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One of us has shown prev ious ly  [1] that some yellow f o r m s  of yeas t  o rgan i sms  of the genus Rhodotorula 
such as  Rh_. gelat inosa,  Rh. luteo!a ~ and o thers  contain in the i r  cel ls  and l ibera te  into the nutrient medium 
he te ropo lysacchar ides  of s i m i l a r  composi t ion and s t ruc ture  - xy log lucu ronomannans .  

The ce l lu la r  and ex t r ace l l u l a r  he t e ropo lymers  of Rh. f lava differ  f rom the po lysacchar ides  of o ther  
yellow species  of Rhodotorula by the absence  of the uronic  component.  The p resen t  pape r  gives the resu l t s  
of a study of the s t ruc tu re  of the xylomannans of Rh. flava. 

In an investigation of the composi t ion  of the polysacchar ide  p repa ra t ions  obtained f r o m  the cel ls  of 
Rh. f lava and f rom a f i l t ra te  of the cul ture  liquid a f t e r  the growth of the m i c r o o r g a n i s m  in beakers ,  we found 
that they were  s i m i l a r  with respec t  to the i r  contents of mannose  (30-36%) and xylose (20%), but differed sub- 
stantial ly with respec t  to the i r  glucose content [2, 3]. 

The po lysacchar ides  isolated f r o m  them with the aid of Feh l ing ' s  reagent  consis ted only of D-mannose  
and D-xylose  (according to pape r  ch romatography  and the cha rac t e r i s t i c  indices for  the phenylhydrazones  
of D-mannose  and D-xylose)  in a rat io of 3 : 2. They did not contain ni t rogen and phosphorus,  and each gave 
a single band on e l ec t rophores i s  in phosphate buf fer  (pH 3). In each case,  gel chromatography  on Sephadex 
G-200 in phosphate buffer  ([oH 6 .6 )gave  a single s y m m e t r i c a l  peak with V e =21 and 24 ml for  the ex t race l lu -  
l a r  and ce l lu la r  po lysacchar ides ,  respect ive ly .  The chromatographic  separa t ion  of dia lyzates  of these  f r a c -  
tions a f t e r  hydro lys i s  showed the p re sence  of mannose  and xylose in them (Table 1). The oxidation of the 
xylomannans in 0.05 M NaIO 4 solution was complete  a f t e r  48 h. The two p o l y m e r s  absorbed  approximate ly  
equal amounts  of NaIO 4 and l ibera ted  approx imate ly  equal amounts  of HCOOH (moles p e r  mole  of anhydro-  
aldose with mean  mol.  wt. 147; see Table 1). A chromatographic  investigation in s y s t e m  I of the hydroly-  
za tes  of the polyaldehydes showed the p re sence  of mannose in them. As a resul t  of the hydrolys is  of the 
products  of t e t r ahydrobora te  reduction of the oxidized xylomannans,  mannose and g lycerol  were  formed.  

Thus, in the xylomannans 50-55% of the suga r  units a re  a t tacked by per iodate ,  and 45-50% of the r e s i -  
dues a r e  res i s tan t  to oxidation. The intact  units  consis t  of mannose.  

On Smith degradat ion and subsequent  mild  hydrolys is  [4], the ce l lu la r  xylomannose of Rh. flava yielded 
a mannan with [o~]~) 2° +45.5 ° (0.5%; H20), which~ a f t e r  hydrolysis ,  gave only mannose,  absorbed  0.20 and 0.21 
mole  of sodium per iodate  p e r  mole  of anhydromannose  and did not l ibera te  fo rmic  acid a f t e r  oxidation fo r  
24 h and 48 h, respec t ive ly .  S imi l a r  r esu l t s  were  obtained in a study of the products  of the dehydrat ion of 
the ex t r ace I lu l a r  xylomannan. 

