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ABSTRACT 

The structure of the antitumor polysaccharide from the actinomycete Micro- 

ellobosporia grisea has been investigated. By methylation and periodate-oxidation 

studies, the polysaccharide was shown to consist of (nonreducing) D-mannosyl 

groups, (l-+4)-linked D-glucosyl residues, and 3,6-branched, (1+4)-linked D- 

glucosyl residues in the approximate molar ratios of 2 : 1 : 1. Periodate oxidation of 

the polysaccharide, followed by borohydride reduction and mild hydrolysis with acid 

yielded glycerol, erythritol, 2-O-/?-D-glucopyranosyl-D-erythritol, and 5-0-fl-D-gluco- 

pyranosyl-2,4-bis(hydroxymethyl)-1,3-dioxane, which were isolated in the molar 

ratios of 2.0 :0.14:0.74:0.35. Partial hydrolysis of the polysaccharide gave CL-D- 

Manp-(I -+6)-D-Glcp, /I-D-Glcp-(1 +4)-D-C@, a-D-Manp-( 1 +3)-D-Gkp, and P-D- 

Glcp-(l-+4)-[cc-D-Manp-(I -+3)-]-D-Glcp. From these results, it is proposed that the 

polysaccharide is mainly composed of tetrasaccharide repeating-units having the 

following structure. 

ci-D-Manp 

6 
-+4)-j&~-Glcp-(1 +4)-p-D-Glcp-(1 + 

cr-D-Manp 

INTRODUCTION 

Extracellular, antitumor polysaccharides have not been obtained from actino- 

mycetes, except for a polysaccharide found by our laboratory; it was previously 

shown’ that the actinomycete Microellobosporia grisea produces a water-soluble, 

extracellular polysaccharide exhibiting potent antitumor activity against both Ehrlich 

carcinoma and MM46 syngeneic adenocarcinoma, solid tumors in mice. This poly- 
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acid per sugar residue, in agreement with the respective values of 1.27 and 0.51 mol 

expected from the results obtained by the methylation analysis (see Table I). 

The polyalcohol derived from the poiysaccharide by periodate oxidation 

followed by reduction of the product with borohydride was completely hydrolyzed 

with acid. P.c. and t.1.c. of the hydrolyzate revealed the presence of glycerol, erythritol, 

and glucose, and the absence of mannose. G.1.c. confirmed their identities, and 

indicated the molar ratios of glycerol : erythritol : glucose to be 2.0 : I. 1 : 1 .O, which is 

close to the ratios 2.0 : I .O : 1.1, determined calorimetrically after separation by p.c. 

On inspection of Table I, it is clear that the glycerol must arise from the (nonreducing) 

D-mannosyl groups, the erythritol from the (l-4)-linked D-glucosyl residues, and 

the glucose (that survived treatment with periodate) from the 3,6-di-O-glycosylated, 

(l-t4)-linked D-ghCOSy1 residues. Thus, the results obtained by complete Smith 

degradation were consistent with those deduced both from the methylation and the 

periodate-oxidation studies. 

Controlled Smith degradation. - Some information on the linkages between the 

doubly branched D-glUCOSy1 residues and their neighboring sugar residues was 

obtained by controlled Smith degradation4, involving mild, acid hydrolysis of the 

polyalcohol derived from the polysaccharide by periodate oxidation, and boro- 

hydride reduction of the products. The polyalcohol derived from the polysaccharide 

was hydrolyzed with 0.25~ sulfuric acid for 24 h at room temperature. T.1.c. revealed 

the presence of two unknown products, CSD-1 and CSD-2, in addition to glycerol 

and a small proportion of erythritol; CSD-1 and CSD-2 showed RGlc 0.83 and 1.27, 

respectively. Calorimetric determination after separation by p.c. gave a 2.0 : 0.14 molar 

ratio of glycerol to erythritol; this suggests that most of the doubly branched D- 

glucosyl residues are flanked by (I +4)-linked D-glucosyl residues, as shown in 

M M 

1 1 I i 
6 

~4l-P-G-(1~4)-G-(l--c 
3 

k'~-'.i"l_4~_G."_ 3 
+6)-P-G-(1-4)-G-(1---c 

4 

t t 
tJi iJ 1 

M 

1 2 3 

c G = D-gl”copyro”osyl residue , M = D-monnopyranosyl group) 

Scheme 1 f'osslble tetrasaccharlde repeating-un,ts for the polysoccharide. 

