had shown” that the linear octa5acchande repeating-unit ol‘:tn extraccllulal 

acidic polysaccharide (s~~cu~noglycan) found in the CLII~LII-c of -I I~i~~iwe.~ f irccnlis 

var. n~)‘sqcnes is not the hydrolysis product of the polysaccharlde. but that It seems 

to be formed from certain Intracellular components that are lntermcdlate\ in the 

synthesis of succinoglycan. Recently. Tolma5hy c’f nl. “I Isolated /lpi&bound oligo- 

saccharide formed by incubation of‘urldine S-(n-glucosyl diphosph;ltc) and ;I partlcu- 

late enzyme of R. twliloli R4l. and reported that the \tructurc of the ollgosnccharidt: 

moiety seemed to be the same as that of‘our preparation of‘ the Ilnear octasaccharidc 

TABLE 111 

R. mrlilori 57017 
R. melhti IF0 13336 
R. irifolir 560 
R. trifilii IF0 13337 
R. trvolii 4.S 
R. aifolii AH U 1 134 
R. I~~~rmrirrusanct~I 303 
R. phroli AHU 1133 
R. juporricum IF0 13338 
R. Irrpim KLI! 

40 

II 
I’) 
33 
30 
'5 
IS 

32 

26 

12 
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repeating-unit produced by Alcaligenes faecalis var. m)lxogenes. These studies have 

shown that, in the biosynthesis of the extracellular, acidic polysaccharides of these 

organisms, the linear octasaccharide preceded by D-galactose is formed first, and then 

the octasaccharide is polymerized, affording a branching structure. 
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