F igure  1 shows the dis t r ibut ion of the spots  of the methyl  der iva t ives  in hydrolyzates  of the methyl -  
ated xylomannan and the mannan in compar i son  with te t ramethylg lucose  on FN1 chromatograph ic  p a p e r  in 
s y s t e m  1. When the c h r o m a t o g r a m  was t rea ted  with p-anis id ine  hydrochlor ide the hydrolyzate  of the meth-  
yla ted mannan (II) showed an intense spot b'  at  the level  of the t r imethyl  der iva t ive  of mannose,  a weak spot 
a '  cor responding  to 2 , 3 , 4 ,6 - t e t r a -O-me thy l -D-mannose ,  and a weak spot d' of a dimethylated marmose giv-  
ing a colorat ion with dimethylanil ine.  The homogeneity of the t r imethy lmannose  f rac t ion  was shown by gas -  
liquid chromatography.  The peak obtained was  identical with that of a s tandard  sample  of methyl  2 ,4 ,6 - t r i -  
O-methylmannos ide  [3]. 
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TABLE 1. C h a r a c t e r i s t i c s  of the Xylomannans 
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Fig.  1. C h r o m a t o g r a m  of 
hydro lyza tes  of methyla ted  
xylomannan and of marman: 
I) hydrolyzate  of methyla ted  
xylomannan; II) hydrolyzate  
of methyla ted  mannan; III) 
t e t ramethy lg lucose .  

The r e su l t s  of the chromatographic  ana lys i s  of the hydrolyza tes  of 
the methyla ted  xylomannan (I) showed the p resence  of four  main  spots,  of 
which the mos t  intense was spot a.  On a number  of slow types of ch roma to -  
graphic  paper ,  its heterogenei ty  was c lea r ly  seen, and it may  be a s sumed  
that  it contains comple te ly  methyla ted  mannose  and xylose .  Spots b and d 
co r r e spond  to the posi t ion of the methyl  de r iva t ives  b '  and d' of the me thy l -  
ated mannan.  Spot c, f r o m  its posi t ion and color ,  may  be a sc r ibed  to a di- 
methylxylose  [5]. A gas- l iquid  c h r o m a t o g r a m  of a methanolyzate  of the 
methyla ted  xylomannan showed the p r e sence  of methyl  g lycos ides  of the 
following suga r  der iva t ives :  2 ,3 ,4 ,6 - t e t r a -O-methy lmannose ,  2 ,3 ,4 - t r i -O-  
methylxylose ,  2 ,3 -d i -O-methy lxy lose ,  and 2 ,4 ,6 - t r i -O-me thy lmannose .  No 
dimethyl  der iva t ive  of mannose  was isola ted under  these conditions. How- 
ever ,  taking into account  the exis t ing set  of methyl  der iva t ives  and the infor-  
mat ion  obtained about spot d with the aid of p a p e r  chromatography ,  it may 
apparent ly  be a s s u m e d  that it is due to 2 ,6 -d i -O-methy lmannose .  The weak 
spot e on a c h r o m a t o g r a m  of a hydrolyzate  of the methyla ted  xylomannan 
in the region of monomethyl  de r iva t ives  may  be the resu l t  of a poss ib le  in- 
complete  methylat ion.  

In p r e l im ina ry  exper imen t s  on the pa r t i a l  hydrolys is  of the xyloman-  
nans (0.1 N H2SO4, 100°C) we obse rved  that a f t e r  only 15 minutes  boiling, 
a cons iderable  amount of xylose  began tobe  spli t  out. Anapprec iab le  amount 
of mannose  appeared  on the c h r o m a t o g r a m s  2 h a f t e r  the beginning of hy- 
dro lys i s .  Table  2 gives the resu l t s  of a study of the two s e r i e s  of oligo- 
saccha r ides  obtained by the t h r e e - h o u r  hydrolys is  of the xylomannan f r o m  

the cel ls  of Rh. f lava in 1 N H2SO 4 at  80°C (ser ies  K) and by fu r the r  hydro lys i s  in 1 N H2SO 4 at  100°C fo r  2 h 
( se r ies  M). 

