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In p reced ing  pape r s  [1-2], the genera l  cha r ac t e r i s t i c s  of s a r g a s s a n  and pelvecyan,  glucuronoglycans 
of the brown algae S a r g a s s u m  pal l idum and Pe lve t i a  wrighti i  have been given. In o r d e r  to obtain f r agmen t s  
s imp le r  in composi t ion and s t ruc ture ,  we have a t tempted to p e r f o r m  the f ragmenta t ion  of these po lysac -  
char ides .  

Assuming the p r e s e n c e  of a glucuronide chain in the po lysacchar ides  [3, 4], we subjected these b io-  
po lymer s  to alkaline degradation.  In o r d e r  to exclude subsequent decomposi t ion f rom the reducing end 
[51, the alkaline t r ea tmen t  was p e r f o r m e d  in the p r e sence  of sodium te t rahydrobora te .  In this case ,  de-  
composi t ion of the polyuronide chain by the f i -el imination mechan i sm [61 should be observed,  with the 
format ion  of a l a rge  number  of low-molecu la r -we igh t  f ragments .  However,  the action on s a r g a s s a n  and 
pelvecyan of 0.1 N caust ic  soda in the p r e s e n c e  of 1% sodium t e t r ahydrobora t e  fo r  a prolonged per iod 
fo rmed  only h igh-molecu la r -we igh t  f r agmen t s  identical  in sacchar ide  composi t ion with the initial poly-  
sacchar ides .  These  f r agmen t s  were  s table  to fu r the r  alkaline t r ea tmen t  even at an elevated t empera tu re .  
A s im i l a r  phenomenon has  been r epor t ed  in the t r ea tmen t  of the initial po lysacchar ides  with m o r e  concen-  
t ra ted alkali. This  behav ior  shows the poss ib le  absence ofa  polyuronide chainin  the s t ruc tu re  of s a r g a s -  
san and pelvecyan,  which ag rees  with P e r c i v a l ' s  r e su l t s  on the s t ruc tu re  of such glucuronoglyeans [7 ]. 
The f r agmen t s  fo rmed  as a r e su l t  of the alkaline t r ea tmen t  contained the po lypept ide- forming  pa r t  of the 
initial molecules .  

When s a r g a s s a n  and pelvecyan were  t rea ted  with dilute sulfur ic  acid under ve ry  mild  conditions the 
hydro lysa tes  contained xylose ,  fucose,  and galactose ,  and a lso  a number  of o l igosacchar ides ,  Under these  
conditions,  the polypeptide was spl i t  off and sepa ra ted  out in the fo rm of a dark  brown prec ip i ta te .  The 
degraded po lysaccha r ides  prec ip i ta ted  with alcohol (yield about 30%) gave, on comple te  acid hydro lys i s ,  
ga lac tose ,  mannose,  xylose ,  fucose,  and glucuronic acid (together with glucuronolactone).  The mannose  
and glucuronic acid were  p r e s en t  in the hydro lysa te  in cons iderab ly  s m a l l e r  amounts  than the other mo n o - ,  
s accha r ides .  

Chromatography  of the f r agmen t s  obtained on Bio-Gels  showed the cons iderable  degradat ion of the 
molecules  of the glucuronoglycans in the p r o c e s s  of pa r t i a l  acid hydro lys i s .  The ma jo r i t y  of the f rac t ions  
cor responding  to the peaks  on the elution curves  had the s ame  monosacchar ide  composit ion;  thei r  hydro l -  
ysa tes  differed only by the i r  contents of ' the  above-ment ioned  monosacchar ides .  However,  on Bio-Gel  P -  
30 there  were  only two peaks ,  andahydro ly sa t e  of the second peak contained only xylose  and fucose.  The 
m o r e  seve re  hydro lys i s  of s a r g a s s a n  and pelvecyan with 0.4 N hydrochlor ic  acid led to an i nc r ea se  in the 
amount of compounds cor responding  to the second peak on Bio-Gel  1)-30 or Sephadex G-25.  The fo rmat ion  
of such a f r agmen t  may indicate the p r e s enc e  in s a r g a s s a n  and pe lvecyan  of sec t ions  of the ca rbohydra te  
chain consis t ing only of xylose  and fucose res idues ,  which co r responds  to information on other  glucurono-  
glycans of brown algae [3-4]. We have prev ious ly  repor ted  the isolation of l ow-molecu la r -we igh t  o l igosac-  
char ides  consis t ing of xylose  and fucose. 

