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ABSTRACT 

Schlzophyllan, a water-soluble /I-D-glucan elaborated by Scht~opl~~ Iluttt 
COI~~~I~II~~E Fries, was partially depolymerlzed by ultrasomc lrradlatlon to a low- 
molecular-weight polysacchande, designated “soruc-degraded schlzophyllan Both 
native and degraded polysaccharldes exhlblted essentially the same antltumor actlvl- 
ties agamst Sarcoma-180 as&es Both &cans are comprised solely of D-glUCOSC 

residues and have a mdm cham of (I -+3)-B-D-glucopyranosyl residues, one out ot 
three glucose residues bemg attached as smgle, (l-+6)-/iI-D-glucopyranosyl groups 
Although both glucans have slmllar structural features, slgnlficant difference\ are 
observed m such physlcal propertles JS molecular weight and mtrmslc vlscoslty 
End-group analysis by usmg radIoIsotope-labeled glucans suggests that ultrasonIc 
degradation occurs mamly by cleavage of glycosldlc bonds of the maIn cham of 
schlzophyllan The molecular weights of the native and some-degraded schlzophyllan 
were shown to be 75 o/o of those of correspondmg, orlgmal schlzophyllan preparations, 
suggestmg that there IS no anomalous lmkage sensltlve to perIodate oxldatlon, and 
ultrasomc lrradlatlon may cause random hydrolysis of (1+3)-P-D-glucosld~~ hnkages 
m the mam cham 

INTRODUCTION 

Glucans contamng (1+x)-j?-D-lmkages, or contammg both (1-+3)-p-~- and 

(1-6)~P-mlmkages, have been found In frultmg bodies and culture broths of such 
fungi as Wet otzzm ghcatrzczm z, Azrt zcztlat za aztrzcrrla-Jzrrlae2, Pzrllzrlrrt za pullzrkatz~ 3, and 
Letmm edodes”, and such bacteria as Akalzgctzes faecalzs’ 

Schlzophyllan, elaborated by Schzzoplz~llIzon cotntmtze Fries IS lIkewIse a P-D- 
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glucan and Its structure has been studied by Klkumoto and co-workers6 ’ It consists 
of a maIn charn of (I +3)-P-hnled o-plucose residues with one (1+6)-P-hnked 

D-glucosvI group for every three glucose residues & 
Durrng mvestIgatlons on the chemotherapeutx apphcatlons of schlzophyllan 

as an antltumor or antunfectlon agent’ ‘, we became aware of dlfficultles m its 

preparation and admmrstratIon for chmcal use because of the high wscoslty of Its 

aqueous solution 
it IS well known that ultrasomc u-radlatlon of polysaccharldes causes de- 

polymerIzatlon The resultmg, depolymerlzed polysaccharldes have been reported 
to have d Io\\er molecular+eI,oht hmn regardless of the Irradlatlon time, and the 
depolymerlzed product has a relatwely narrow molecular-weight dlstnbutlon, even 
If the native polymer has a wde one” 

Our prehmmary study on ultrasomc depolymerlzation ofschlzophyllan afforded 
a lower-molecular-weight degraded polysacchande of low wscoslty which exhtbited 
bIologIca actwty essentially the same as or rather higher than, that of the native 
schlzophyllan 

Thts paper reports the mode of cleavage, and changes m physrcal propertres, of 

schlzophyllan c,msed by ultrasomc lrradlatlon 

RESULTS AND DISCUSSION 

The native polysaccharlde designated “native schrzophyllan“, Isolated from 
the culture filtrate of Sclrr~opl~~II~nn cotm~me Fries by the method of Klkumoto 
L’C ol 6 ’ was essentially free from mtrogen (N CO 01 ‘x,) and gave only D-f$UCOSe by 

hydrolysis \\Ith acid (ar sulfuric acid 6 h, 100”) 
The punhed natwe schlzophyllan was ultracentrlfugally homogeneous (J?~ H, 