Scheme 1, as only in this case can the erythritol derived from the (l-+4)-linked D- 

glucosyl residues not be released from the polyalcohol by mild hydrolysis with acid. 

In this instance, the polyalcohol must be extremely depolymerized by the mild 

hydrolysis, and give deoxyerythritolyl D-glucoside(s). In fact, the controlled Smith 

degradation of the polysaccharide resulted in a remarkable depolymerization, and 
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Fig. 1. Gel filtratron of the mild-acid hydrolyzate of the polyalcohol on Scphadex G-25. [The poly- 
alcohol (IO mg) wab hydrolyzed with 0.25~ sulfurx acid (2.0 mLI for 23 h at room temperature. 

The hydrolyzate. made neutral with Dowex-I X-X (CCW I resin, wab evaporated to dryneb\, divulged 
In 0.02~ acetic acid (0.J mL). and apphed to a column ( I .5 80 cm) of Sephadeu G-2. The column 

~8s eluted with 0.07nt acetic acid. and l&mL fractions were analyzed b> the phenol-xulfurlc asid 

method. Arrous mdlcate the clution positions of GI (glucose) and <i,, (maltotrlo\ci 1 

Fig. 2. Fractionation of the products of controlled, Smith degradation on Dowex-I ,X-7 (OH 1 ream. 
[The polyalcohol(1 .O g) was subjected to hydrolysis with o.?shl HzSOI for 24 h at room temperature. 

After crystallization of a large proportion of CSD-1, the rest was applied to a column (1.5 27 cm) 

of Dowex-I X-2 (OHS ) resin. The column wa, elutrd with water, and 9.X-mL fracttonq \+ere analyrrd 

by the phenol--sulfuric acid method.] 

CSD-I and CSD-2. both expected to be deoxyerythritolyl u-glucosidcs were elutcd 

in the region of disaccharides by gel filtration on a column of Sephadex G-3 (see 

Fig. I ). 

In order to isolate the products of controlled, Smith degradation, particularlq 

CSD-I and CSD-2, the polyalcohol ( I .O g) was su hjected to the mild. :wd hydrolysis 

already described. Of’the resulting products. a large proportion of CSD- 1 crystallized 
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TABLE II 

A~alyszs 
.~_._._. 

Eb1 
l-“_--___ .-_l-l”--_. .-- 

CSD-2 
- -._. -I-- 

lH-n.m.r.a 

13C-n.m.r.b 

Anomertc 
Acetaf 
Anomeric 
Acetal 
Giucosyl~xylated 
Primary 
Other 

---_-.-_..---. - 

4.57 (d, J 8.0 Hz) 

102.5 

4.54 (d, J 8.0 Hz) 
4.42 (dd, f 4.0, 11 .O Hz) 

103.4 
100.0 
79.7 
60.5, 60.8, 62.0 
69.2, 69.7, 70.3, 73.2, 
75.7, 16.0 

F.d.m.s. (?~/r)~ 

81.3 
60.6, 61.1, 62.2 
69.5, 70.8, 73.2, 
75.6, 75.8 

569 (2M+ $- l), 
285 (W i- I), 163 

653 (2Mi f I), 327 (M+ $ If, 
295 (MC - CHeOH), 163 

___ __ ---_ _ - --~~ .--.. ~---.. -_ 

Khemical shifts (b values) in p.p.m. from sodium 4,4-din~ethyl-~silapentane-I-sulfonate at 24” in 
DaO. *Chemical shifts (8 values) in p.p.m. from Me.&Si at 24” (CSD-1) or 50” (CSD-2) in DzO. 
%Selected ions. 

