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ABSTRACT 

Eight cyclic (1-2)~P-D-glucans (cyclosophoraoses) of different molecular 

weights were isolated from culture filtrates of Agrobacterium and Rhizobium. By 
6.2-MPa, liquid chromatography of their partial hydrolyzates, it was concluded 

that they were cyclosophoroheptadecaose, cyclosophoro-octadecaose, cyclo- 

sophorononadecaose, cyclosophoroeicosaose, cyclosophoroheneicosaose, cycln- 

sophorodocosaose, cyclosophorotricosaose, and cyclosophorotetracosaose. Cyclic 

(1+2)-/3-u-glucans from 19 strains of Agrobac~erium and Rhizobium tested were 

divided into four classes on the basis of differences in the distribution patterns of 

the eight cyclosophoraoses. 

INTRODUCTION 

In 1942, McIntire et al.’ found a low-molecular-weight glucan different from 
an extracellular acidic polysaccharide in culture filtrates of Agrnhnctwirrm rumefn- 

ciens. Putman er aZ.* showed that this glucan consisted mainly of (I-2)-linked P-D- 

glucopyranosyl residues. Subsequently, the culture filtrates of many strains of Ag- 
robacterium3~4 and Rhizobi~rn~~~ were found to contain (l-+2)-P-D-glucans having 

some other D-glucosidic linkages. Hisamatsu et al.’ and Amemura et aLa recently 

reported that many strains of Agrobacterium and Rhirobium produce extracellular, 

cyclic (l+2)-p-D-ghCan, and that most of the strains also produce the linear oc- 

tasaccharide repeating-unit of extracellular acidic polysaccharides. 

Cyclic (1+2)-p-D-ghCanS were also found in cells of Rhizobium by 

Zevenhuizen’,“, and, later, by Abe et al. “. Abe et of.” also reported that addition 
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of the cyclic (I- -2).P-r+glucan isolated from 111~ cells of R. trifolii 4s to seedling5 
of white clover, which is the host plant. promoted infection-thread formation and 
nodule formation. On gel chromatography on a column of Sephadex C&50. (1&>2)- 
,5-1~-glucan gave a narrow. symmetrical peak’-“‘. bul in paper chrorn;it~~graph~. it 
gave two spots’. McNeil ~‘f nl. ” wry rcccntly showed by f.a.h.-m.s. that (l--:)-/3- 
D-glucans from Agrohacreriunt rnrnefaciem and Rhiznhiwn species were mixtures 
of circular molecules containing 17 to 23 D-glucosy! residues. In the present work. 
we separated cyclic (I-+.?)-fi-n-glucans obtained horn Agwhcrcreriwn and 

Rhizohirtm into malerials of homogeneous molrcuhu six. and rx;iminrd their 
properties. 

EXPERIMENTAL 

Gerwruf m~tlzorls. ~ Paper chromatography (p.c.) was conducted on Toyo 
No. SO filter paper (Toyo. Tokyo. Japan) by the dcsccnding method in I : I : I (v/v) 

1-butanol-pyridine-water. Spots were detected by spraying the paper with the 
sodium prriodate-silver nitrate reagenl”. 

Gas-liquid chromatography (g.1.c.) was performed in a Shimadzu GC7A gas 
chromatograph (Shimadzu, Kyoto. Japan) fitted with a tlame-ionization detector. 
Methylations were conducted as described by Hakomori”. The mrthylated barn- 
pies were hydrolyzed. and analyzed as the alditol acetates on a column (2 m Y 3 
mm) of 0.3’Z of OV17541.13 of GEXFI I50 on Shimalite W (W;tko Pure Chrm.. 
Osaka, Japan). as alrcRdydescrihed’5. 

Liquid chromatography (l.c.) was conducted at room temperature with a 
model 6000R solvent-delivery system. a model U6K injector, and a column of 
PBondapak carbohydrate (all from Waters Associates. Milford. Mass., U.S.A.). 
and a model SE-31 differential refractometer (Showa Denko. Tohyo, Japan), using 
312 acetunitrile-water as the solvent system at a flow rate of ?.(I mL;mln. and a 
pressure of 11 M Pa 

“C-N.m.r-. spectl-a nf solutions (2Z3%) in D,O were recorded at room tem- 
perature with a JEOL .JNM-FX 200 instrument (JEOI,, Tokyo. Japan) at 50.10 
MHz in the pulsed, Fourier-transform mode. with complete proton-decoupling. 

Chemical shifts are expressed in p.p.m. downfield from that of tctramcthylsilanc. 
using 1 .I-dioxane (67.41 p p.m.) as the internal standard. 