13 6 S)_ A 1% aqueous solution was exposed to 19 5 kHz some Irradlatlon at 25” 

for various ttmes At sultable ttme-Intervals, ahquots were taken and the mtrmslc 

wscosmes and release of reducme oroups were measured As shown m Fig 1, the CZZ 
mtrmslc \IscosIty of schlzophyllan decreased durm, 0 the course of ultrasomc lrradl- 
atlon, wth an Increase m the reducmg-group content After 30 and 90 mm of n-radl- 
ation, respectwely the degraded polysaccharldes were subJected to fractlonatlon 
into three fractions by addltlon of 20 and then 25 “/” (final concentration) of methanol, 
to give three fractions, namely, a high-molecular-weight fraction, an IntermedIate 
fraction, and one of low molecular-weight (supernatant) The IntermedIate molecular- 
weight fractions from the polysaccharldes degraded by 30 and 90 mm of IrradIat:on 
were designated S-l and S-2, respectwely Fractions, S-l and S-2 appeared to have 
rather narrower molecular-weight dlstnbut!ons than the natwe schlzophyllan, as 
mdlcated by therr gel-chromatographlc patterns shown In FIN 2 All degraded-glucan 

preparatrons gave smgle peaks In centnfugal analysis, for Instance, fractions S-l 
and S-2 prepared by 30 and 90 mm of irradlatlon of the native schlzophyllan (sZ5 w, 
13 6 S) had sZ5 u_ 8 0 S and 6 S S, respectwely 

Molecular-weight dlstrlbutlons of the natwe and some-degraded schlzophyllans 
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irradlatton time (mln) 

FIN 1 Tm~e course of changes III IntrInbIc \lbcosIty and number ol rcducIng group5 of schIzophyll,m 
solutton during ultrasoruc Irradlatlon The number of rcducmg groups IS exprcsscd as molts 01 
glucose In the somcnted solutton (1 mL) a---0, number ot rcductng group, C-----C mtrmx 
=% rscos1ty 

by gel-filtration chromatography on a column contalmng Scph,ldeu G-100 (lower 
layer), Sepharose 4 B (rmddle layer), and Scpharose 2 B (upper layer), are shown m 
FI,o 2 It IS apparent that depolymerlzatlon of the natwe xhlzophyllan by sonic 
lrradlatlon causes degradation of the polysacchande to give dtffercnt fractions of 
lower molecular-weight, each fraction hawng a narrow molecular-weight dlstrlbutlon 

Intrmw vlscosltles of these fractions were S I x IO’ crn3/g for the natwe sch~zo- 

phyllan (N-PS), 7 02 x lo2 cm3/g for S-l, and 1 66 x 10” cm3/g for S-2, respectively 
These values correspond to molecular weights of 4 3 x 10” for N-PS, 5 6 x 10’ for 
S-f, and 2 3 x IO5 for S-2 as estmlated from the relatIonshIp between the values of 
mtrmslc v[scosIty and wscoslty-average molecular weight of schlzophyllan dcter- 
mmed by Norlsuye et al I1 

The foregolng polysaccharlde fractions gave essentlalfy ldentxal I r spectra, 
each lncludmg an absorption band at S90 cm- I, CharacterIstIc of the /I-glucosIdtc 

hnkage 
Concernmg the structure of schlzophylfan, Ktkumoto CI al 6 7 estabhshed that 

It has a ramdied structure conslstmg of a backbone chain of (1-3)~/I-D-glucopyrano- 

syl residues, one out of three o-glucose residues beln, u substituted at O-6 wth a stngle 
/3-D-glucosyl group, as dlustrated m Fig 3 This structure IS confirmed In the present 
study by methylatlon and Smith-degradation techmques 
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Elut~on volune (mL) 

Fig 2 Gel-filtration patterns of schrzophylians on a connected column 0 -0, N-PS, O-----e, 
S-l a- - - 0 S-2, o-------O, schtzophyllan preparatton after 30-mm of some n-radratton, 
Q-- - - 0 schrzophyllan preparation after 90-mm of some u-radratron 

Fig 3 Structure of schlzophyllan 

To obtam mformatlon on any alteration m glycosrdlc hnkages m the somc- 
degraded schuophyllan, S-l and S-2 were methylated by the method of Hakomon” 
The fully methylated polysacchandes were hydrolyzed by acid, and the parlalIy 

methylated glucoses m the hydrolyzate compared with those from the methylated, 

native schlzophyllan The molar ratios of 2,3,4,6-tetra-, 2,4,6-trl-, and 2,4-dl-0- 

methyl-glucose were 1 00 2 10 1 03 for N-PS, 1 00 I 98 0 98 for S-l, and I 00 
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Fig 4 ‘T-N m r spectrum of N-PS (a) and S-2 (b) m Me&O-r/~ at 100” [Proton-noise-decoupled 
spectrum of each sample (100 mg/l 2 mL), 5,591 accumulatlons] 
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l-95 1 00 for S-2, respectively_ This result confirmed that the Imkage-mode m somc- 
degraded schlzophyllan IS essentially the same as that of the native schlzophyilan 

