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There is a strong tradition in Japan from older times that Basidiomycetes 

belonging to the Myporaceae family are effective against cancer. Ikekawa et al. 

have already reported that the hot-water extracts from the Polyporaceae fungus 

family inhibit the growth of solid-tumor Sarcoma 180 implanted subcutaneously 

in mice, and the activity is attributable to (1 +3)-~-D-glUCatIS1*2. Such antitumor 

glucans have been also obtained from a number of other sources, such as yeast, 

fungi, bacteria, and plants3. 

Two highly purified fl-D-glucans were isolated from the hot-water extracts of 

fruit bodies of Ganoderma applanatum by a combination of fractional procedures, 

including precipitation with ethanol and with Cetavlon, and sequential chromato- 

graphy on columns of DEAE-cellulose, Sephadex G-100, and Sepharose CL 4B, 

and affinity chromatography on concanavalin A-Sepharose CL 4B. Both of the 

b-D-glucans designated as F-I-l al-p and F-I-l a2-B gave single, symmetrical peaks 

on ultracentrifugation, on zone electrophoresis, and by gel filtration on Sepharose 

CL 4B. The molecular weights of F-I-lal-fi and F-I-la2-b were estimated by sedi- 

mentation analysis to be 1.01 x lo6 and 3.02 x IO’, respectively. The protein 

content of these glucan fractions, as determined by the method of Lowry et u!.~, 

was negligibly low (0.12-0.15 %). The antitumor effect of the glucans against sub- 

cutaneously implanted Sarcoma 180 are shown in Table I. The antitumor active 

fraction F-I-la was further divided into the very active fractions F-I-l al-p and F-I- 

la2-/?. The highest activity of the material tested was observed in F-I-la2-P (complete 

regression 5/5, with a single dose of I mg/kg). The ID,, indicates noteworthy activity 
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“Sarcoma IS0 cells (2 10”) were inoculated subcutaneoustv into the breast regton of m~cc. “lkxc 

. level that inhibits tumor grc&th in W’,, of the control. 

at the low dose level of 0. I5 mgikg. The present sample is one of the most &ecti\,e 

antitumor glucans reported’ _ ‘. 

F-I-lal-P showed [zlD 4-X (0.5~. sodium hydroxide) and F-I-l&-/I +23 

(water). Both also showed characteristic i.r. absorption for /I-glucosides at S90 cm-- ‘. 

Methylation analysis employtng g.l.c.-tn.s. of O-methylalditol ncotates used charac- 

teristic retention-times (7-values)* and response-factors pt-evtoudy dctermtned fat 

the individual constituents“. F-l- I at -/I gave the 2,3.3,h-tctra. 7.3.-L or 2.3.0-tri. and 

2,&di-O-methyl derivatives in the tnolar ratto of 1 .O: 2.2 : I .O. and F-l- I a’-/i 111 the 

molar ratio of I .O: 3.4 : 1. I. Treatment of F-l-la I-/i lvith sodium metaperiodatc Icd 

to consumption of 0.43 mol of periodate and tdrase of 0.N tool 01 i’ormtc acid 

per glucose residue, and for F-I-la?-/) the values bverc 0.11 mol oi‘ per-~odate and 0. 1’1 

mol of formic acid. The results suggest that [>-glucose restdues are present both ah 

chain residues linked through O-3, and as branch points at O-h. The “C-n.m.t 

spectra of these two glucan fractions u’ere characteristic of ;I ( I --+6)-branched ( t -3)- 

,U-c>-glucan as reported for schirophyllan’ “.I ’ :tnd lcntinan’ ‘. The proton n.m.r. 

spectra of the glucans trt D,O at 90“ also sho~cd anumeric signals at (5 -I 75 and I.56 

(doublet, J, ,2 8.0 Hz) involved in the I$-( I +3)- and I!-( t --,(,)-linked glucopyranos~l 

residues. respectively’ ‘. From these resuitb. w concluded that the highI>, purified 

P-r>-glucans have very stmilar basic structural features 

In contrast. the anlitumor inacttvc fractions I--I-lal-r and F-I-la?-x \%ere 

shown by methylation anatysi\ and by ‘H- and ‘3C-rr.m.r. spectroscop> “.‘.’ to bc 

x-D-glucans of the gtycogen type having average chain-lengths of _ 8 glucox rc5tdues. 

The former had [%I,, _t I X:! ’ and the latter + 17X’ (water). These glvccyen-types 01 
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glucans have been detected in numerous Basidiomycetes and in yeast, and is recognized 

as a fungal componenG4. 