On t h r e e - h o u r  hydro lys i s  a t  80°C, the c h r o m a t o g r a m s  showed the p re sence  of a l a rge  amount of xylose,  
t r a c e s  of mannose,  and the o l igosacchar ides  K1-K s. The complete  hydro lys i s  of the ma jo r i ty  of these f r ag -  
m e a t s  gave only xylose.  The fu r t he r  hydro lys i s  of the pa r t i a l ly  hydrolyzed p o l y m e r  at  100°C led to the i so la -  
t ion o f -  in addition to cons iderable  amounts  of mannose  and xylose  - the o l igosacehar ides  M1-Ms, of which 
only M 4 and M s consis ted  sole ly  of mannose .  

The [R spec t r a  of the ce l lu la r  and ex t r ace l l u l a r  xylomannans had a s i m i l a r  form:  s t rong absorp t ion  
bands at  715 and 770 em -1, e x t r e m e l y  weak bands at  815, 880, and 915 c m  -1, and bands of medium intensity 
a t  890 and 935 cm - i  which were  m o r e  sharp ly  defined in the spec t r a  of the ex t r ace l l u l a r  xylomannan.  
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Thus, on the bas i s  of the exper imenta l  resu l t s  obtained it is poss ible  to put fo rward  some basic  fea -  
tu res  of the s t ruc tu re  of the po lysacchar ides  studied. The xylomannan f rom Rh. flava is  a branched poly-  
mer ,  which is conf i rmed by an ana lys i s  of the hydrolyza tes  and methanolyza tes  of the methylated po lymer .  
A study of dehydrated xylomannan shows that i ts  bas ic  link cons is t s  of D-mannose  res idues  with an ~-1  ~ 3  
linkage. According to the resu l t s  of pa r t i a l  hydrolysis ,  the side chains of the substance apparent ly  consis t  
of fa i r ly  long segments  composed  of xylose units .  The major i ty  of them a r e  t e rmina ted  by xylose res idues .  
However,  as  a gas- l iquid  chromatography  of the methyla ted  product  and par t ia l  hydrolys is  showed (the d i sac-  
charide KI, see Table 2), in some side chains the t e rmina l  units  may possibly  be mannose.  A represen ta t ion  
of the s t ruc tu re  of individual sec t ions  of the xylomannan of Rh. flava is given below: 

... 4 Xyl 1-..4 Xyl ] 

~4 (a) 
l~an 1~ 3 Man 1~ 3 Man t-~ ... 
Xyl 1~4 Xyl 1-~ 4 Xyl 1-~ ... 

Man 1-~4 Xyl l o4  Xyl 1 . . . .  (b) 

where  (a) is a f r agment  of the main chain with a branching point and b r e p r e s e n t s  p a r t s  of the side chain. 

E X P E R I M E  N T A  L 

The polysacchar ide  p r epa ra t i ons  were  obtained f r o m  Rh. t i a r a  (VKM* 331) by t rea t ing  the dry  defatted 
ce i l s  with 0.1 N HC1 (1 : 20 w/v)  in an autoclave at 0.5 a tm  fo r  30 rain, and f r o m  a f i l t ra te  of the culture l iq- 
uid a f t e r  the growth of the m i c r o o r g a n i s m  on a synthetic nutrient medium containing 5% of glucose and a 
complex of v i t amins  of group B [6]. 

The xylomannans  were  isola ted f r o m  the initial  p repa ra t ions  in the f o r m  of the insoluble copper  com-  
plex fo rmed  with Feh l ing ' s  reagent  [4], and were  analyzed by methods descr ibed  prev ious ly  [7, 8]. 