On perlodate oxldatlon wth 0 01x1 sodmm metapenodate, N-E’S, S-l and 
S-2 all showed slmllar behavror. 0 54 mol of perlodate per glucose residue was 
consumed wth concomitant productlon of 0 23 mol of formic acid, In good agreement 
wth the methylatron data 

The arrangement of D-glucose resrdues In the degraded schlzophyllan \\as 

clammed by Srmth degradation as orlgmally apphed b_v Johnson et rrl for d snmlar 
type of j?-D-glucan’3 ‘+ The oxtdlzed N-PS S-l, and S-2 were reduced wth sodwn 
borohydrrde, and each of the resultin, C = 4ucan-polyalcohols U&S hydrolyzed completely 

wth acid Paper chromatography revealed the presence of glucose and glycerol, 
their molzr ratlo was 3 O-3 15 1 0 111 all glucans as analyzed by g 1 c , after boro- 

hydride reduction followed by converslon Into the correspondmg acetates The re- 
mainder of the glucan-polyalcohol was subJected to mild hydrolysis wth 0 05~ 

sulfuric actd for 2 days dt 30” All glucans hberated glycerol, leaving the corrc- 
spondlng rnsoluble, /Y-(1 --r3)-linked degraded $ucans, as revealed by methllatlon 

30 
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Fig 5 Dependence of speck opncal rotation of N-PS, S-l, and S-2 at 589 nm on the concentratton 
of sodmm hydroade 0 -0 N-PS, O-----8 S-I, (#+ S-2 
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FIN G Change In the absorption mawmum of the Congo Red-schlzophyllan 
concentrations of sodnun hydroxide C --0, N-PS O-O, S-l, a-_-o 
Red solution 
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ZUlalySI5 These results confirmed that all glucans have smgle, /I-( I -+6)-hnked side- 
chains, one out of every three /I-(l-+3)-hnl\ed D-glucose restdues There wets no 
evidence for (I +4)-/&D-glucosld1c hnkages In some-degraded schwophyllan 

Comparisons of the 13C-n m r spectra of N-PS and S-2 In dlmethyl sulfoxlde-rl, 

at 100’ are shown m FI,~ 4 Both glucans showed rune peaks, and the chemvzal shifts 
for S-2 are very close to those of N-E, suggestmg that both glucans have the same 
covalent sequence of D-glucose residues 

The conformatIona structures of (I -+3)-/?-D-glucans have been discussed by 
Ogawa” dnd by Sasaki et ul 16, who reported changes m specific rot&ton and vwblc 
absorption spectra of the complexes formed wth Congo Red, dt vclrlous concentrrl- 

tlons of alkah 
N-PS, S-l, and S-2 showed slmllar abrupt changes m their specific rotations 

over the range of 0 IS-O 24x1 sodium hydroxide, as shown m Fig 5 Fig 6 show 
the formatlon of complexes of these fractions w.th Congo Red In low concentrations 

of alkah (below 0 18~) These results also confirm that the some-degraded schlzo- 
phyllan has the same conformation as that of the natwe schlzophyllan 

The foregomg findmgs suggest that the (I +6)-/?-branchmg lmkages In schlzo- 
phyllan are not sensltlve to ultrasomcatlon under the condltIons employed This 
presumption was also confirmed by the fact that no appreciable release of glucose, 
which might have been dewed by cleavage of (I-+6)-/I-lmked, smgle branches durmg 
ultrasomc Irradlatlon, was observed An aqueous solution of the borohydnde- 

reduced, natwe schlzophyllan (0 92 “/o) was exposed to ultrasomc u-radlatlon at 19 5 

kHz at 25”, and any glucose released, and reducmg end-groups m the u-radiated 
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TABLE I 

CHA-bGES Ih COhTEXT OF GLUCOSE AhD REDUCIhG EXD-GROUPS IN SCHlZOPHYLLAh SOLUTIOU DURIhG 

ULTRASO\E IRRADI4TIO\” 

