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We have previous ly  shown [1] that some brown algae from the Sea of Japan contain peptidoglucuronoglycans.  In 
this paper  we descr ibe  the isolat ion of such a compound, which we have called "sargassan ,"  f rom the brown alga 
S. pall idum, which is widely dis t r ibuted in the Sea of Japan, and we give this compound's  cha rac te r i s t i c s .  

After the e l iminat ion  of pigments ,  low-molecular -weight  impur i t ies ,  and r e se rve  polysacchar ides ,  the 
extract ion of the alga with hot water  and 0.5% ammonium oxalate yielded a polysaecharide f rac t ion consis t ing mainly  of 
alginie acid (AA) and sargassan .  The bulk of the AA was el iminated from the solution in the form of its potass ium salt .  
Various methods of f ract ionat ion were used to separate  the AA more  completely.  These included gel f i l t ra t ion  on 
var ious types of Bio-gels (P-30, P-60,  P-100, P-200). The elution curve on Bio-gel  P-200 is given in Fig. 1. The 
second peak corresponds  to the AA. However, the use of Bio-gels  for preparat ive  purposes does not appear possible,  
s ince i r r e v e r s i b l e  absorpt ion of the polysaccharides  takes place, which leads to a low yield of sa rgassan .  
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Fig. 1. Gel f i l t ra t ion of the total polysacchar ide 
fract ion on Bio-gel P-200. Optical densi ty at (1) 
490 m/~, at (2) 232 my, and at (3) 750 n ~ .  

Frae t ionat ion  with ethanol or Cetavlon did not give sa t is factory resu l t s .  In the la t te r  case,  complete 
precipi ta t ion of the polysaeehar ides  was observed,  which shows their acidic nature.  

Frac t ionat ion  with copper acetate by a method descr ibed previously [2] was more  successful .  It led to the 
precipi ta t ion of the AA; the res idual  solution yielded sa rgassan  containing only t races  of AA and giving, on hydrolysis ,  
galactose,  mannose,  fucose, xylose, glucuronie acid, glucurone,  and only a very smal l  amount of mannuronie  and 
guluronie acids, which are p re sen t  in AA. Even bet ter  resul t s  were achieved by fract ionat ion with ba r ium chloride or 
ba r ium hydroxide with subsequent repree ip i ta t ion  of the sa rgassan  by ethanol f rom aqueous solution. The sa rgassan  so 
obtained with [~]~0 _40  ° (in water) was used for fur ther  study, although it contained a smal l  amount of AA (table). 

We can see from the table that sargassan contains a fairly large percentage of clueuronic acid and is, moreover, 

a sulfated polysaceharide. 

The homogeneity of the sa rgassan  was studied by various methods. Figure  2 gives the resu l t s  of gel f i l t ra t ion of 
the sample obtained on Bio-gels .  The elution curve for Bio-gel P-200 has two peaks. The f i r s t  peak cor responds  to 
sa rgassan ;  it is considerably  l a rger  than the second, corresponding to alginic acid. In ion-exchange chromatography 
on DEAE cel lulose [4], s a rgassan  gives prac t ica l ly  a single peak showing the acid nature of the polysacchar ide (Fig. 
3). The e lec t rophores is  of s a rgas san  in a polyacrylamide gel by the method descr ibed previously  [5] leads to a lmost  a 
single zone, which also shows its homogeneity. 
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The monosacchar ides  p resen t  in the carbohydrate chain of sa rgassan  (D-galactose, D-mannose,  D-xylose,  
L-fucose,  and D-glucuronic acid) were identified by paper chromatography in various systems,  by gas- l iquid 
chromatography (GLC) of the t r imethyls i ly l  (TMS) ethers [6], by th in- layer  chromatography (TLC) of the products of 
par t ia l  methylation of authentic samples and those under investigation [7], and also by TLC in layers  of impregnated 
s i l ica  gel [8]; the glueuronic acid was also identified by paper e lee t rophores is  [9]. 

Analytical Data for Purif ied Sargassan 
Content, % 

Composition 
1" 1"* 

C t7,8 41,33 
H 5,58 6,10 
N 0,53 0,58 

Sulfate .3,9 15,2 

Uronic 
acids !1,9 24,0 

Protein 7 ,0  77***' 
3'6.**; 

Ash 8,5 0 

2* 2** 

29,7~ 
4,7~ 
0,4~ 
5,6 

24,2 
6,55 

24,1 

39,15 
6,22 
0,63 
7,4 

32,0 
8,6***; 

3,92**** ~ 
0 

*The sample was obtained by fractionation: i)  with copper 
acetate; 2) with barium chloride. 
**Calculated to the ash-free material. 

* * *Determined by Lowry's method [3 I. 
* * * *Calculated from the nitrogen content. 

