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ABSTRACT 

An antitumor D-mannO-D-gkan from Microellobosporia grisea, an ac- 
tinomycete, has a tetrasaccharide repeating-unit structure, a single a-D-mannosyl 
group being located at both O-3 and O-6 of every other p-D-(l-4)-glUCOSyl re- 
sidue. The D-mannosyl groups and D-glUCOSyl residues of the mannoglucan were 
polyhydroxylated to various extents by controlled periodate oxidation followed by 
borohydride reduction. The derivatives (PA mannoglucans) were further subjected 
to mild hydrolysis with acid, to give partially debranched mannoglucans (PA-H 
mannoglucans). These derivatives were tested for antitumor activity against 
Ehrlich carcinoma solid tumor in mice. The PA mannoglucans having degrees of 
polyhydroxylation of less than -50 and 2% of the D-mannOSyl groups and D-gluco- 
syl residues, respectively, showed high antitumor activities, similar to that of the 
original mannoglucan, whereas further polyhydroxylation resulted in a marked de- 
crease in, or complete loss of, the activity. The PA-H mannoglucans, lacking 5- 
40% of the D-mannosyl branches, still had potent antitumor activities, comparable 
to that of the original mannoglucan. On the basis of these results, the relationship 
of the structure of the mannoglucan to the antitumor activity is discussed. 

INTRODUCTION 

In previous studies, a polysaccharide exhibiting potent antitumor activity was 
isolated’ from the culture filtrate of MicroellrJbo.sporia grisea, and it was shown’ to 
be a D-manno-D-glucan (MG) having a tetrasaccharide, repeating-unit structure as 
follows. 

It was suggested that the D-mannosyl groups are responsible for the anti- 
tumor activity and water solubility of MG; partial introduction of some ester 
groups into MG resulted3 in a decrease in, or complele loss of, the activity. The 
previous information prompted us to investigate the role of the D-tIIannOSyl 

branches in the antitumor activity, and the interrelation between the activity and 
the structure of MG. 

We now report a comparison of the antitumor effects of periodate-modified 
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Of the PA mannoglucans. PA-300, obtained by oxidation of MG with a large ex- 
cess of periodatc followed by borohydride reduction, corresponds to MG polyal- 
cohol (see formula l), which has been used* for Smith degradation of MG; com- 
plete hydrolysis of PA-300 with acid yielded, in fact, glycerol. erythritol, and gluco- 
seinthemolarratiosof2.0:1.1.1.0. 

In the other PA mannoglucans, all of the C-C bonds of glycol groups in MG 
should not be split by periodate oxidation, because of a shortage of periodate for 
complete oxidation, such as in the case of PA-300. In this instance, the D-mannosyl 
groups of MG may undergo periodate cleavage of either the C-2-C-3 or the C-SC- 
4 bond, in addition to cleavage of both bonds. Information on the mode of cleavage 
can be obtained by complete hydrolysis of the PA mannoglucans with acid; glycerol 
in the hydrolysis products arises both from single cleavage of C-3-C-4 bonds and 
cleavage of both the C-2-C-3 and C-3-C-4 bonds in the D-mannOSy groups, and 
erythritol from both single cleavage of C-2-C-3 bonds in its groups and of that in 
the (1+4)-linked D-gluCOSyl residues (see Scheme 1). 

In order to elucidate the mode of cleavage, the PA mannoglucans were sub- 
jected to complete hydrolysis with acid, and the resulting sugars were analyzed as 
alditols by g.1.c. The analytical data are summarized in Table IT. The production of 
erythritol from PA-S, PA-IO, and PA-25 was negligible, and slight from PA-35 and 
PA-50. This indicates that, under oxidation conditions employing a molar ratio of 

periodate to sugar residue of c0.S: 1, there occurs essentially neither single cleav- 
age of C-2-C-3 bonds in the D-mannosyl groups nor cleavage of C-2-C-3 bonds in 
the (1+4)-linked D-glucosyl residues. The slight production of erythritol appears 
to proceed by the latter cleavage. 

On the other hand, the production of glycerol from the PA mannoglucans in- 

creased with the ratio of periodate to sugar residue employed for their preparation, 
and was accompanied by degradation of the D-mannosyl groups (see Table II). The 
production of formic acid during periodate oxidation (see Table 111) was signifi- 
cantly less than the degree of degradation of the n-mannosyl groups in PA-25, PA- 
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SO, and PA-100. indicating the occurrcncr of a certain Gngls cleavage of C-C 

bonds (C-3-C-4 bonds) in the D-mannosyl groups. hesides the cleavage of both 

bonds. 