0 0 0 072 
10 0 OS5 0 476 
30 0 10s 0 839 
90 0281 1 532 

nGIucose content and reducmg end-groups xiere determmed by the D-glucose owdase method and 
Somog> I-NeIson method respectlrel) 

Fig 7 Paper chromatogram of tne sugar fractions m hydrolyzates of tnttated schlzophyllans 
(a), N-PS, (61, S-2 
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solution. were determmed by the D-glucose oxldase method” and the Somogyl- 

Nelson method18, respectively The amount of glucose was neghglble m comparison 
with the mcrease m reducmg end-groups, mdlcatmg that neither essentially no cleavage 
of (l-+6)-/3-lmkages that are attached as single side-chains, nor extensive cleavage of 
the (I -+3)-j?-D-glucosidlc Imkage m the mam cham, occur durmg ultrasonlc treat- 
ment (Table I) 

Further mformatlon on the ultrasomc degradation of this glucan was obtalned 
by paper chromatography of the neutral-sugar fraction from the trltlated N-PS and 

S-2 As shown In Fig 7, acid hydrolysis of both trltlated glucans ylelded only labelled 
glucltol, ;Ith quantltattve recovery of all radIoactIvIty This result lndlcates that the 
posslblhty of such anomalous cleavage as sclsslon between carbon-carbon bonds, 
may be ruled out under these ultrasomc condmon This result confirms that (I -3)~/1- 
D-glucosldlc lmkages m the maln chain of schlzophyllan are cleaved preferentially 
by ultrasomc energy This outcome would be conslstcnt with the fact that the (l-+3)- 
/3-D-glucosldlc llnkage IS the most sensltlve among various types of /?-D-glucosldtc 
Imkages, toward acid hydrolysis 

The presence of a small proportlon of anomalous hnhages other than (I -+3)- 

glucosrdlc Imkages m the long mam-cham of schlzophyllan cannot be estabhshed by 
the foregomg structural mvestlgatlons If the mam cham contams some anomalous 

Imkages, selective cleavage may be possible at these anomalous hnhages by ultrasomc 
treatment The presence of any bond other than the (I +3)-glucosldIc h&age In the 

mam cham was evammed by cornparIng the molecular weights of N-PS, S-l, and S-3 

before, and after, penodate-oxldatlve cleavage Followmg mild, Smith degradation 
of N-PS, S-l, and S-2, each resultmg water-msoluble, degraded glucan was methylated 
and the methylated sugar fragments were analyzed Both methylated S-l and S-2 
gave only 2,4,6-tn-0-methylglucose plus, m the case of methylated N-PS, a trdce of 

2.3.4,6-tetra-O-methylglucose When these glucans were hydrolyzed with dn eke- 
/I-(1 +3)-glucanase” from Bndot~z_~ uteh AM-806 only glucose was detected 111 the 
product These resu!ts Indicate that the Smith-degraded polysaccharlde IS ‘1 hnear 
(I +3)-/l-D-glucan 

TABLE II 

RESULTS FROU VISCOMETRY 0’4 SCHIZOPH\ LLAh SAMPLES IX McsSO A\D THE CORKESPOhDIXC. SWI-H- 

DEGRADED SCHIZOPHYLLAM oh CADOXEN-WATER MIXTURE 

N-PS 432 0331 151 1 20 0 365 105 
S-l 0 98 0 335 177 0 55 0 343 117 
s-2 0 59 0 336 83 0 36 0 340 68 
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Recent work by Norlsuye et cd has shown that native and some-degraded 
schlzophyllan are molecularly dispersed m dImethy sulfoxlde, whereas they exist as 
a triple hehx m water Ii In the present study, the molecular weights of N-PS, S-i, 

and S-2 In dImethy suIfoxlde were computed from the mtrmslc wscoslty 1~ molecular 

weight relation measured by Norlsuye et cd I1 The water-Insoluble, Smith-degraded 

glucans were dissolved m mixtures of water and tnethylenedLamme-cadmium 

hydrowde (Cadoxen) and the mtrmw wscosltles were measured, and compared wth 

data obtamed for curdlan m Cadoxen” All vlscoslty-average molecular weghts of 
N-PS, S-l, and S-2 after mild Smith de,oradatlon were estimated to be -757; of 
those before the degradation, as shown In Table II As these values comclde wth 
those expected from the removal of all (1 +6)-/%hnhed side-chams the maln chain 

should thus consist solely of (1+3)-/i!-D-glucosld~ Imka_pes which are stable to 
perlodate cleavage This result also supports the findm_es of Nonsuye et nl *I that 
schlzophy[Ian adopts a rod-hke conformatlon m aqueous solution, where the exponent 
In the Houwmk-Mark-Sakurada wscosKy 1s molecular wel_ght relatIonshIp IS close 

to 1 7 
As regards bIologIca actwty of schlzophyllan host-medlated antitumor 

actwlty has been already reported’ However, natwe schlzophyllan has not yet been put 