The re la t ive  amounts of galactose, mannose,  xylose, and fueose in a sa rgassan  hydrolysate were determined by 
GLC; they were approximately 1 : 3 : 3 : 2, respect ively.  
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Fig. 2. Gel f i l t ra t ion of sa rgassan  on Bio- 
gels (1) P-30,  (2) P-100, and (3) P-200:  
A) peptidoglueuronoglycan; B) alginie acid. 

The par t ia l  acid hydrolysis  of sa rgassan  gave a se r ies  of ol igosaccharides.  The isolat ion of some of them, 
consist ing of xylose and fueose res idues ,  shows the presence  of a bond between these monosacchaxide res idues  in the 
sa rgassan  molecule.  

fO 30 150 7/] 90 110 i ml 

Fig. 3. Elution era:re of the chromatography 
of sa rgassan  on DEAE cellulose.  Elution 
with (1) 0.5 M NaH2PO4 and (2) 0.05 ~ 0.03 
M NaOH. 

No amino sugar was detected in sa rgassan  by paper chromatography, e lec t rophores is ,  or quantitative 
de terminat ion  by the E l son-Morgan  method [10]. 

286 



We see from the table that s a rgassan  contains 4-5% protein,  which cannot be removed by Sevag's method [11]. 
The p resence  of the polypeptide component was confirmed by the resu l t s  of hydrolysis  with 6 N HC1 with subsequent  
e lee t rophores is  in py r id ine -ace t a t e  buffer (pH 4.5) and paper chromatography in system 5 [12]. Sixteen amino acids 
were found and were identified by compar ison  with authentic samples.  They were as follows (mM); histidine) 5.259, 
aspar t ic  acid) 0.068, threonine) 0.073, ser ine)  0.091, glutamic acid) 0.057, glycine) 0.073, alanine) 0.03, leucine) 
0.037, isoleucine) 0.036, valine) 0.008, cystine) 0.007, methionine) 0.003, tyrosine) 0.007, phenylalanine) 0.007, 
proline) 0.018, lysine) t races .  

The coincidence of the maxima of the sa rgassan  peak on the elution curves of ion-exchange chromatography and 
gel f i l t ra t ion and the resu l t s  obtained by the pheno l - su l fu r ic  acid method [13] and also from the prote in  content [3] show 
the p resence  of a bond between the carbohydrate  and peptide moiet ies  of sa rgassan .  In addition, when an aqueous 
solution of the polysacchar ide was t reated with sodium tungstate or t r ichloroaeet ic  acid, and then with phenol, no 
precipi ta te  was formed.  In all  cases ,  on acid hydrolysis  and also when a solution of the polysacchar ide  was treated 
with Dowex 50 x 4 (H +) cat ion-exchange r e s in  at 80 ° C for 20 h, the polypeptide remained as an insoluble res idue.  The 
amount of protein  in the supernatant  solution fell considerably.  

A special  invest igat ion is requi red  to de te rmine  the nature of the bond between the peptide and polysacchar ide  
components.  

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

Samples of polysacchar ides  were hydrolyzed with 2 N H2SO4 at 100 ° C for 15 h, with subsequent  neut ra l iza t ion  by 
ba r ium carbonate  and t rea tment  with Amber l i te  IR-120 (H+). The solutions were concentrated in vacuo at 40-45 ° C and 
used for chromatography. 

Chromatography was ca r r i ed  out on paper in the following solvent sys tems:  1) ethyl a c e t a t e - p y r i d i n e - w a t e r -  
acetic acid (5 : 5 : 3 : 1), 2) b u t a n - l - o l - e t h a n o l - w a t e r  (40 : 11 : 19), 3) b u t a n - l - o l - p y r i d i n e - w a t e r  (6 : 4 : 3), 4) ethyl 
ace ta t e -ace t i c  ac id -wa te r  (3 : 2 : 1), 5) b u t a n - l - o l - a c e t i c  ac id -wate r  (4 : 1 : 5); 6) n -p ropano l -e thy l  ace t a t e -wa te r  (7 : 
2 : 1 ) .  

The spots were revealed with ani l ine hydrogen phthalate. TLC was car r ied  out as descr ibed  previous ly  [8]. Gel 
f i l t ra t ion was performed in columns of Bio-gels  prepared as descr ibed by Anderson and Stoddard [14] (Bio-gels f rom 
the f i rm  Bio Rad Labora tor ies ,  California,  USA). 