When s a r g a s s a n  and pelvecyan were  hydrolyzed with 0.5 N oxalic acid at  100 ° C, cons iderable  
amounts of fucose,  xylose,  and ga lac tose  were  spli t  out, the polypeptide precipi ta ted ,  and o l igosacchar ide  
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and polysacchar ide  f ragments  were formed. The la t te r  were  separated by precipi tat ion with ethanol and 
subjected to additional fract ionat ion and purification. As a resul t ,  we obtained a f ragment  f rom sargassan  
with a yield of 20%, [a ]~  + 15 ° C (in water) and a f ragment  f rom pelvecyan with a yield of 15%, [ ~ ]~ - 
25°C (in water) Chromatography on Bio-Gels  showed that both f ragments  were fair ly  homogenous a l -  
though they were  cha rac t e r i zed  by appreciable polydispers i ty .  Their  homogeneity was also shown by the 
resu l t s  of disc e lec t rophores i s  and chromatography on DEAE-cel lulose.  The molecular  weights of both 
f ragments  were  considerably lower than those of the initial polysacchar ides .  While the la t te r  were  not 
re ta ined by Bio-Gel  P-150, the i r f ragments  had elution volumes considerably g r e a t e r  than the f r ee  volume 
of this Bio-Gel.  On Bio-Gel  P-30,  each compound gave a single peak with an elution volume equal to the 
f ree  volume of the column. 

The f ragments  obtained contained a large amount of res idues  of glucuronic acid (42-45%) and of 
mannose, and only t races  of galactose,  xylose, and fucose. As an example, Fig. 1 gives the resu l t s  of the 
gas-l iquid chromatography of the corresponding hydrolysates .  Both polysacchar ides  contained sulfate 
groups (6.7-7.5%) and were  distinguished by a ve ry  low nitrogen content (less than 1%), which shows the 
prac t ica l  absence of the polypeptide component f rom them. In spite of the high content of glucuronic acid 
in the f ragments  investigated, attempts to obtain a glucuronan by par t ia l  hydrolysis  were  unsuccessful:  
the splitting out of the neutra l  monosaccharides  was accompanied by the decomposit ion of the carbohydrate  
chain. This se rves  as an additional indication of the poss ible  absence of a polyuronide chain as the basis  
of the molecules  of sa rgassan  and pelvecyan. 

In the per iodate  oxidation of the f ragments ,  about 0.5 mole of per iodate  per  anhydro unit was con- 
sumed. The sodium te t rahydrobora te  reduct ion of the polyaldehydes obtained led to the formation of the 
corresponding polyalcohols,  the content of sulfate groups in which was 3.0-4.6%, which shows that consid- 
erable  desulfurat ion took place  in the per iodate  oxidation p rocess .  In both cases,  the complete  hydrolys is  
of the polyalcohols gave glucuronic acid, glycolaldehyde and glycerol  as the main decomposition products ,  
together  with a cer ta in  amount of mannose. The resu l t s  obtained show the considerable oxidation of the 
mannose res idues  and the p r e sence  of glycosidic bonds at C-6 of these residues.  In the glucuronic acid 
residues,  the hydroxyls  at C-3 are  substituted by glycosidic bonds; the glucuronic acid probably does not 
contain sulfate groups, while pa r t  of the mannose res idue is sulfated. 

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

Fig. 1. Gas-l iquid chromatog-  
raphy of hydrolysa tes  of de-  
graded sa rgassan  (a) and pe l -  
vecyan (b) (the der iva t ives  used 
were  the acetates  of the aldono- 
ni t r i les  of the monosacchar ides) .  
Peaks:  1) fucose; 2) xylose;  
3) mannose; 4) galactose.  

The general  exper imental  conditions were  analogous to 
those given previously  [1]. Fu r the rmore ,  the aceta tes  of the c o r -  
responding aldonouitr i les  were used for  the gas-l iquid ch romato -  
graphy of the monosacchar ides  [8]. The column, containing 15% 
of butanediol succinate on Chromosorb  W (45-60 mesh), was 
washed with acid and si lanized with chlorodimethylsi lane;  t e m -  
pera ture  programming was f rom 125 to 225°C. 

Alkaline Degradation of Sargassan and Pelvecyan.  A 
solution of 100 mg of one of the polysacchar ides  in 2 ml of 0.1N 
caustic soda was t rea ted  with 20 ml of sodium te t rahydrobora te  
and the mixture  was left  at room tempera tu re  fo r  7-17 days. 
Then it  was neutral ized with 1 N acetic acid and studied by chro-  
matography on var ious types of Bio-Gels  and Sephadexes. 