Into chmcal use as a chernotherapeutlc agent because of the hl_ph vlscoslty of Its saline 
solution This problem of high viscosity m:_eht be overcome by controlled, ultrasomc 
depolymenzatlon, as mdlcated by the foregoing experImenta data The somc-de- 

graded schlzophyllan has the same chemical structure as natwe schlzophyllan 
except for Its lower molecular weight Tabie III shows a comparison of the antitumor 
actwtres of some-degraded schlzophyllans (S-l and S-2) wth that of the natI\c 
sch1zophyllan no difference IS ewdent between these polysaccharlde preparations 

In their actwtlex Ultrasonic depolymerlzatlon also gwes the advantage that the 

degree of depolymerizatlon of the degraded polysaccharlde can be adequately 
controlled It appears, therefore that ultrasomc depolymerIzatIon mny prowde d 
more-useful preparation for chemotherdpeutlc apphcatlon 

TABLE I11 

\XTTITLJVOR ACTI\ITLES OF N-PS s-1 AhD s-2 AG\IhST SARCOSI 1-180 (SOLID EORU) I\ WCt 

DOA< Tmm II erghr (g) Inlrrbmotr Conrplete 
nrg/Lg I IIIllLr ~leutr -- s E Ialto (oo)” ~egrcwon~ 

----_-- - _ - 

N-PS IO> 10 0 23 - 0 14; 95 1 6110 
r-1 10, 10 006 - 0021 9s 5 7/10 
s-2 10 10 00s - 0056 9s 1 7/10 
Control - 311 -0327 0 O/l0 

fl’The rnhibIt[on MLIO (I;,) = (1 - T/C) ’ 100 where C IS the aerage tumor-weight of the control 
group, and T IS that of the treated group “Ratio of number ot mre shown-g complete regression to 
number of mice tested 
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Gc~wal ~~wrhoci~ - Spcc~fic optIca rotations and I r spectra were recorded 

at 25” wth a JASCO DIP-SL automdtlc polanmeler and d Dlgdab Model FTS-20 B 

spectrometer, rcspcctwely Sedlmentatlon analysis W&S performed at 4S,OOO r p m 

with a Bcchman Splnco Model E ultracentrlfuge cqmpped wth ‘ui electromc speed- 

control system and Schlwrcn optics regulated at 25” Paper chromatography was 

performed on Whatman 3 MM paper wth IO 3 3 (v/v/v) I-butanol-pyndlne-water 

as solvent 

PI qmr ctttotl of mtrrc mtd Totuc-rksgl add dtr~opll~ lhr - Nat1vC schlzophyllan 

was prepared according to the method descrlbcd 111 the prcwous reports” ’ It w“rls 

dissolved m water _ delomzed with a mlued bed of Ambcrhte I R- I30 B .tnd I Rk-102 

rcslns, and dialyzed and preclpltatcd a+un wth methanol, to afford N-PS The latter 

wds dlssolvcd In water at a concentration of I yi, and 200 mL of the solution wds 

exposed to 19 5 hHz sonic trradlatlon at 25” The lntl IWIC vwoslty and reducmg- 

group content changed, as shown m FIN I The two sonic-degraded sch~zophyllnn 

solutions obtalned by ultrasomcatlon for 30 and 90 men were fractionated, wch 

mto three pal ts, by prcclpltatlon wth methanol to aKord the two tntermedlnte 

molecular-we&it fractions, S-l and S-2 

Comporreut sugar 5 of trutll e cd SOIIIC -&gt crchd TC hl~OJ~~lQ’hl - Each gluc,m 