from the ethanol solution of the products, and it was r~~rystalIized from methanol 
(yieId, 190 mg). The rest, incIuding the uncrystallized portion of CSD-1, was 
fractionated into three fractions (F-I, F-2, and F-3) on a column of Dowex-I X-Z 
(OH-) resin, as shown in Fig. 2. Fraction F-l contained glycerol and a small amount 
of erythritol, as indicated by t.l.c., and was separated into glycerol and erythritol 
by preparative p.c. Fractions F-2 and F-3 respectively consisted of pure CSD-2 and 
pure CSD-1. Thus, glycerol (270 mg), erythritol (20 mg), CSD-I (242 mg), and 
CSD-2 (133 mg) were. isolated from the mild, acid hydrolyzate of the polyalcohol 
(1 .O g) derived from the polysaccharide. 

The D-glucoside CSD-1 had m.p. 189’ and [~]n - 17” (c 1.0, water), and was 
characte~zed as 2-~“~-D-gIu~opyranosyl-D-erythrito14. The u-glucoside CSD-2 

([@]a +ll”; c 2.6, water) was crystallized as its hexaacetate (m.p. 1.55 “), and was 
characterized as 5-~-~-~-glu~pyranosyl-2,4-bis(hydroxymethyl)-1 ,3-dioxane4. Their 
identities were confirmed by n.m.r. spectroscopy, and f.d.-mass spectrometry (see 
Table II). The identities of these compounds clearly indicated that the doubly 
branched, (I -+4)-linked D-glucosyl residues are present as single, 3,6-di-~-substituted 
units flanked by ~-(1~4)-linked o-glucosyl residues, as shown in Scheme 1. These 
results indicated that the polysaccharide consists of tetrasac~haride repeating-units, 
such as sequences 1,2, and 3 (see Scheme I), and the presence of free erythritol in the 
mild-acid hydrolyzate showed that a small proportion (14 “/,) of the (l-4)-linked 
D-glucosyl residues are located as contiguous (l-4)-linked units, or side chains, 
or both. The sequences 1, 2, and 3 would give the same analytical results, in so far as 
studies by methylation, periodate oxidation, and Smith degradation are concerned; 



some information on the further structural features was obtained hy partial acid- 

hydrolysis and by acetolysis of the polysaccharide. 

Partial ac.in-ll?~~~ol,..si,s. ar7d ncrtol~~sis. ~~~ The polysaccharide u as subjected 

to partial hydrolyses in order to elucidate its further structural features. I‘he rcbultlng 

oligosaccharides in the partial acid-hydrolyzatc and acrtolyzatc wcrc fractionated. 

on a column of activatrd carbon, into B-l ( [zjD +-65 : C’ I. water) and B-2 ( +34’~‘). 

and B-3 (+92”) and T-i (t71’ ), respectively showing R,,, O.-M. 0.54, O.GI. and 

0.24 In t.l.c. (solvent C). The results obtained for these oligosaccharidcs bq chemical 

analyses are summarized in Table III. Sugar. nonreducinti cr termintr5. ar;d methylation 

analyses indicated that B-l. B-2. and B-3 are disaccharides conslstlng of ~-klan/~- 

(I 4)-LcJlcp, I,-GlC/P( I -A)-D-m/~, rend D-M~~/J-( I -+3 )-I>-Glc/~, respccti\:ely, and 

that T-l 1s a trisaccharidc, either E&~/I-( 1 -t4)-[t~-Manp( 1 --i)-]-IbGlcp 0r I)- 

Glc/~-(I-3)-[D-Man/~-( I -4)-]-o-Glc~~. Trlraccharidc T-I \t;ts ~llO\\ll to llLl\C the 

former structure. based on the results of ’ H-n.m.r. annlys~s and r-v-mannosidrlar 

digestion. as described later. The identitlcs of these ol~gosaccharlde: fa\,or sequence 1 

m Scheme i as the tetrasacchandc repeating-unit for the polysaccharrdc. 

The glucobiosc B-3 crystallized from 95 “(, ethanol (m&p. 225 ). and v,as charac- 

terizcd as ccllobiosc (lit.’ 111.p. 22’. [XI],, +35 ~). The linkage configurations of B-l. 