0rganism.s. - Agwbartrdrrm rrdiohuck- IF0 17607. IF0 12663, IF0 12665. 
IF0 13127, IF0 13256. IF0 L3532. IF0 135.13. A. rhizogwws IF0 13259. rZ. 
rrrmc,filcierr.s LFO 30%‘. Khizohiwn wdilofi IF0 13336. R. frifolii TFO 13337. and R. 
japonicum IF0 13338 were obtained from the Institute for Fermentation. Osaka, 
Japan. R. meliloti .I7017 and R. trifdii 360 were obtained by courtc>y of Prof ‘I’ 
Maruyama. the (Jnivcrsity of Tokyo, Japan; R. trifidii JS, R. phnsrrdi AHU 1133. 
R. Irifdir AIIU 1134. and R. lrrpini KLU were from Prof. S. Higashi. Kagoshima 
University, .Japan; and R. Icg~~minr~sc~rrrn~ 303 wab provided by Dr. S. ‘l‘suru. the 
National Institute of Agricultural Science. Japan. 
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Preparation nf cyclic (1+2)-D-D-gluCan. - Synthetic medium’6 containing 

4% of D-glucose was supplemented with 0.1% of yeast extract or traces of thiamine 
and biotin. The medium (95 mL) in 500-mL, conical flasks was inoculated with a 
culture (5 mL) grown in the same medium. Six-day cultures were mixed with 
ethanol (2 vol.), and centrifuged at 19,OOOg for 30 min. to remove extracellular 
acidic polysaccharide and cells. The supernatant liquor was then concentrated to a 
small volume, again mixed with ethanol (2 vol.), and centrifuged. The supematant 
liquor was mixed with ethanol (4 vol.), and the resultant prccipitatc was collected 
by centrifugation, dissolved in water, and subjected to ultrafiltration through Ami- 
con PM 10. The dialyzable fraction was concentrated to a small volume, and sub- 
jected to chromatography on Sephadex G-10, to remove salts. Fractions in the void 
volume were collected, concentrated to a small volume, and applied to a column (3 

x 12 cm) of DEAE-cellulose equilibrated with mM potassium chloride, to remove 

an octasaccharide repeating-unit of extracellular, acidic polysaccharide. A neutral 

material [cyclic (l&+2)-P-D-glucan] was eluted with mM potassium chloride (150 

mL) without adsorption to the column. An acidic material (octasaccharide repeat- 

ing-unit) was adsorbed to the column. The fractions containing the Cyclic (1+2)-p- 

D-gluCan were collected, concentrated to a small volume, and subjected to 
chromatography on Sephadex G-10 to remove salt. Fractions in the void volume 

were collected, and lyophilized. 

E.stimation of molecular weight of cyclic (I-2)-P-D-glucan. - A cyclic 
(1-2)~P-D-giucan (2.5 mg) was hydrolyzed in o.lM trifluoroacetic acid (1 mL) for 

6@120 min at 100”. A solution of the partial hydrolyzate was analyzed by l.c. on a 
column (25 cm x 4.6 mm) of Finepnk SIL NH,-10 (Japan Spectroscopy, Tokyo, 
Japan), with 11:9 acetonitrile-water as the solvent system at a flow rate of 1.0 mL/ 
min and a pressure of 6.2 MPa, with refractomctric detection, according to the 

method of Koizumi et al. “. 

RESULTS AND DISCUSSION 

Components of cyclic (1 +2)-P-D-glucans of Agrobacterium and Rhizobium 

were separated by paper chromatography, with development for three days (see 

Fig. 1). The cyclic (l-+2)-P-D-glucans of all nine strains of Agrobacterium tested 

gave the same separation pattern, whereas those of ten strains of Rhizobium tested 

gave four kinds of separation pattern. At least five spots having differenl RF. values 

were observed. For isolation of these compounds, large amounts of cyclic (1+2)-p- 

D-gluCan were applied to papers and developed for five or six days. The products 
were extracted with water from appropriate sections of the paper, and the extracts 

concentrated in wcuo at 40”. The products in the first and second spots (a and b) 
were prepared from the cyclic (1 +2)-P-D-glucan of R. lrifolii AHU 1134, whereas 
those in the third, fourth, and fifth spots (c, d, and e) were prepared from the cyclic 

(1+2)-P-D-glucan of A. radiobacter IF0 12665. These products were purified by 
rechromatography. On methylation analysis of each product, only 3,4,6-tri-0- 

methylglucose was found. 
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The “C-n.m.r. spectrum of a showed only six signals (see Fig. 2). indicating 
that the material was hornogeneou% in molecular six. Thcsc six signals, at 6, 