(IO mg) was hydrolyzed wth u sulfurrc acid (I mL) for 6 h at 100” and the hydrolyzatc 

wets made neutral wth balwm carbonate The sugars were reduced with sodium 

borohydlkde (50 mg) III the dark wth starting for 24 h at room temperature The 

excess of borohydndc ~‘1s decomposed by c.u-eful addltlon of <icetIc acid .md cvclpord- 

tion of methyl alcohol from the p~oduet V~S performed live rimes to ensure removal 

of any exchangeable borate The resultm g aldltols were xetylnted by heatln& wth 

I I pyndmc-acetlc anhydrtde (0 2 mL) f‘or 2 h at LOO”, and the products analyzed 

by g I c wth a column (2 m) of 3:‘: ECNSS-M on Gaschrom Q at l9O3 

A/L fll ~~lutlon of 1rutrr ca Cilld \orlrc-dcgI uckc~ ~iJKOJ~i1~ llm - Methylation \va\ 

performed by the method of Hcthomon” Each preparation (20 mg) \\a drs\olved 

in dlmethyl sulfoxlde (2 mL) Mlth stIrrIng under mtrogcn The solution w~ls trcared 

wth methylwlfinyl carbamon (0 5 mL) for 4 h at room temperature, ,md then with 

methyl lodldc (I 5 mL) for I 5 h .lt 20” The mcthylatIon procedure \\ as repented 

three times, and the fully mcthylated glucan (5 mg) was then hydrolyzed wth go“,, 

formx acid (04 mL) for 12 h at IOO”, and then heated wth 3x1 tnlluoroxetlc acid 

(0 5 mg) for 7 h at 100” The mcthylatcd sugars were acctylated by hearing wth I 1 

pyridlne-acetlc anhydride (0 2 mL) for 2 h at loo”, and the products .m,dyzed by 

g I c wth a column (2 m) of 3’%, ECNSS-R/I on Gasrhrom Q at 190” All mcthylated 

samples gave three peak, which were ldentrhcd cls 2,3,4,6-tetra- 2,-C,6-tn- and 

2,4-dl-O-methyl-glucose, clnd thclr mol,tr r&o wets calculated 

Pcvrodrrte o\ttkttro/r - Each glucan (SO mg) W~F owhzcd wth 0 01 \t sodium 

metapenodate (50 mL) at 5” in the d<lrh The producnon of formic acid and con- 

sumption of perlodate were penod!caliy determmed by tltratIon wth 0 Olhr sodium 



132 K TAB4TX W ITO. T KOJIUA S KAW4B4TA A \IIS\hI 

hydrowde and by the Flew-y-Lange method”. respectwely After completion of the 
oktdatlon (16 days) the reactlon was stopped by dddltion of ethylene glycol (10 mL) 
and the mixture was dialyzed In water for 24 h The resultlns. owdlzed glucan was 

reduced wth sodrum borohydrlde (50 mg) In the dark, wth stlrrm,o for 1s h at room 
temperature A portlon (3 mg) of each &can-polyalcohol was hydrolyzed wth 
3x1 sulfunc acid (1 mL)_ and the hydrolyzate made neutral wth banum carbonate 
(complete Smith degradation) Paper chromatogaphy of the resultmg hydrolysis 
products revealed two spots for each sample one corresponding to glycerol and the 

other to glucose The other portion (12 mg) of each glucan-polyalcohol was hydro- 
lyzed \iith 0 OSu sulfuric acid (1 mL) for 2 days at 30” (mild Smith degradation), dnd 
the degraded glucan was collected by centrlfugatlon Only glycerol could be detected 
by g 1 c of the aldltol acetates of the products obtaIned from the supernatant solution 
Furthermore, paper chromatography of the resulting sugars showed one spot corre- 
spondmg to glycerol m each sample 

Gel-fiftrrrrton clrrornutogroph 1 - The dlsrrlbutlons of the natt\e and sonic- 
degraded schlzophyllan preparations \iere mvestigated by zel-filtratlon chromato- 

graphy on a column (diameter Z 6 cm) pachcd with a lower layer of Sephadcx G-100 
(length. 16 cm) a mlddle layer of Sepharose 4B (length. 20 cm) and an upper layer 
of Sepharose ZB (length 36 cm) after eqwllbranon \\lth 50mhr sodmm acetate 
buKer, and subsequent elutlon wth the same buffer The eluate was collected In 
5-mL portlons and the content of carbohydrate m each fraction measured by the 
phenol-sutfurrc acid method’” The elutlon-profile of each sample IS shown In FIN 2 