From these rcsultn. it may he concluded that periudatr cmclntion of the U- 

mannosyl groups proceeds by primary cleavage of the C-3-C-4 bonds. fallowrd by 

wcondary cleavage of the C-Z-(_‘-3 bonds. and that the glycerol is a prtxhtct of the 
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TABLE II 

PA-5 1.00 0.86 0.06 <O.Ol 6 (V <2 
PA-10 1.00 0.x0 0.15 <O.Ol lb(Y) 12 
PA-25 1.00 0.61 0.33 <O.OI 35(31) <2 
PA-35 1.00 0.43 0.45 0.01 51 (51) 2 
PA-50 1.00 0 16 0.76 0 02 83 (X2) 4 
PA-100 1.00 0.00 1.1 0.20 100(l00) 32 
PA-300 1.00 0.00 2.0 I.1 loO(lO0) IDO 
MG 1.no 0.88 

“Mannoglucan (Mti) was modified by c‘mtrnlled permdate ox,dat,on and horohydnde reduc,,on. bPA 

mannoglucans (PA-50 and PA-100) were first hydrolyzed with lR:7 sulfunc acid-water at morn tcmper- 
ature, and then with 0.5~ sulfunc aad for 5 h at 100’. and the others wth 0.5~ sulfuric acid for 5 h at 
l(K)“. ‘Calculated, based on the format,on of glycen,,; [g,yccro,,,mannrrse + g,ycero,)] x 100. “Calcu- 

lated. baaed cm the formation of rrythntol; jerythntol/(glucose + crythntol)] x 2.10 ,l x 100. ‘Calcu- 

lated. based on the degradation uf mannosyl groups in MC; [ 1 - mannoze/(glucose + erythritol) x 
0 xx-‘] x 100. 

TABLE III 

PA mo”nogl‘r-on Releaw offormc mid pet Clenvage of C-C bond 1% J 
sugar residue (mol) 

Type ia)” Type (b)’ 

PA-25 0.05 (O.Il)” II 20 

PA-50 O.lO(O.21) 21 61 

PA-100 0.35 (0.75) 75 25 
PA-300 0.45 (Q.96) 96 4 

“Mannoglucan (MG) was oxidized with pcriodnte. to give the PA mannoglucan. ‘Cleavage of both C-2- 

C-3 and C-3-C-4 bonds in a-D-mannosyl group. ‘Single cleavage nf C-3-C-4 bond in u-o-mannosyl 

group. dPer u-u-mannosyl group. 

acid hydrolysis of the PA mannoglucans other than PA-300, derived both from the 
single (C-3-C-4) and the double cleavage of the D-mannosyl groups in MG. 

Thus, such polyhydroxy groups as groups a and b, and c (see Scheme I), re- 
spectively originating from the D-nWtnnOSy~ groups and the (l-+4)-linked D-ghKosyl 
residues, are present in the PA mannoglucans in the percentages given in Table II. 
The percentages of groups a and b present in some PA mannoglucans arc shown in 
Table III, where the ratios of group a were obtained from the production of formic 
acid per D-mannosyl group. The degrees of polyhydroxylation of D-mannosyl 
groups, calculated on the basis of the production of glycerol, were in good agree- 
ment with those of degradation of D-mannosyl groups, except in PA-5 and PA-IO 
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glucans, increasing with the proportion of the polyhydroxy groups eliminated (see 

Tables I and V); the meaning of this observation has already been discussed. 
Arrtitumor activities of MG drrivatir,e.~. - These derivatives of MG were 

tested for antitumor activity against Ehrlich carcinoma in mice. As shown in Table 
VI, PA-50 and PA-100 showed little effeci on the tumor by i.p. administration at 
a dose of 100 mg/kg, and PA-300 had lost the activity, whereas PA-25 had a high 

antitumor effect. Other PA mannoglucans (PA-5-PA-35) exhibited potent anti- 
tumor activities at a dose of 10 mgikg, comparable to that of MG (see Table VII). 

‘I‘hese results indicate that the polyhydroxylation of at least -50% of the D- 

mannosyl branches keeps MG from loss of antitumor activity, so long as polyhy- 

droxylation of the main chain is slight. In addition. it marked decrease in the activ- 

ity of PA-SO. polyhydroxylated to the extent of only 4% of the (1+4)-linked D- 

glucosyl residues in the main chain and to -80% of the side chains, suggests that 
the main chain (cellulose), besides the presence of a certain proportion of the D- 

mannosyl branches, plays an important role in the antitumor activity. It is not clear 
whether the polyhydroxylation of the side chains or that of the main chain resulted 

PA-4H I .oo 0 x7 0.01 17 ‘;3 5 (lY 

PA-IO11 I .oo 0.81 0.03 20 xll 13 (3) 
PA-25H I.00 0 59 (I.07 11 79 28 (7) 

PA-3SH 1 .oo 0 12 (1 10 22 JR 4O(ll) 

‘PA mannnglucans wcrc rrcatcd with 0 25bf sulfurx ac~l for 24 h al rwxn remperature. hPA-H mannu- 
gluwnn WSTC hydrulyrcd with 0.5h, sulfurx ac,d f<>r 5 h at 100” ‘Potyhydrony groups non-eliminated 
from PA mannoglucans. “Polyhydrory groups ehmlnated from PA mannoglucans ‘Lass of potyhydroxy 

groups originating tram a-wmannoql groups ot mannoglucan (M(i). ‘Revdual potyhydroxy groups in 
PA-H mannogtucans 