Additional evidence for the structures of the very active antitumor fractions 

was provided by enzyme digestion. The enzymic hydrolyzate of F-I-1al-P and 

F-I-la2-P by the exo-( 1+3)-/?-D-glucanase of Basidion~~~cetes sp. QM 80615 after 48 h 

of incubation revealed only two components, corresponding to glucose and gentio- 

biose, by paper chromatography (p.c.) and by high-performance liquid chromato- 

graphy (l.c.). F-I-lal-p gave gentiobiose and glucose in the molar ratio of 1.0: 1.8, 

and F-I- la2-P gave the ratio 1 .O : 1.9, as shown in Fig. 1. The elution pattern of the 

enzymic digestion products on a column of Bio-gel P-2 also showed two peaks for 

D-ghCOSe and apparent glucose disaccharides, and no trace of the initial polymer was 

detected. F-I-1aZp was further subjected to prolonged periodate oxidation, and the 

resulting polysaccharide polyaldehyde was reduced to the corresponding polyalcohol 

by conventional treatment with sodium borohydride16. The polyalcohol was then 

analyzed by enzymic hydrolysis as already mentioned. The expected D-glucose and 

6-O-substituted D-glucose’ ’ were detected. The latter was separated by l.c. and 

identified as 1 from its 13C-n.m.r. spectrum, as shown in Fig. 2, using assignments by 

analogy with earlier data13*‘*. The molar ratio of D-glucose and 6-O-substituted 

D-glucose was 2.1 : 1.0: this value corresponds closely to the result of enzymatic 
analysis of F-I-la2-/?. These structural investigations indicate that the two highly 
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Fig. 1. (a) Paper chromatogram of the enzymic digests of F-I-la2-B (A) and polysaccharide polyol 
(B). [Solvent, 12: 5 : 4 ethyl acetate-pyridine-water. Gentiobiose; Rcle 0.58,6-O-substituted D-glucose; 
Rvre 0.85.1 (b) High-pressure, liquid chromatogram of enzymic digests of F-I-la2-fi (A) and its 
polysaccharide polyol (B). [0 designates the point of sample injection. The broken, base-line peak 
denotes the solvent front. Peaks a, b, and c correspond to glucose, gentiobiose, and 6-O-substituted 
glucose, respectively. Solvent; 3 : 7 water-acetonitrile pumped at 0.8 mL.min~l.] 
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Fig. 2. *,‘C-N.m.r. spectrum of6-O-wbstltuted ~~-gl~~co~e (7 mg:0.3 ml.) III I~~0 at room temperature. 
[The spectrum was measured in a 5-mm tube at 3 hlHr with complete prottw decoupling. C’hcmrcnl 

shifts: tn p.p.m. downfield from external MelSl. Accumulation: 30.000 Kepetitlon. 0.2 \ 1 

purified /?-D-glucans are highly branched polysacchartdes contatntug ;I framework 

of ( IA3)-ltnked /Gr+glucopyranosyl residues, substituted af O-h tn c\‘cr> third wsdue 

with single branches; (l+h) inter-residue itnhages at-e absent. 

Concerntng the relationship between polysacchartdc structure and antitumor 

activity, It is interesttng that F-I-lal-/i and F-I-IS-/i. although having ~cry \imtlar 

structures, have different levels of activity. being htgher tn I?C‘ Intt~r and louet 

in the former. The \ame relationshtp has &o been obscrvcd I_, the :tntttumor /I-r>- 
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glucans from the fruit bodies of Fomotopsis pinicolu’ ‘, indicating that not only are 

the primary structures of antitumor /I-D-glucans important for activity, but such 

factors as molecular size and solubility in water are also significant. 

EXPERIMENTAL 

Polyporaceae fun@. - The dried fruit-bodies of wild G. applanatwn used 

were collected in Senzu, Shizuoka prefecture of Japan. The material was identified 

by Dr. K. Aoshima. 

General methods. - Sugar composition was determined by g.l.c. of alditol 

acetate derivatives of the monosaccharides produced by hydrolyzing the corre- 

sponding polysaccharide specimens in 0.5nq sulfuric acid for 5 h at 105”. using a 

column” of 3 7; ECNSS-M at 190”. Optical rotations were measured with a Union 

Automatic Digital Polarimeter PM-101. 1.r. spectra were recorded with a Jasco A-102 

spectrometer, and ‘H- and 13C-n.m.r. spectra with a JEOL FX-100 MHz spectro- 

meter with deuterium oxide as the solvent and sodium 4,4-dimethyl-4-silapentane- 

sulfonate as the internal standard. Zone electrophoresis was conducted on Whatman 

GF/A glass microfiber paper (5 x 57 cm) in 0.1~ sodium tetraborate (pH 9.3) at 

2,000-3,000 V for 60 min, and carbohydrates were detected according to Shida 

et al ‘l Sedimentations were performed in a synthetic boundary-cell at 60,000 r.p.m. . 

at 20” by using a Hitachi model USA-IA ultracentrifuge, equipped with an RA60HC 

rotor. The concentration of polysaccharide was 0.1 ‘:,, in water or 0.5~ sodium hy- 

droxide. P.c. of hydrolyzates of enzymic digestion was performed on Toyo No. 50 

filter paper by the multiple-ascending method. 