GLC condit ions:  "Tsvet-2"  chromatograph (OKBA [Exper imental  Design Bureau for Automation], D zerzhinsk) 
with a f lame ionization detector using a 1-m column containing 10% SE-30 on Chromosorb W si lanized with 
dichlorodimethyls i lane;  t empera ture  of the column was 190 ° C and of the inlet  250 ° C; ra te  of flow of the c a r r i e r  gas 
(helium) 30 m[ /min .  The TMS der iva t ives  of the monosacchar ides  were obtained in the usual  way [6]. Elect rophores is  
in polyacrylamide gel was ca r r i ed  out as descr ibed by Pavlenko and Ovodov [5]. 

The amount of monosacchar ides  was determined by the pheno l - su l fu r ic  acid method [13], the uronic  acids by 
decarboxylat ion [15], the proteins  by Lowry 's  method [3], and C, H, N, and S by the c lass ica l  analyt ical  methods. The 
amino acids were identified by paper  chromatography [15] and were de termined quantitatively on a type 6020A amino 
acid analyzer  (Czechoslovakia). 

The S. pall idum was gathered in Ju ly -Augus t  1968 in the subl i t toral  of the Sea of Japan (region of the Marine 
Exper imental  Station of the Inst i tute of Biologically Active Substances of the Fa r  Eas te rn  Branch of the Siberian 
Branch of the Academy of Sciences of the USSR, Bay of Troi ts ,  Gulf of Pos 'e t ) .  

Isolat ion and purif icat ion of sa rgassan .  The f reshly  collected and comminuted algae (1 kg) were exhaustively 
extracted with methanol and covered with a 1% solution of formal in  for 12 hr. The res idue was t reated severa l  t imes 
with 0.2 N HC[ to e l iminate  r e s e r v e  polysacchar ides ,  separated off, mixed with water,  and neutra l ized with alkali. 
The polysaccharide was extracted success ive ly  with water and 0.5% ammonium oxalate solution at 75 ° C for 5 hr  (two 
treatments}.  The combined solution was dialyzed against  dis t i l led water. A 5% solution of calcium chloride was added 
to the dialysate  and it was left for several  hours.  The precipi ta te  of calcium alginate was separated off, and the 
solution was dialyzed against  dis t i l led water for severa l  days, t reated three t imes by Sevag's method [11], 
concentrated,  and f reeze dried. This gave a polysacchar ide fract ion consis t ing of a mixture  of AA and sargassan .  
Yield 16 g. Fur ther  fract ionat ion was car r ied  out with copper acetate, as descr ibed by Easterby and Jones [2], and 
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with bar ium chloride:  to 1.6 g of crude polysaccharide in 50 ml of water was added 10 ml of a saturated solution of 
ba r ium chloride. The precipi tate  formed was separated off, and the supernatant  was dialyzed against  dis t i l led water 
until  the react ion for chloride ion was negative. The solution obtained was f reeze dried. Yield 0.5 g. 

Isolat ion and identification of the monosaechar ides .  Sargassan (1.5 g) was hydrolyzed with 2 N H2SO 4 (150 ml) as 
descr ibed previously.  The syrup was deposited on a column of cellulose (2.8 x 50 cm) and was eluted with butanol two- 
thirds saturated with water, and then with butanol saturated with water. The fract ions collected (10 ml) were studied by 
paper chromatography in system 1. The combined fract ions were evaporated and were then purified by prepara t ive  
paper chromatography in system 1. After elution with 50% aqueous ethanol, the following monosacchar ides  were 
obtained in the individual state:  D-galactose,  D-mannose,  D-xylose,  L-fucose,  and D-glueuronic acid. They were 
identified by compar ison with authentic samples,  as described above. 

Par t i a l  hydrolysis  of sa rgassan .  A mixture  of 0.2 g of the polysaccharide and 22 ml of 1% HzSO 4 was heated at 
100 ° C for 1 hr. After cooling, the solution was treated with four volumes of ethanol. The precipi ta te  was separated 
off by centrifuging, and the solution was evaporated to a smal l  volume, neutra l ized with bar ium carbonate,  and 
deionized with Amberl i te  IR-120 (H+). The resul t ing  syrup was used for the separat ion of the ol igosaccharides on paper 
in sys tem 5. The zones were eluted with 50% aqueous ethanol and evaporated to dryness .  This yielded 2.5 mg of an 
ol igosaccharide (I) giving fucose and xylose on hydrolysis ,  and 2 mg of an ol igosaccharide (II) giving galactose and 
xylose on hydrolysis .  

CONCLUSIONS 

A sulfated peptidoglucuronoglycan, sa rgassan ,  has been isolated from the brown alga S. pall idum. The 
carbohydrate chain of this substance consis ts  of D-galactose,  D-mannose ,  D-xylose,  L-fucose,  and D-glycuronic acid 
res idues .  Some minor  monosacchar ide components may possibly be p resen t  in it. The peptides consis t  of 16 common 
amino acids. 
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