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ABSTRACT 

The D-mannan of Saccharomyces cerelrzszae X2180-lA-5 mutant strain, whch 
possesses a mam cham composed of a-(1+6) hnked D-mannopyranosyl residues 
and a small proportion of branches composed of a-(1 +2)- and a-(l-+3)-lmked 
D-mannopyranosyl residues, showed strong growth-mhlbltory actlvlty against mouse- 
implanted Sarcoma 180 and Ehrhch-carcmoma solid tumor The observation that 
the level of this activity was nearly identical with that of the D-mannan of a wdd-type 
strain of bakers’ yeast, whch possesses a high proportion of branches composed of 
a-(1+2)- and cc-(l-,3)-hnked D-mannopyranosyl residues, suggests that the branches 
are not essential for antltumor actlvrty The pamal acid-degradation products of 
both D-mannans, the molecular weight of which was one-third of that of each parent 
D-mannan, had only one half of the antitumor actlvlty of the parent D-mannans 
This suggests that molecular size 1s the most important factor for the differences m 
activity of the polysacchandes of wild and mutant strains 

INTRODUCTION 

Various polysacchandes have been shown to be growth-mhlbltory against 
mouse-implanted, allogeneic tumors1 *2 The D-mannans of several species of yeasts 
have also been shown to mamfest slmdar antitumor actlvlty3 For understandmg of 
the mechamsm of antitumor actlvlty of these polysacchandes, which was designated 
by Nakahara et al 4 as the “host-mediated defence”, we have studied the lmmuno- 
logical propertles of the D-mannan of bakers’ yeast (wfid-type strain of Saccharomyces 

cerevzszae). The results clearly mdlcate that this polysacchmde 1s able to exert 
adJuvant action enhancmg both humoral and cellular antlbody responses to the host 
amma15. However, the relationshlp between chenucal structure and antltumor 
activity of thaw D-mannan was not mvesfigated, although the structure consists of a 
mam cham of a-(l-,6)-hnked D-mannopyranosyl residues and of a large proportlon 
of branches conastmg of a-(1 +2)- and a-( 1+3)-hnked D-mannopyranosyl residues 6*7 
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In order to analyze the active site(s) of the antitumor actlvlty m bakers’ yeast 

D-mannan, a comparative study of the D-mannan of S cerevzszae X2180-lA-5 mutant 

stram (M-D-mannan), developed by Raschke et aL6, was of Interest, because this 
D-mannan possesses an extremely small proportion of branches, as compared with 

the D-mannan of S. cerevzszae wdd-type stram ( W-D-mannan) 

RESULTS AND DISCUSSION 

Many polysacchandes of plant and nucrobml orzgms show growth-lnhlbltory 

actlvlty against mouse-Implanted tumors, e g , Sarcoma 180, Sarcoma 37, adeno- 

carcinoma, etc ’ - ’ O. However, the chenucal structure of the active site of antltumor 
actlvlty m these polysacchandes has not been elucidated 

The W-D-mannan of bakers’ yeast 1s an antItumor polysacchande, the chemical 
structure of which has been extensively mnvestlgated’; It 1s highly branched Therefore, 

It may be assumed that the nonreducmg termmal groups of the branches occupymg 
the most external part of the molecule correspond to the active site(s) of various 
blologcal actlvltles, m a manner snrular to that observed for the serological actlvlty 

of the W-D-mannan 

The W-D-mannan used m the present study 1s the same as that used earher”. 
The M-D-mannan was prepared from fresh, wet, whole cells by the same method as 

that used for the W-D-mannan Neither phosphorus nor nitrogen was detected m 

either D-mannan (Table I). Their chemical structures were determined by partial 
acetolysls, and the molecular ratros of the resultant D-manno-oligosacchandes and 
D-mannose were calculated from the peak dlmenslons of each elution profile From 
these results, it 1s evident that the W-D-mannan possesses a large proportion of 

branches (average d p 2 3), whereas the proportion of branches (average d p 1 1) 

of the M-D-mannan 1s relatively small 

TABLE I 

CHEhlICAL COXPOSITIONS 4ND PROPERTIES OF THE D-MANNANS OF s CPtZVISllZe WILD-TYPE= AND MUTANT’ 

STRAINS, AND OF THEIR PARTIAL IiYDROLYZ4TESc 

Compos&oli 
and properties 

W-o-Mannan 

Orrg Fr W-I Fr W-II 

M-D-Mannan 

Orlg Fr M-I 

Components 
sugar (o/O) 
p (%I 
N (%I 

14~ (degrees) 
DIJ 
Sao 

960 952 940 93 0 965 
00 00 00 00 00 
00 00 00 00 00 

+80 5 +69 5 +57 5 f-62 5 -l-605 
201 135 66 149 50 

* 32 21 17 22 15 

=W-D-Mannan bX2180-lA-5 strata, kf-D-mannan ~Fract~ons W-I, W-II, and M-1 
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EXPERIhfENTAL 