Isolation of antitumor /hD-ghcUilS. - The fungus (3 kg) was cut into small 

pieces immediately after harvesting and disintegrated in a blender. The resulting slurry 

was treated with 907; ethanol (30 L) for 2 h. The residues were extracted with hot 

water (20 L) for 3-4 h, and this procedure was repeated once more. The combined 

extracts were concentrated and dialyzed. A precipitate that formed during dialysis 

was removed by centrifugation and discarded, and the crude polysaccharide (12.5 g) 

was precipitated by an excess of ethanol. The water-extracted fraction was dissolved 

in water (200 mL) and the solution applied to the top of a column (4 x 65 cm) 

of DEAE-cellulose (Cl- form). The column was eluted with water (4 L), and the 

almost colorless effluent concentrated to low volume (300 mL) and poured into an 

equal volume of methanol. The precipitate was collected by centnfugation, washed 

with ethanol, and dried in vacua. This fraction was designated as F-I (2.1 g). Next, 

200 mL of ethanol was added to the supernatant solution; the precipitate obtained 

was termed F-II (0.42 g). The final fraction (I. I g, termed F-III) was recovered from 

the supernatant solution by addition of 400 mL of ethanol. 

F-I (3. I g) was applied to a column of Sephadex G-100 and fractionation was 

conducted as described (Gel filtration) to yield F-I-I (I .5 g) and F-I-2 (0.3 g). F-I-I 

was eluted very near tile solvent front (tube numbers 25-34) and gave glucose as 

the main sugar on acid hydrolysis, whereas F-l-2 (eluted in tube numbers 35-55) 
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gave a heterogalactan fraction’l. For F I-l, gradual precipitation was performed by 

treatment wtth cetyltrinlethylammonlum bromide (Cetavlon) 111 borate buffer at 

different pH \alueb2’. Fraction F-l-l (1.4 g) was dissolved tn water and treated with 

equal volumes of 0. 15kl Crtavlon and 0. I hl tx~r:ttc h11fl.0 (pti 8.0 L The solution was 

adjusted to pH ‘4.0 with 0.5~1 \oJium hydrostdcand the prccipttate formed \+,;I\ washed. 

dissolved in 7~ acetic ac~ci, and the solution pout-cd into 3 \,c>lumcs 01‘ mctftanol. The 

prectpitato (F-l-l a) was ~ucces~iv~Iy \vashed wtth methanol and acetone. and drted 

ifi r~cmo: yeld 920 mg. The supernatant solution ~vas treated hy the I’orcgotng proce- 

durc to give 250 tng of an additional product (F-I- lb). Th c’ \upern:ttatrt 4ution at 

pH I I.0 was poured into three volumes of methanol to b “i\ic 110 tmg 01‘ precipitate 

(F-I-lc). F-I-In (800 mg) was then divided into F-I-la1 (fubc number:, 1%30. 70 mp) 

and F-I-la3 (tube nt.tmbcr\ 31 ~46. 640 tng) on a column of‘ Qpharose C’L -113. 

Further subfractionatton of F-I- I a 1 and F-l-ia? wa< performed on a column 

(3 0 x 30 cm) ofconcanalalin A Sephat-nsc CL 4B”‘. A solution clt’F_-i-12 (50 mg) 

was applied to the top of the column. Lvhich WLC cluted \tlth 0. I M sodium phoaphatc 

buffer at pH 7.0 and 25 T‘hc etlluent \\as collected it1 I O-m L. l’r;tcttr~n\. The cluate 

wa$ monitored for neutral carhohqdrates by the phenol sult‘uric acid asa!. \+‘hen 

nonadsorbed carbohydt-ate had hecn cluted, the cluant W;I~ changed to 5mx1 metlt>l 

x-@ucostdc M sodtum chtortdc at pH 7.0. The clutcd poly~accltaridc. passctl 

through a column, was continuously dialq& by using ;I %c~nch IIt;~l!;/et- (F-una- 

koshi Pharmaceutical Co. Ltd. ). tn order to rcmovc methyl r-r+glucoGtie contained 

in the eluant. The nonadsorbed fraction (tube numbers ‘)- 17, F-l- I d-/i) \v;t~ conccn- 

trated, dialyzed. and t‘rcerc-dried to gibe 30 m.g of product. and the adsorbed fraction 

(tube numbers 44-31). F-I-la?-x) gave 12 mg. Similari>, subfr;lcttonatlnlt of F-l- I ;I I 

gave 33 tng of F-I-la]-/: and X mg of F-I-lal-7. 