Par t ia l  Acid Hydrolysis  of Sargassan and Pelvecyan. A. 
A mix ture  of 100 mg of polysacchar ide  and 2 ml of 1% sulfuric 
acid was heated at 100 ° C for  1 h, The react ion mixture  was 
neutral ized with ba r i um carbonate,  deionized with Amberl i te  IR-  
120 (H+), and poured into ethanol (four volumes).  The prec ip i ta te  
was separa ted  off by centrifuging and subjected to chromatog-  
raphy on Bio-Gels.  The supernatant  solution was concentrated,  
and the resul t ing  s i rup was used for  paper chromatography.  

B. A mixture  of 100 mg of polysacchar ide  and 2 ml of 0.4 
N hydrochlor ic  acid was heated at 90 ° C for  14 h. Then i t  was 
~poured into ethanol, and the prec ip i ta te  and the supernatant  solu- 
tion were  studied as descr ibed above. 
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Prepa ra t i on  of the Sargassan  and Pe lvecyan  Fragments .  A. A mix ture  of 2.5 g of s a r g a s s a n  and 
150 ml  of 0.5 M oxalic acid was heated at 100 ° C for  30 min. Then it was dialyzed and the res idue  was 
f r e e z e - d r i e d  and again hydrolyzed with oxalic acid under the s a m e  conditions for  1 h. The hydro lysa te  was 
dialyzed to neutra l i ty .  The combined d ia lysa tes  were  neut ra l ized  with ca lc ium carbonate ,  deionized with 
Amber l i t e  IR-20 (H+), and evapora ted .  A mix tu re  of mono-  and o l igosacchar ides  was obtained with a yield 
of 1.6 g. The undialysable  res idue  was f i l tered,  and the res idue  on the f i l t e r  was washed with water  and 
dr ied in vacuum.  The polypeptide had the f o r m  of a brown powder;  yield 0.15 g. The f i l t ra te  was f r e e z e -  
dried,  which led to a s a r g a s s a n  f r agmen t  with a yield of 0.45 g, [o~]~ + 15°C (in water) ,  containing 42.4% of 
glucuronic acid,  6.7% of sulfate groups,  0% of ni t rogen,  and 1.3% of ash.  

l?ne f r e e z e - d r i e d  compound (10-20 mg) was hydrolyzed with 2 N sul fur ic  acid at 100°C fo r  6 h. The 
hydro lysa te  was shown by GLC (Fig. 1) and PC to contain,  in addition to glucuronic acid and glucuronolac-  
tone, mannose  (as the main component) and only t r a ce s  of xylose  and galactose .  

B. Pe lvecyan  (1.0 g) was t r ea ted  with oxalic acid as  descr ibed  above. The yie lds  were:  mix ture  of 
mono-  and o l igosacchar ides  0.7 g; polypeptide 0.1 g; pelvecyan f r agmen t  0.15 g; [o~]~- 25°C (in water) ;  
the la t te r  contained 45.6% of glucuronic acid, 7.5% of sulfate groups,  0% of nitrogen, and 1.9% of ash. The 
hydro lysa te  of this f r agmen t  was shown by GLC (see Fig. 1) and PC to contain as the main  components  
glucuronic acid, glucuronolactone,  and marmose,  and also t r a ce s  of xylose,  fucose,  and galactose .  

Per iodate  Oxidation of the Sa rgassan  and Pe lvecyan  F ragmen t s .  Each po lysacchar ide  (100 mg) was 
oxidized with 100 ml  of 0.015 M sodium metaper ioda te  at 4 ° C and pH 5.4 in the dark.  The consumption of 
per ioda te  in both c a s e s  was 0.5 mole  p e r  anhydro unit. The polyaldehydes obtained were  reduced with 
sodium te t r ahydrobora te  to polyaleohols.  Yield about 100 rag. The reduct ion products  contained 3.0-4.6% 
of sulfate  groups.  The hydro lysa tes  of both polyalcohols  were  shown by PC and GLC to contain glucuronic 
acid, glycolaldehyde,  and glycerol ,  in addition to a smal l  amount of mannose.  

S U M M A R Y  

It has  been shown that the molecules  of s a r g a s s a n  and pe lvecyan each contain a l inear  h i g h - m o l e c u l a r -  
weight f r agmen t  consis t ing of res idues  of glucuronic acid and mannose  a l ternat ing with one another.  
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