102.79.82.64. 77.18, 76.28,69.71. and 61.50. were readily assigned as those of C-1. 
C-2. C-S. C-.3. C-4. and C-6. respectively. hy cnmparison with the spectra’” of 
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Fig. 3. II-MPa. liquid chromatograms of B (A), b (B), c (C), d (D), and e (E) on a column of &Bon- 
dapak carbohydrate. 

sophorose nnd 2 O~methyl-P~D~glucopyrnnose. ‘l-he ‘“C-n.m.r. spectra of b, c, and 
e, however, showed two signals for C-l and C-2, and that of d showed two signals 
for C-2. These results suggested that b, c, d, and e, were not homogeneous. be- 
cause cyclic forms of (1+2)-P-D-glucan should show only one chemical shift for 
each carbon atom when they are homogeneous in molecular size. Therefore, we 
purified the preparations further by ll-MPa l.c. on a column of PBondapak car- 
bohydrate. As shown in Fig. 3, a gave a single peak, but b, c, d, and e gave two 
peaks in l.c. The products separated (bl, b2, cl, ~2, dl, d2, el, and e2) were col- 

lected from the effluent, and further purified by rechromatography. A material that 
was liberated from the carbohydrate column and was slightly water-soluble could 
be removed by gel chromatography on Sephadex G-10. The resulting preparations 
were homogeneous, as their ‘3C-n.m.r. spectra all showed only six signals. D-Glu- 

cans b2 and cl were the same cyclosophoraose because their retention times in l.c., 
and their “C-n.m.r. spectra, were the same. 
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For estimation of molecular weights. the tight cyclosophoraoscc wrrr par- 

tially hydrolyzed, and the hydrolyzates were analyzed by l.c. on a column 01 

Finepak SIL NH,-IO. The l.c. elution-profiles of d2 and of a partial hydrolyrate of 

d2 are illustrated in Fig. 4. The last peak of the purtlal hydrolyzate of d2 was the 

22nd peak when counted from the first peal. of D-glucose, and d2 was elutcd at the 

same posilion as the 21~1 peak of the hydrolyute. ‘Thus. the 2711d peak IS con%i- 

dercd to ht: that of a docosaose which is an open. circular form of d2: the cil-culal 

form is eluted earlier than the open form. The last peaks of par~al hydroly7ates of 

a, bl, cl, c2, dl, el, and e2 were also found to be the 17th, 18th. 1’9th. 20th. List, 

23~1, and 24th peaks. respectively. From these rcsnlts. ic was concluded that the 

molecular weights of the tight cyclosophoraosci arr 37% (cyclosophorohep- 

tadccause), 291X (cyclosophoro-octadecaose), 30X0 (cyclusophorr,nonadrraose), 

3242 (cyclosophorocicosause), 3404 (cyclosophol-(,he~~eic~)s~~~)seI. ii6h (cy- 

closophorodocos3ose), 372X (cyclosophorotricosaosr). and 3890 (cyclosophoro- 

tetracosaose). The molecular weight ib given by 162.111, where II i,, the degree of 

polymerization. Thr “C-n.m.r chemical-shifts of thesc compounds are shown in 

Table I. 

‘I’he distributions of thcsc compounds in cyclic (I--*2)-p-D-glucan prepara- 
tions obtained from A,grohacferurm and Khizohium werr examined hy I l-Ml% l.c. 
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Cyclonophn,nhc,,tadecarrrc 102.70 82.M 76.28 bY.71 77.18 hl 5” 
Cyclosophoro~octadecaore 102.50 X2.76 76.31 69.73 77.06 61.56 
CyclosophorononadcFaosc 103.02 83.34 76.28 69.X 77.18 61.S3 
Cycl‘,sophorneicosaose 102.59 82.61 76.30 69.7’) 77.15 61.S9 
CvclosoDhoroheneicosaose 102.88 83.28 76.31 69.b2 77.15 61.56 

I . 

Cyclosophorodocosaose 
Cyclosophorotricosaose 
Cyclosophorotrtracosaose 

102.88 83 08 76.3b 69.68 77.1x b1.S’) 
102.67 X3.05 76.33 bY.bR 77.12 bl.59 
102.YY 83 .so 76.33 bY.b2 77.18 bl 5Y 

on a column of PBondapak carbohydrate. The four clution-patterns distinguished 
are shown in Fig. 5. Cyclic (I-+2)-P-D-glucans of R. rrifolii AHU 1134, R. phaseoli 

AHU 1133, and R. lupini KLU were found to be composed almost entirely of 
cyclosophoroheptadecaose [TypC I cyclic (1 42)~P-n-glucan]; those of R. rrifolii 4.5, 

R. trifolii IF0 13337. I?. japonicum IF0 13338, and R. leguminosarum 303 are 
Composed mainly of cyclosophorononadecaose and cyclosophoroeicosaose [Type 
IT cyclic (I--t2)-@-D-glucan]; those of R. meliloti .I7017 and R. meliloti IF0 13336 
are composed mainly of cyclosophoroeicosaose, cyclosophoroheneicosaose. and 
cyclosophorodocosaose [Type III cyclic (1 +2)-P-D-glUCan]; and those of nine 

strains of Agrnbacteriurn and R. trifolii 560 are composed mainly of cyclo- 
sophorononadecaose, cyclosophoroeicosaose, cyclosophorohencicosaose. and 

cyclosophorodocosaose [Type IV cyclic (1 +2)-P-D-ghxan]. This grouping is con- 
sistent with that based on the patterns on the paper chromatogram (see Fig. 1). 