B-3, and T-l here determined primarily by ’ H-n.m.r. spectroscopy Signals common 

to these oligosaccharides were observed at b 5.23 -5.27 (J, ,? ION to 4.0 HI) and 

4.65-4.68 (J, ,z 7.5-8.0 Hz). due respectively to the 2- and /I-~~II~oI~~IL’ proton> t,i‘thc 

~-glucose residues (at the reducing ends). The mannosylgluccws R-I and B-3 showed 

one additional signal, ascribable to the nnomcrlc proton of the r-linhcti II-mannosy 

TABLE III 

CHEMICAL \UAI YSrS OF 1 HF Ol.l( rOSA(‘CHARII)I S 

Oligo- 
sacckarid~ 

R-l 

B-2 

B-3 

T-l 

0.88 

Glucose 
only 
0.97 

2.04 

Mannose 

Glucose 

Mannose 

Glucose, 
,Mannox 

2..3.3.6-Man’ ( 1.0) 
7.3,3-GIG (0.‘)) 
2,3,4,6-Glc ( I .Oj 
7.56.Glc (().~)I 
2.3.4.b\lan ( 1 .O) 

2.3,6-GIG C0.Y) 

2.3.4.6~Glc 1 (, (,, 
2,3,4,6-?.lan 1 
3,h-(;lC (O.ir 

“Molar ratio of glucose to mannose. “Vuluez In parentheses indutc app~ow~atc molrtr r;~tw. 
C.3;1,6-Man 2.3.4.6-tetra-Gmeth\ I-wmannox. etc. 
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TABLE IV 

CHEMICAL SHIFTSa ANll COUPLING CONSTANTS (JI,z, Hz) OF THE ANOMERIC PROTONSb 

Oligo- Anomeric proton Glycosidic proton 
saccharide 

H-la (Gle) H-I/3 (Glc) H-1’B (Gle) H-l’a (Man) 
___- 

B-l 5.23 (4.0) 4.65 (8.0) 4.92 (- 1) 
B-3 5.27 (low) 4.68 (7.5) 5.27 (low) 
T-l 5.24 (4.0) 4.68 (8.0) 4.50 (8.0) 5.36 (- 1) 

% p.p.m. from sodium 4,4-dimethyl-4-silapentane-1-sulfonate. bin Da0 at 81.3 ‘. 

group, at 6 4.92 (.I, ,2 N 1 Hz) and 5.27 (J1 ,2 low), respectively. The branched manno- 

sylglucobiose T-l showed two additional signals, at 6 5.36 (J1 ,2 _ 1 Hz) and 4.50 

(J, ,2 8.0 Hz) ascribable to the anomeric protons of the cc-linked D-mannosyl group 

and the p-(1+4)-linked D-glucosyl residues6, respectively. These ‘H-n.m.r. data in the 

anomeric region are given in Table IV. 

These linkage configurations were confirmed by digestion with the cr-D-manno- 

sidase from Turbo ~~~rnutus, which is an exoglycosidase, specific for U-D-linked D- 

mannose residues, that releases D-mannose from the nonreducing end7. This enzyme 

released mannose and glucose from both B-l and B-3, and mannose and cellobiose 

from T-l, in agreement with the results obtained by the chemical analyses and 

‘H-n.m.r. spectroscopy. Thus, B-l was characterized as a-D-Manp-(l-+6)-D-Glcp 

(lit.23 [@lo +70”), B-3 as cc-D-Manp-(l-3)-D-Glcp, and T-l as B-D-Glcp-(l-+4)- 

[cc-D-Manp-( 1 +3)-]-D-Glcp. 