General methods - The total carbohydrate content was determined by the 
modified Mohsch method14 Total phosphorus and nitrogen contents were deter- 

mined by the method of Allen as modified by Nakamura”, and by mlcroelementary 
analysis, respectively The degrees of polymerlzatlon of D-mannans and the acld- 

hydrolyzates were determined by the alkalme Iodine method acccrdmg to Hurst 

et al It, usmg 50 mg of each specimen Ultracentrifuge analyses were performed with 
Hitachi UCA 2-A and MOM 3170B ultracentnfuges at 60 000 r p m All samples 

were dissolved in water to @ve 1 oA (w/v) solutions The specific rotations were 

measured, with an Applied Electric automatic polanmeter, on solutions (c 1 0, water) 

m I-dm semumcrotubes Thin-layer chromatography was carried out according to 
the method described prevlously13 

Materzak. - The Saccharomyces cerevzszae wild-type strain was a commercial 

product (Oriental Yeast Industries Co Ltd , Tokyo), and the same as that used 

prev10usly13 The S cerevzszae X2180-lA-5 mutant strain (provided by Dr C E 

Ballou) was maintained on an agar-slant cons&mg of 2% of D-glucose, 1% of pep- 

tone, 0 1% of yearst extract, and 1 5% of agar D-Manno-ohgosaccharldes, Man,, 

Man,, and Man2 were the same specimens as those used prevlously13 
S cerevlslae X2180-IA-5 stram czrlture - The mutant strain was inoculated 

into Sabouraud liquid medium m a 500-mL shaking-flask, and grown for 72 h at 37” 

under shaking m a reciprocal shaker The cells were harvested by centnfugatlon, 

and washed thoroughly with a saline solution by centrlfugatlon The yield of the wet- 

packed cells was - 12 g/L of medium 
Preparatzon of D-mannans - The D-mannans of S cerevzszae wild-type and 

mutant strains were prepared by the Fehlmg-solution method described previously” 

Partzal-acetolyszs study of D-mannans - Acetolysls of D-mannans on a mlcro- 

scale (samples of 10 mg) was carried out according to the descrlptlon of Okubo 
et al l1 The O-deacetylated acetolysls products were passed through a column 

(2 x 100 cm) of Blo-Gel P-2, and ahquots of eluates were examined for carbohydrate 

content with the modified Mollsch reagent14 The oligosacchandes m the eluate 

were identical with authentic Man4, Man,, Man,, and Man by t 1 c (I(leselge1 G 

plate, 5 3 2, v/v, l-butanol-ethanol-water) 

Calculatzon of the average length of branches of D-mannmzs - The average 
length (X) was calculated by the followmg formula X = [(A x 1) + (B x 2) + 

(C x 3) + (D x 4)]/[A + B + C + O-j, where A, B, C, and D represent the values 

of the molecular ratios of Man, Man,, Mans, and Man,, respectively 

Preparatzon of partrally aczd-hydrolyzed D-mannan fractzons - To a solution 

of 165mM sulphurlc acid (300 mL) maintained at 97” was added the D-mannan 
(3 g) of each strain The mixture was heated for 90 mm and then neutralized with 

barium carbonate After centrrfugatlon, the supematant was concentrated zn vacua 

to a thm syrup, which was chromatographed on a column (4 x 90 cm) of Sephadex 

G-75, and eluted with water (2 mL during 15 mm) Ahquots of the eluates were 
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exammed for carbohydrate content, and the eluates correspondmg to each fraction 
were combmed and lyophrhzed The results of reducing-power assays Indicated that 
the degree of hydrolysis of Fractron W-I, W-II, and M-I was 67 2, 32 8, and 33 6 %, 
respectively 

Assay of antztztmor actzvzty - This assay was performed according to the 
method described prevrously3 as follows male mace of ddY stram mrtrally werghmg 
- 18 +2 g were implanted subcutaneously m the left grom wrth Sarcoma 180 and 
Ehrhch carcmoma ascites tumors (10’ cells per mouse), and, 24 h later, each D- 

mannan fractron in 0 9% sodmm chlonde solutton was lqected mtraperrtoneally 
at a dose of 10-300 mg/kg/day after tumor moculatron for 10 days The growtb- 
mhrbrtory ratio was calculated by the following formula mhrbrtron ratro (%) = 
[(A - @/A] x 100, where A IS the average tumor-werght of the control group 30 
days after tumor rmplantatron, and I3 IS the average tumor-werght of the D-mannan- 
admmlstered group 
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