P a p e r  ch romatography  was p e r f o r m e d  in the following solvent sys tems:  1) b u t a n o l - e t h a n o l - w a t e r -  
ammonia  (40 : 10 : 49 : 1), 2) b u t a n o l - e t h a n o l - w a t e r  (40 : 11 : 19), and 3) ethyl a c e t a t e - a c e t i c  a c i d - w a t e r  
(9: 2: 2). Spots on the c h r o m a t o g r a m s  were  revealed  with ammoniaca l  s i l ve r  ni t ra te  solution, aniline hy- 
drogen phthalate,  p -anis id ine  hydrochloride,  and dimethylanil ine.  

E l ec t ropho re s i s  in a bora te  buf fer  and gel chromatography  on Sephadex G-200 were  p e r f o r m e d  as de-  
sc r ibed  prev ious ly  [3]. A sample  (0.15 g) of xylomarman was hydrolyzed in 1 N H2SO 4 (4 ml) at 100°C for  
4 h. The solution was neut ra l ized  with BaCO3, f i l tered,  and evapora ted  at 45°C. The evapora ted  solution 
was t r ea ted  with 0.5 ml  of w a t e r  and a mix tu re  of 0.1 ml of phenylhydrazine with 0.5 ml  of 25% acet ic  acid. 
The resul t ing product  was sepa ra ted  by f i l t ra t ion and was c rys ta l l i zed  twice f r o m  me thano l - e thano l .  It 
p roved  to be identical  with the phenylhydrazone of D-mannose .  The f i l t ra te  was decolor ized with act ivated 
carbon and concentrated,  and the product  was twice c rys t a l l i zed  f r o m  ethanol. The product so obtained was 
identical  with a s tandard sample  of D-xylose .  

The per ioda te  oxidation of the xylomannans was p e r f o r m e d  in 0.05 M NaIO 4 solution at 20°C, and the 
products  of oxidation and of borohydr ide  reduction were  studied by the methods descr ibed  in a p rev ious  pa-  
p e r  [8]. 

Methylat ion of the Xylomannan. The xylomannan (1 g) f r o m  the cel ls  of Rh. f lava was methyla ted  five 
t imes  by Hawor th ' s  method [9]. Beginning with the third addition of methylat ing agent to the react ion mix-  
ture,  20 ml  of acetone was added each t ime to prevent  the separa t ion  of the par t i a l ly  methyla ted  product  
f r o m  it and foaming. This  gave 1.1 g of pa r t i a l ly  methyla ted  product ,  of which 0.5 g was then methyla ted  
by the method of F a l c o n e r  and Adams  [10] and, finally, by P u r d i e ' s  method [11]. Yield 0.51 g (OCH~ 38~0; 
the lit spec t rum showed the p r e sence  of OH groups) .  

The methyla ted  product  (20 mg) was hydrolyzed in 72% H2SO 4 (0.5 ml) with cooling fo r  1 h and then, 
a f t e r  dilution of the mix ture  to a concentra t ion of 8%, by boiling f o r  5 h [12]. The hydro lys i s  products  were  
studied chromatograph ica l ly  in s y s t e m  1. P a r t  of the methylated xylomannan (100 mg) was sub j ee t ed tome th -  
anolys is  in a 4% solution of hydrogen chloride in methanol  (5 ml) for  24 h. The methanolys is  p roducts  were  
separa ted  by the GLC method in a Tswet t -1  ch romatograph  with a f lame- ion iza t ion  de tec to r  using a column 
(100× 0.4 cm) containing 5% of neopentyl glycol succinate on Celite G-22 at  165°C with ni trogen as c a r r i e r  
gas  (V=30/ml rain). 