From all of the foregoing results (obtained by methylation, Smith-degradation, 

and partial-hydrolysis studies), it is deduced that the structure of the repeating unit 

of the polysaccharide is as shown. 

a-D-Manp 

1 

6 

+4)-/%D-Glcp-(l+4)-~-D-Glcp-(l-_, 

3 

t 
1 

@.-D-Manp 

DISCUSSION 

The structure of an extracellular, antitumor polysaccharide from Micro- 

ellobosporia grisea was analyzed by methylation, Smith-degradation, and partial- 



hydrolysis techniques. The structural anafyscs showed that the pnl~xacchat-idc has ;L 

unique slructuw. differing from those or other antitumor 1~c~14”;icchartd~~ frnm 

various sources3. The -/-n-mannopyranosql groups. the side ch;t~n’; ~ii the poly- 

saccharide, should pla> an itnporktnt role in its wakr-solubility and antitumor 

activity, as it5 main chain is a \~,~ttcr-insoluble (I -4 )-~;-i~-glltcatl (ccIILtlosc). \vllicIl 

has been reported to be tn:tctiwh. The raults of tnrthylation ancf Smtlh-Jcfr~~d~ttion 

analysts Icd us to proposc the three possible sequences 1. 2. :1nci 3 (Sclletlle I ) as tllc 

structure of the rcpe:atlng untt of the f~1’14s:lcch~tt-ide. Bascid on the‘ iticntilics ~>1‘ tlte 

oltgosacchat-ides obt:ttncd by partal acid-hydrolysis aud act‘tol\si\. w.xl~~rncc 1 aas 

preferred to the other t\\o. This was sul~ported b> the nbset-vaticjn lhn! the ~~-mann~~syI 

groups at O-3 of the do~tbly branched r)-gluco~~l ratdue\ were t~leased. tn t~eld 

single-branched, h-O-substituted ( I --+J)-l~nkcd ~~-gIt.~co~~i residue\ b!, mild I;ydroly~is 

Mith, P._F,_ 0.2~ HCI durtng 7 h 31 80 (unpubltshed result). The cc>nfigutxttuns or the 

linhages tn the polyssccharide. which v,erc conlirmcd by the rcwlts of‘controlled. 

Smith degradation and partial hydrolyses. c\cre supported b\ t.r. >pcctroscop>: the 

polysacchrlt-ide gave absorpttort bands at XYO and S IO cm I. tUpecti\ cly akbablc 

to /i-glwo~idic and y-mannosidic ltnhages. aa 3ltEldy d~scrihed’ 

Of the controtled. Stnith-de_Sradattc,ll products. CSD-2 ~~-O-/~-D-~~LI~O- 

pyrnnosyl-1,3-bis(li~dro~ymctliyl)-1.3-dio~aneIJ. n,htch 15 ;t gl>cc~laldchydo :tcctal 01‘ 

CSD-I (3-O-/j-to-glLtcclpyrnnosyI-t,-erythritol). was lirst iwlated” from the mild 

acid-hydrolyzate of oat-glucan poly:kohol. III addition to CSD-I. Thcrc:~f‘tcr. no-one 

has reported CSD-7 as a dogradation product 01‘ polysacchxtdca, wxpt for tts 

relative. CSD-1. Interestingly the controlled Smith-dcgrad3tion c>t‘thc pol~succhartdo, 

ah herein described. yielded both CSD-I and <‘SD-Z. which ut’rc iwl:ttt-J in the molat 

ratio of x I :0.5. The formation ol‘ a rclativcly large proportion ul‘ CSD-? rn:~k he 

related to the unique structure of thir polyssccharide. ~~~t~lp~t~cd \\ith that 01‘ the 

linear ( l-3:1 -+l)-/I-r>-glucai from oats. pi\ tng’ CSD-I 2nd rsn-2 Ill tl1c 11101;11 

ratio of I .O:U. 11. 

ESPERthlEN1’AL 

,Ilrrtmirr/s. --- The polysaccharide used 111 this worh was isolated from the 

culture filtrate of :2fic,t,oc,//ohos/)~~j~ ,qrt.sm, as described pre\ iously ’ , 

G’CHClYiI J~lctllolis. Melting points \vere detcrtnincd with a capiIlar>’ tnelttng- 

point apparatus and at-L’ uncorrected. Paper chrc~iiiLitogruf~1’! (p.c ) ha5 pt?t~~~~rilltXl 

on Toyo No. 51 filter paper by the xcendin g method with the WIL cnt s>stcrns (L \,I: 
(.;I ) 5 :2 : 7 ethyl acetate- p>ndtne--water and (B) -i: 1 5 I-butanol ethanol abater. 