TABLE V 

PHYSlCcKwEMlCAL PROPkRTlES OF PA-H MANUOGL”CANS 

PA-511 94 100 +63 

PA-IOH 90 92 +59 

PA-25H x0 79 +44 

PA-35H 76 62 +32 

“Estimated by gel-permeation chmmstography wth dcxtran as the standard. ‘~0.5, water. 
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antitumor activity has been reported by Misaki et al.‘, and it was suggested that the 
polyhydroxy groups derived from the side chains are responsible for the antitumor 
activity of the periodate-moditied glucan. In the case of MC;, a highly branched D- 
IWUInO-D-giUCan, the partial polyhydroxylation of the D-mannOSyl side chains did 
not affect the antitumor activity, so long as the polyhydroxylation of the main chain 
was slight. These results indicate the great dependence of the antitumor activity of 
polysaccharides on their higher structures. 

EXPERIMENTAL 

Materials. - The D-manno-D-glucan (MG) was prepared as described previ- 
ously' 

Preparation of PA mannoglucans. - MG (5.0 g) in water (1.0 L) was 
oxidized with a 1.65% aqueous solution of sodium periodate (20 mL) for 14 days 
at 5’ in the dark. The partially oxidized mannoglucan was then reduced with 
sodium borohydride (0.5 g) for 1 day at room temperature. After decomposition of 
the excess of borohydride by addition of acetic acid to a final pH of 5, the mixture 
was dialyzed against de-ionized water at 5’. The non-dialyzable solution was con- 
centrated to -350 mL, centrifuged to remove a trace of insoluble materials, and 
the supernatant liquor poured mto ethanol (1.0 L). The resulting precipitate was 
collected by filtration, washed successively with ethanol and acetone, and dried 
over P,O, in IUCUO, to give PA-5 (4.78 g). 

Other PA mannoglucans, PA-10 (4.75 g), PA-2S (4.72 g), PA-35 (4.68 g), 
PA-SO (4.38 g), PA-100 (4.21 g), and PA-300 (4.10 g) were prepared from MG (5.0 
g) as just described, by oxidation with 40, 100. 140, 200, 400, and 1200 mL of the 
periodate solution, followed by reduction with 1.0. 2.0, 3.0, 4.0, 5.0, and 7.0 g of 
sodium borohydride, respectively; in the preparation of PA-300, the excess of 
periodate was decomposed with ethylene glycol before addition of borohydride. 

Preparation of PA-II mannoglucans. ~ The samples (2.0 g in 150 mL of 
water) of PA-5, PA-lo. PA-25, and PA-35 were treated with 0.5~ sulfuric acid (1.50 

mL) for 24 h at room temperature. After neutralization of the acid with 3M sodium 
hydroxide, each mixture was dialyzed against de-ionized water. The non-dialyzable 
solution was concentrated to -200 mL, and the concentrate was poured into 
ethanol (600 mL). The respective precipitates resulting were collected by tiltration. 
washed successively with ethanol and acetone, and dried over P205 in vacz~o, to 
givePA-5H(1.87g),PA-lOH(1.79g).PA-2SH(1.60g),andPA-35H(1.52g). 

Amdyses 01 MC derivatives. - The samples (10 mg) of PA-50 and PA-100 
were hydrolyzed sequentially in 1X:7 sulfuric acid-water forO.5 h at room tempera- 
ture, and then in 0.5~ sulCuric acid for 5 h at 100”; this procedure prevented the for- 

mation of insoluble, cellulose-like polymers or oligomers during the acid hydro- 
lysis. Other derivatives (10 mg) of MG were hydrolyzed in 0.5M sulfuric acid (2 
mL) for 5 h at 100”. The resulting sugars and alditols were analyzed as the alditol 
acetates by g.1.c. ‘; the column temperature was programmed from 80 to 190” at the 
rate of S”/min. 
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Molecular weight was estimated by gel-permeation chromatography’ Gth 

dextran T-500, T-70, and T-40 as standards. and oplical rotation was meawl-et1 

with a Perkin-Elmer model 141 polarimeter. 

Production of forrnrc acid on periodarc oxidatiorr. --. MC; (100 mg) \*as 

oxidixd with periodate under the respective conditions used for the- pt-eparatiuns 

of PA-Z, PA-SO, PA-l(X). and PA-300. and the formic acid productir)n was deter 

mined by titration with 1OrnM sodium hydroxide. 

Assay ofafrtiruntor acrivit~. ~ Antitumor activities of hlG and It& derivative\ 

against Ehrlich carcinoma solid tumor in mice were assayed as previously de- 

scribed’. The tumor was implanted S.C. into the right groin CI~ mice. and the test 

samples. dissolved in physiological saline. were administered I. p. 1 tm ICC cm d,y, 12 
and 17. starting 24 h alter tumor implantation. 
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