We had reported7 that, judging by the results of field-dcsorption. mass spec- 

trometry and paper chromatography of the hydrolyzate of the glucan. the cyclic 
(1-2)~P-D-glucan of Agrobactrrium is composed of a heptadecaose and an oc- 
tadecaose, but we could not detect the components of higher molecular weight, be- 
cause of the weak resolutions achieved with the techniques then employed. 

The structures of extracellular, acidic polysaccharides produced by Agrobac- 

terium and Rhizohium used in this work have all been elucidated, except those 
formed by three strains’5.‘y~2’. J u d ging from the results of methylation and com- 

ponent analysis (unpublished data), the structures of the acidic polysaccharides of 
the three strains R. trifolii IF0 13337. R. jqvonicum TFO 13338, and R. 

leguminosarunt 303 are probably the same as those of the acidic polysaccharides of 
R. leguminosnrum strains 128~53 and 128~63 and R. trifolii strains NA30 and 0403, 
elucidated by Robertsen et al.22. Interestingly, we noticed that the structure of the 
acidic polysaccharide is closely connected with the type of cyclic (l-2)p-o-glucan: 
three strains of Rhizobium elaborating Type I cyclic (1 +%)-a-D-glucan produce the 

same acidic polysaccharide composed of D-ghXOSe, D-galactose, and pyruvic acid 
in the molar ratios of 12:4:3 (ref. 20); four strains of Rhizobictm forming Type II 
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As the “C-n m.r. chemical-shift? of C-l and C-Z oi the sight cyclo- 
sophoraoses differ shghtly. depending on the rnolccular size. the main components 

in a (1-2)~o-r+glucan preparalion can be inferred from the chcrnical shifts. ‘l‘he 

Cl- -,2)-P-D-gluCans of A. c~mr/clciens lIBV7 and A. ~~d~~hacfrr If)00 reported by 
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Fig. 6. Liquid chromatogram of the cyclic (l-2).fi-n-glucan fraction of R. meliid J7017 on a column 
of pBondapak carbohydrate. 

Barreto-Bergter et aL4, showing 2 signals for C-l and 3 signals fol- C-2, may be 

Type IV cyclic (l-+2)-P-D-glucan, peculiar to Agrobacterium strains. The cyclic 

(142)-P-D-glucan of R. mrliloti K-24 reported hy Zevenhuizen’“, showing one sig- 

nal for C-l (5, 102.8) and 2 signals for C-2 (S, 83.2 and 82.9). may be composed 

mainly of cyclosophorohcneicosaose and cyclosophorodocosaose, being similar to 

Type III cyclic (l-+2)-P-D-glucan. 

In the preparation of cyclic (1 +2)-p-D-glucan from R. mefifoti 57017, mate- 
rials UC low molecular weight, elutcd at 4-6 min, were detected by l.c. on a column 

of FBondapak carbohydrate, as shown in Fig. 6. The materials were collected from 

the effluent. The [a]$ value was t166.8” (c 0.25, water), and methylation analysis 

gave the alditol acetates of 2,3,4,6-tetra- and 3.4,6-tri-0-methylglucose, suggesting 

that these materials arc D-gluco-oligosaccharides having an a-(1+2) linkage. The 

D-gluco-oligosaccharides may be related to the kojihexaose recently reported by 
Watanabe et af.23 as an extracellular oligosaccharide of R. jupvnicum strain 561. 

Cyclic (1+2)-p-D-glucan was also found in cells of Rhirobium”‘, as already 

described. Consequently, the cyclic (1 -+2)-p-D-glucans isolated from the cells of R. 
trifofii 4s and R. trifolii AHU 1134 by 75% ethanol extraction by the method of 

Zevenhuizen”’ were, by l.c. on a column of PBondapak carbohydrate, compared 

with those from the culture filtrates of the same strains. The elution patterns were 

the same, indicating that the extracellular (from the culture filtrates) and the intra- 

cellular (from the cells) cyclic (1 +2)-p-D-glucans wcrc composed of the same com- 
ponents. 
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