Preparative p.c. was conducted on Whatman No. 3 MM paper. Sugan and alditols 

\\ere detected with alhaline \ilvet- nitrate”‘. Thin-layer c1irniii:tto~r11ptl! (t.1.c.) ws 

performed on Kwselgcl 6Of;, 51 (Merck) by the ascending method. using the %ol\ent 

systems (v;,v): (C) 5 : 3 1 I -but3nol--?-pi-0p:lnol watc‘r and I D) I : I hrn,xnr xctonc‘. 

Sugars were detected with/,-an~saldehyde-sulfilric xtd Ii , and alilttc~l4 with ammoniacal 

silver nitrate. 
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Gas-liquid chromatography (g.1.c.) was performed with a Hitachi model 163 

gas chromatograph equipped with a flame-ionization detector. Separation was 

accomplished in a glass column (2 m x 3 mm, i.d.) packed with 37: of OV-225 on 

Gas Chrom Q (100-120 mesh), using nitrogen at 60 mL/min as the carrier gas. The 

column temperature was kept at 190” and 170” for alditol acetates and partially 

methylated alditol acetates, respectively, and programmed from 80 to 190” at the 

rate of S”/min for Smith-degradation products. G.l.c.-mass spectrometry (g.l.c.-m.s.) 

was performed with the chromatographic column coupled to a JEOL JMS-D300 

mass spectrometer at an ionization potential of 70 eV. Field-desorption mass- 

spectrometry (f.d.m.s.) was performed with a JEOL JMS-OISGZ mass spectrometer 

at an emitter current of 13-17.5 mA. 

N.m.r. spectra for solutions in D20 were recorded in the pulsed, Fourier- 

transform mode with a Varian XL-200 spectrometer. As references, external tetra- 

methylsilane (Me,Si) was used for proton-decoupled, 13C-n.m.r. spectroscopy 

(50.2 MHz), and internal sodium 4,4-dimethyl-4-silapentane-I-sulfonate for ‘H- 

n.m.r. spectroscopy (200 MHz). Chemical shifts are given in p.p.m. downfield from 

the reference standards. 

Other analytical methods used in this work were as described previouslyl. 

Metkylation analysis. - Prior to methylation, the sample was dried over P,O, 

in vucuo for 5 h at 70”. The dry polysaccharide (200 mg) was methylated according 

to the procedure of Hakomorij as modified by Sandford and Conrad12. Complete 

methylation was confirmed by absence of OH absorption in the infrared (i.r.) spectra 

in carbon tetrachloride. The fully methylated polysaccharide thus obtained was 

precipitated from the chloroform solution by addition of five volumes of petroleum 

ether (yield, 176 mg), and hydrolyzed sequentially in 90 Y:, formic acid and then 

0.25~ sulfuric acid13. The resulting, methylated sugars were converted into the 

corresponding alditol acetates14, and analyzed by g.l.c.15 and g.l.c.-m.s.‘6. 

The methylated sugars were also fractionated by preparative t.1.c. (solvent 0). 

The methylated sugars obtained were each demethylated with boron trichloride 

according to the method of Allen et al.“, and then analyzed by t.1.c. (solvent C) and 

g.1.c. as the alditol acetates’ 8. 

Periodate oxidation. - The polysaccharide (100 mg) was oxidized with 30mM 

sodium metaperiodate (100 mL) in the dark at 5”. The periodate consumption was 

determined at various time-intervals by a spectrophotometric methodi9, and the 

formic acid production by titration with 1OmM sodium hydroxide. 

Preparation of tkepol~alcohol. - The polysaccharide (3.0 g) was oxidized with 

60mM sodium metaperiodate (1 .O L) for 12 days at 5” in the dark. The reaction was 

then stopped with ethylene glycol, and the mixture was dialyzed against de-ionized 

water at 5”. The oxidized polymer in the non-dialyzable solution was reduced with 

sodium borohydride (4.5 g) for 1 day at room temperature. After decomposition of 

the excess of borohydride by addition of acetic acid (final pH, 5.5), the solution was 

again dialyzed as already described. The non-dialyzable solution was concentrated, 

and the concentrate centrifuged. The derived polyalcohol, in the supernatant liquor 



(50 mL), was precipitated with ethanol (I .O I_), and dehydrated over P20, i/l wwo 

(yield, 3.6 g). 