Detet mtnatton of ttttt tnstc 1 I w ostt 1 mrl trrrtdwt of I dtrc ng cwd-gt orrps dw III~ 

the (otuw of dt~cIsomwtlou - An aqueous solution (1 I>‘,, 250 mL) of N-PS was 
reduced wth sodturn borohydnde (100 mg) with stIrrIng for 24 h at room temperature 
The excess of borohydrtde was decomposed by careful addition of acetlc acid and 
the reduced product uas dialyzed m water for 2 days, and the nondlalyzable solution 
was drlea m ~CICLIO 

The reduced schlzophyllan was dissolved m water (I SO mL) at a concentrdtlon 
of I’:/, and the solution exposed to 19 5 kHz some lrradtatlon at 25” At sultable 
time-mtervals. the Intrlnslc vlscoslty was measured, and the number of reducmg end- 
groups WE determlned by the Somogyl-Nelson method” 

Idemtficutton qf t/w potnt of tt ttmttotr tn the schtzopir~ llcrr~ rnolrcrrle - Sodium 
[3H]borohydrlde (3 S mg, 25 mCI) was dissolved In Ar,N-d~methylformam~de (2 mL) 

and the solutlon \\as nwed wth non-radloactwe borohydnde solutlon (0 2 mL) 
and 0 OkI sodium hydroxide (4 mL). and then added to aqueous solutions (15 ms/mL) 
of N-PS and of S-2 The soluttons were incubated for 4s h at 25”. and the reactIons 
were stopped by addmg 1 mL of acetIc acid The acldlc mixtures \\eere then evaporated 
to dryness and the residues dissolved m 0 5 mL of XI acetlc acid and agam evaporated 
The procedure was repeated five times to ensure the removal of any ewhangeable 
trltuun as C3H]H20 After hydrolysis wth 2\r trlfluoroacetlc acid (1 mL) for 1 h 
ar 120”, each hydrolyzate was d&led, dissolved In water, dnd then passed through 
a column of Amberhte LR-120 B (H’) Followtn, = concentration, the labeled samples 
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were spotted onto Whatman NO 50 papcl and LL niikture of authentic \pec~nicn4 

(D-,oluc&ol, erythntol, and glycerol) was also spotted on the cdgc of the p&per which 

was then developed with 6 4 3 (v/v/v) I-butanol-pyndine-\atei Dctcct1011 was 

effected wth alM~nc sliver nltrate The npplopnate band\ wele ettlactcd wth 

0 2 nlL of water, and -C mL of ethanol was added I mL of sclntlll‘ltor \olutlon [2 5- 

dlphenyloxazole, 7 g and I ,4-b@-n~ethylstyryl)benzene I g 111 tolucnc] \\a$ added 

to the extract and t6e radtoactlvltles were measured wth a Pxhard Model 3320- 
Tn-CARB scmt~llat~on spectl ometer 

Deter ttmnttntt of I I\( orttl -NI ct qy ~ttok~~ tth II cw.yht 5 of ttctttl L ctttd wtnrc-tit $1 crckci 

wl~rxt?,l~~ Ilcttt mcl the Sird~-ciqt ctcfi~i pal\ rmtlrcn I& - N-E S-I, and S-2 (400 mg 

of mch) were subjected to perlodate owlmon wth 0 01 M sodluni rnetapcrlodcltc 

(200 mL) at 5” III the da& After complete o\i&tlon (7 days) each solution WJF 
tnl\cd wth ethylene _rlycol (10 rnL1 and the qolutlon W.LS then dlJyzed .lgalnst \\.Ittr 

for 24 h The dlalyzate \v,I\ reduced wth sodlL,m borohydrldc (50 mg) In the dark 

\\lth stlrrlng for 24 h at room temperature, and the rcsultln, ‘T glllc.ul-poly‘~lcollol \\“l\ 

subjected ro InlId acld hldrolysls wth 0 05x1 sulfurx .md 101 2 days .Lt 25” The 

water-Insoluble, degraded ~ch~zophyllan wds collected by ccntrlfugation <md \tG~shcd 

thorou,ohly wth dI~tlllcd \\dter A portlon of erlcli cincd, dq-aclcd schlropbyll,~n 