* All-Union Collection of Mic roo rgan i sms .  
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P r e p a r a t i o n  of Mannan f r o m  the Xylomannan.  The xylomannan (1 g) was oxidized in a solution of NaIO 4 
(2.9 g of NaIO 4 in 160 ml  of H20) fo r  72 h. The solution was evapora ted  at 45°C to a volume of 30 ml.  The 
oxidized po lysacchar ide  was prec ip i ta ted  by the addition of 300 ml  of glacia l  ace t ic  acid. The product  was  
f i l t e red  off, washed with acet ic  acid and acetone,  and dried.  The polyaldehyde was  d isso lved  with t r i t u r a -  
tion in w a t e r  (30 ml) containing sodium te t r ahydrobora te  (130 rag). Af t e r  the mix tu re  had stood for  3 h, the 
excess  of the reagent  was des t royed  with acet ic  acid. The solution was t r ea t ed  with Amber l i t e  IR-120 (H +) 
and evapora ted .  The res idue  was evapora ted  with methanol  three  t imes  and was then dissolved in wa t e r  
(15 ml).  The polyalcohol  was  prec ip i ta ted  with 200 ml  of ethanol. The resul t ing product  (0.4 g) was hydro-  
lyzed in 70 ml  of wa te r  acidif ied to pH 2 with sulfuric  acid at 100°C for  1 h. The hydrolyzate  was 
neut ra l ized  with ba r i um carbonate ,  deionized with MV-3 ion-exchange res in ,  and evapora ted  to 7 ml. 
Glycerol  was detected in this solution by paper  chromatography .  The solution was t rea ted  with ace -  
tone (140 ml),  which prec ip i ta ted  the mannan, and this was washed with ethanol and e the r  and was  dried.  
The yield of the subs tance  was 0.3 g. Gorin et  al.  [4] used  a s i m i l a r  method to obtain a 1 - -3 -bound  mannan 
f r o m  the pentose-conta in ing  mannan of Tr i ehosporon  cutaneum. The mannan was cha rac t e r i zed  by subjec t -  
ing it to per iodate  oxidation and was  methyla ted  in a s i m i l a r  way to the xylomannan.  

P a r t i a l  Hydro lys i s .  The xylomannan (200 mg) was hydrolyzed in 3.3 ml  of 1 N H2SO 4 in a sealed tube 
in a w a t e r  bath with automat ic  t e m p e r a t u r e  regulat ion at 80~- 1°C fo r  3 h. The solution, which sti l l  re ta ined 
some v iscos i ty ,  was  diluted with water ,  neut ra l ized  with BaCO3, f i l tered,  and evapora ted  to i t s  initial volume.  
Then 20 ml  of ethanol was  added to prec ip i ta te  the polysacehar ide ,  which was sepa ra ted  by centrifuging.  
The centr i fugate  was evapora ted  at 45°C and invest igated chromatograph ica l ly  in s y s t e m  2 (ol igosacchar ides  
of s e r i e s  K). The par t ia l ly  hydrolyzed polysacchar ide  (90 mg) was rehydro lyzed  in 1 N H2SO 4 (2 ml) at 100°C 
fo r  2 h. The neut ra l ized  hydrolyzate  was evapora ted  and studied chromatograph ica l ly  in s y s t e m  3 (oligo- 
s accha r ides  of s e r i e s  M). The posi t ions  of the o l igosaechar ides  on the c h r o m a t o g r a m s  were  de te rmined  
in re la t ion  to that of l ac tose .  The o l igosacchar ides  were  accumula ted  by p a p e r  ch romatography  and were  
elated with a c e t o n e - w a t e r  (1 : 1), the ex t rac t  being evapora ted  to d rynes s  a t  45°C. The subs tances  obtained 
were  hydrolyzed in 1 N H2SO 4 at  100°C fo r  2 h. The neut ra l ized  hydrolyza tes  were  studied in s y s t e m  1. 

S U M M A R Y  

1. The ce l lu la r  and e x t r a c e l l u l a r  xylomannans  of the yeas t  o rgan i sm Rh, f lava a re  p o l y m e r s  of s imi -  
l a r  s t ruc tu re .  

2. The xylomannan of Rh. flav...._~a is  a branched polysacchar ide ,  the main  chain of which cons is t s  of 
D-mannose  res idues  bound by ~ - 1 - - 3  l inkages,  and the side chains consis t  predominant ly  of xylose units.  
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