Smith degnm’~tio/~. ~- The polyalcohol (70 mg) was compll‘tcly hydrolyzed 

with 0.5~ sulfuric acid for 5 h :;t 100 The hydroiyiatc M;L~ made neutral with 

Dowex-I X-8 (CO:- ) I-wn, passed through a column of Dowc~-50 X-S (H ’ ) resin. 

and evaporated to dryness i/l ~mwo. TIE complete Smith-de_cradatic,n products thub 

obtained were cxamincd by p.c. (sokent:, ,1 Lilld R) and t.1.c. (\olvcnt C). c*tracted 

with water afkr separation by p.c. (solvent -1 )* and determined colarimctricallv. 

sugars were determined with phenol&ulfuric acid’“. and aldltols \iith chromotroplc 

acid”. For g.1.c. annlyjis. these products \\crc convcrtcd Into the correspnndmg 

alditol acetates’ ‘. 

In the controlled Smith-degradation. the polyalcohol (20 IN?) was subjected 

to mild hydrolysis with 0 ?!M H,SO, during 34 h at room kmpcratnre. The hydro- 

lyzate was treated as already dcscrihcd. and the resulting dcgradatlon product5 i\erc 

determined calorimetrically after p.c. separation (solvent :l). 

/solotion of’ the umtmlJed_ Stlritll-rJ~~~~rrrcIrlrior1 proh~~ts. -~ The pol~alcohol 

(1.0 g) derived from the polysaccharidc was hydrolyrrd with 0.75~ sulfuric acid 

(200 mL) for 13 h at room tempcraturc. The hydroiyzate \\as matfc neutral \\ith 

Dowrx-I X-8 (COG-) resin and evaporated to a syup. Addition of ethanol (30 ml.) 

to the syrup yielded a crystalline compound, which was rccr>stalli7cd from methanol 

to give CSD- I ( 190 mg ). 

.-Inal. Calc. for C,,,H;,,O,: C, 32.15: H, 7.09. Found: C. -11.X3: H. 6.SS. 

The ethanolic mother liquor was evaporated to a s> I-up. l\hich was dissolved 

in water (2 rnL), and fractionated. on a column (I 5 x 27 cm) ol‘ DOWY-I S-2 

(OH-) resin (ZOO--400 mesh). according to Austin rt trl.“, to ~IVC ;I m~\ture (370 mg) 

of glycerol and crythritol. CSD-2 (133 mg), and CSD-r (52 mg). I‘hc mlxturc V+;IS 

further fractionated by preparative p.c. (solvent .+l)? to OWL’ glycerol (210 mg) and 

erythritol (20 mg). The syrupy compound CSD-2 (40 mg) v,as xet~~iatod with 1 : 1 

acetic anhydride-pyridinc (0.8 mL ), to giic a crystalline compound. which lc’as 

recrystallized from cthsnol to yield the hcxaacetate (55 rng). f.J.-m.s data (selcctcd 

ions): UI~Z 621 (M ’ + CH,CO), 579 (M i + I ). 577 (M ’ I ). and 51s (M-’ I 

CH,CO, ). 

Ann/. Calc. for C2jH3J01t,: C, 49.83; H. 5.91. Found: C. 49.67; H. S.Y5. 

Partial h~~lro/~~.ri.u \l,ith mid. --~~- The polysaccharidc (3.0 g ) \\;Is h),droly7cd with 

165mbr sulfuric acid (500 mL) for 7 h at IN’-, and the acid was ncutrallred \fith 

Dowex-I X-8 (CO;-) resin. The resulting. neutral solution was concentralcd to 

-50 mL, and the concentrate was applred to a column (2.0 % -10 cm) of activated 

carbon. The saccharides were eluted stcpwlsc with water (3.0 L), 1 :W ethanols 

water (3.0 L). and I :39 ethanol-Lvater (5.0 L). Fractions (100 mL) \\crc collected. 

and analqzcd by the phenol--sulfuric acid method”“. The fraction clutcd \vltli watt21 

contained monosaccharides (glucose and mannc~) and ~~ligo~:iccharidcs B-I 

(50 mg) and R-2 t IX0 mg). which jvcre rc\pcctivcl> cluted 151th I :w. and I 39 
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ethanol-water; each showed a single spot in t.1.c. (solvent C), and was isolated by 

freeze-drying. 