W‘I\ methylatcd by the H,Lhomol I method” hydl olyxd with ,wtl, and the Hyde olymtc 

ekamlned by g I c ‘~5 before, revealing only 14,6-tn-O-methyl-glucose together 

wth L trace of 2,3,-i 6-tetra-O-methyl-mglucost Anothc~ pot tlon of e,lch degraded 

schlzophyllan w&is hydrolyzed with CXO-( I -3 3)-/~-D-~hICdWb~ prcp,u-cd ’ “ f I 0111 ‘L 

culture of B~r~~r/~om~ CCICI QM-SO6 The punfled enzyme-preparation was Incub‘tted 

with solutions (2 mL, 0 5’%,) of each dograded schlzophyllan 111 0 05x1 1Mc1lva111c 

bult‘er (pH 4 0) at 50” At suitable tune-lntervnl~ the redwIng power of the \olutIon 
w& determIned by the Soniogy~-N&on method’ ’ 

When the reactIon WAS complete (2 days) t’lc m~utu~c wcl\ hc,ttccl for IO rn~n 
111 botllng water and, after JddltIon of xctonc (2 mL) to the incub~~tIon rnluturm 

the turbid solution wcl\ centrlfugcd The 5upetmtwnt mclb p<wcd through .L column 

of Arnberlrtc IR-I20 B (H ‘), and the elu,ltc\ ~CIC evapor&cd .Ind rcbol\ed by p,lper 

chromatogr,lphy as alre,ldy dwxbed All\J~ne s11vc1 mtratc revealed only one cpot, 
correspond!ng to glucose The results of methylat1on ‘maIysIs md of enzymlc anJyw 
Indicate the structure of degraded-schlzophyllan to be the sclme .ts that 01 curdi,ln 

LL btmlght-chain (I -+3)-/&D glucan 

The remainder of e,ich desradcd sch~zophyll.tn (250 mg) W,I\ dlwolvcd III ,L 

mluturc of water and Cddoxen [I I (v/v) 15 mL] .tnd the Into lnuc wscouty ol‘cxh 
degraded schlzophyllan w& measured From the Intruwc wscoslty I 5 wcosIty- 

.Lverage molecular we&t r&mon for curdlm III Cndoken, do mc,lsurcd by H11,1no 
~‘r a/ 20, the wscoslty-average molecular weights of the degr,ldcd schIzophyllans ~cc;c 

determined Vlscoslty-,Lverage InolecuLw weIght5 of the natlvc and 5cm~-degr‘ldcd 

schIzophyllan (I’G-PS, S-I, and S-2) \kere also determtned from the Intnnslc vlsco\rty 

11-s wscoslty-average molecular-we&t relation\hIp III dimethyl sulfokldt, .L\ mcamrcd 

by Norlsuye cc crl 1 ’ 
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’ 3 C-N in I specfra - 13C-N m I- spectra were recorded wth a JEOL PFT- 
IOO/EC-100 spectrometer operatm g at 25 03 MHz In the pulsed Fourier-transform 
mode Free-mducatlon decays were accumulated wth a 45 o pulse (11 ps) All spectra 
were recorded m dlmethyl sulfoxlde-& at 100” by usmg SO00 data points and a 
spectral width of 5 kHz ‘3C-Chemlcal shifts are expressed m p p m downfield 
from Internal tetramethylsllane 

Cotnple\-for rmtrott of N-PS S-I, md S-2 it ttlt Congo Red - The complexatlon 
of N-PS, S-l, and S-2 wth Congo Red was evaluated from the shift m the wslble 

absorptton of the dye Induced by the @cans m sodium hydroxide at concentrations 
between O-O 32~ accordmg to the method of Ogawa CT al “_ A Hltachl 124 spectro- 
photometer was employed 

Assny of atztttrmnor- ncttwt_v - Seven-day-old Sarcoma-180 ascltes (0 1 mL, 
2 x IO6 cells) were transplanted subcutaneously Into the left groins of ICR-JCL 
mice (weight, about 20 g) The test samples were dissolved m salme solwon, sterlhzed 
for 10 mm at 120”, and then InJected mtramuscularly every other day for 20 days 
startmg 24 h after tumor lmplantatlon The growth of tumors was charted dally 
For 3 1 days At the end of the 3 1st day, the mice were kllled, and the tumors extirpated 

and weighed 
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