.1.s.rtr,~ q/ NU~~W?W. ~~irif~,. ~~~ Antttumor actrvtth was tested by the method of 

Chihara CI r/l.“. 6 7-Day-old ascitcs of Sarcoma I X0 ~a\ transplanted subcutanc- 

ously tnto the breast region of female ICR ,.ICI_ mice (7 ~cel\s) The et’fecttl e dose wab 

determtned tn t\vn waqs. The test samples, dissolved in saline. w~‘rc iniccted tntra- 

peritoncally at a single dosage, startin g 3 days after tremor t1.3IlspI3tlt;lttC)n. After 

25 days, tho tutnnrs wcrc dt\sccted out and the dimenst(ms tneasttrcd tc> determine the 

inhibition ratio. At the end of45 days. the tntw ~\t’rc hulled, and contplcte tqyrssion 

of the tumors M’;IS recorded. 

Grlfiltratiw7. Solutions of the polysaccharidc (30- 90 tng) in 2 -3 mL of \Latct 

were applied to columns of Sephadcx G-100 (1.5 r’ I I5 cm). and Sephnrosc CL 4B 

(2.6 x 100 cm). The columns iverc cluted with 0.05~ sodium chlortdc. collecting 

13-tnL fractions, in the C;IXC of Sephadsx G-100 and X-mL fractions for Sepharosc 

CL 4B. The degree of pal! meriration (d.p. I of the cnrym~c hydraly/artz was deter- 

mtncd by gel iiltration through a column ( I .S ‘J 100 cm) nt‘ Bio-gel P-2. li~llov+ed b> 

elution with water. Fractions of I mL i\cre collected. IIc cartx~h~dratc content o! 

each fractton was determined by the phenol-sulfurtc acid mcth~~l. 

i\It’tll_L~lc7tiOll (!I sy/Llc L/II. Each glucan \\‘a~ fully mcthylatcti b> the method c,f 

Hakomori”. a~ modified h! I.tndhergK. Meth~~latecl \ugat.~ new con\ ertcd Into thetr 
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alditol acetates as already mentioned, and analyzed by g.l.c.-m.s. A Hitachi 063 gas 

chromatograph coupled to a Hitachi RMU6M mass spectrometer data-system was 

used, with 3 % ECNSS-M on Gas Chrom Q (stainless steel, 0.3 x 200 cm) at 180”. 

Periodate oxidation andpolJ,saccharide pol~‘ol. - To 15 mg samples of F-I-l a 1 -p 

and F-I-la2-P, 0.01~ sodium metaperiodate was added, and the mixture was stirred 

in the dark for 20 days at 5 ‘. The periodateconsumption was measured spectrophoto- 

metrically 25. Formic acid was titrated with 0.01~ sodium hydroxide and, following 

reduction of the excess of periodate, the solution was made neutral with barium 

carbonate. In the case of F-I- 1 a2-/& the filtrate was reduced with sodium borohydride 

(15 mg) for 20 h and then adjusted to pH 5.0 by addition of acetic acid. The solution 

was dialyzed against running water for 2 days, and freeze dried. The resulting poly- 

saccharide polyol was subjected to enzymic analysis. 

Enz~nzic hydrolysis. - Exo-( 1+3)-&D-glucanase was prepared from a culture 

of Basidiomycetes sp. QM 806 according to the method of Huotari et a1.15. The puri- 

fied enzyme had I20 units of specific activity per mg, as assayed under the conditions 

described. Samples (5 mg) were dissolved in 1 mL of 0.05~ acetate buffer (pH 4.8), 

and incubated for 48 h at 40” with the enzyme. After inactivation of the enzyme by 

heating for 10 min at loo”, each incubation mixture was analyzed by pc., by l.c., 

and by gel filtration on a column of Bio-gel P-2. L.C. was performed with a PNH,-IO/ 

~2504 column (4 mm i.d. x 25 cm) in a Shimazu LC-3A liquid chromatograph 

equipped with an RID-4 differential refractometer. 
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