Acetolysis. -The polysaccharide (5.0 g) in formamide (100 mL) was acetylated 

with acetic anhydride (180 mL) and pyridine (200 mL) for 2 days at 30 “. The mixture 

was poured into 27: hydrochloric acid (5.0 L), with cooling, and the resulting 

precipitate was collected, washed successively with 0.5 9: hydrochloric acid, water, 

and methanol, and dried in vac~o. A solution of the solid in chloroform (200 mL) was 

passed through a column (3.0 x 40 cm) of silica gel (Merck), and the effluent and 

washing (chloroform) were combined, and evaporated to dryness in VCICUO, to give 

acetylated material (6.5 g) which was dissolved in acetic anhydride (150 mL), and 

acetolyzed with sulfuric acid (15 mL) and acetic acid (150 mL) for 9 days at 30”. The 

mixture was poured onto ice cubes (N 700 mL), made neutral with sodium carbonate, 

and extracted with chloroform (4 x I .O L). The extracts were combined, successively 

washed with 1 % sodium carbonate and water, dried (anhydrous sodium sulfate), and 

evaporated to dryness. A suspension of the residue in methanol (30 mL) was centri- 

fuged to remove insoluble materials, and the supernatant liquor was evaporated to 

dryness in VWUO, to give acetylated oligosaccharides (6.4 g). 

The acetylated oligosaccharides (6.4 g) were dissolved in redistilled methanol 

(100 mL), and deacetylated with 5M sodium methoxide (1.0 mL) for 2 h at room 

temperature. The mixture was made neutral with acetic acid, evaporated to dryness, 

and the residue dissolved in water (30 mL), and applied to a column (2.0 x 55 cm) 

of activated carbon. The saccharides were eluted stepwise with water (3.0 L), 1 :99 

ethanol-water (4.5 L), and 1 : 39 ethanol-water (7.5 L). Fractions (300 mL) were 

collected, and analyzed by the phenol-sulfuric acid method”. Oligosaccharides B-3 

(136 mg) and T-l (293 mg). respectively eluted as a single peak with 1 :99 ethanol- 

water and as the first peak with 1: 39 ethanol-water; each showed a single spot in 

t.1.c. (solvent C), and was isolated by freeze-drying. A mixture (248 mg) of T-l and 

B-2 was eluted as the second peak with 1 : 39 ethanol-water. 

Chemical analyses of the oligosaccharides. - The oligosaccharides (N 3 mg), 

each permethylated by the method of Hakomori3, were hydrolyzed with 0.25~ 

sulfuric acid, and the resulting methylated sugars were analyzed as the alditol acetates 

by g.1.c.” and g.l.c.-m.s.’ ‘. The sugar composition of the oligosaccharides was 

analyzed as the alditol acetates’ * by g.1.c. after hydrolysis with 0.5M H2S0, for 5 h 

at 100”. Analyses of nonreducing termini were conducted by t.1.c. (solvent C) of 

hydrolyzates (0.5M H,SO, for 5 h at 100’) of the oligosaccharides reduced with 

sodium borohydride. 

a-D-Mannosidase digestion. - Each of the oligosaccharides (- 1 mg) in 50mM 

citrate-phosphate buffer, pH 4.0 (1.0 mL), was incubated with a-D-mannosidase 

(30 mu) from the liver of Turbo corm&s (Seikagaku Kogyo, Ltd.) for 1 day at 37”. 

The mixture was desalted with Dowex-50 X-8 (HC) and Dowex-1 X-8 (CO:-) resins 

under cooling. The resulting, neutral solution was concentrated, and then subjected 

to t.1.c. (solvent C). 
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