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It has been shown previously [1, 2] that Ascophyl!um nodosum and Laminaria hyperborea (brown a lgae)  contain 
acid polysaecharides with a f irmly bound protein component.  Until now there has been no information on the presence of 
mixed carbohydrate-prote in  compounds in other brown a lgae .  

Algae 

Table I 

alginic acid 
([r. 1) 

I spring mmmertautumn 

Sargassum pallidum (1) 
Laminaria japonica (II) 
Chordaria magellani- 

~ .  (III) 
Fucus evanescens (IV) 
Desmarestia viridis (V) 
Dictiota sp. (Vl) 
Cystoseira isp. (VII) 
Pelvetia sp. (VIII) 
Heterochordaria abieti- 

na (lX) 
Costaria costata (X) 
Scytosiphon sp. (XI) 
L.amin0ria Cichariol- 

d e____~s (XII) 
Sphaerotrichia sp. (XilI) 

22.5 
26.1 

12.0 

8.8 
10.0 
36.0 
41.8 

33.4 
36.6 i 

30.0 I 

Content, % 

other polysac- 
charides (fr. 2) 

spring .Isummertautumn 

protein in the poly- 
saccharides (fr. 3) 

34.3 
37.2 

19.2 

22,5 
17,5 

39.3 

34.4 

40.1 
54.3 

23.6 
22.7 

9.5 
76.0 

4J.2 

40.8 

49.6 
19.6 

8,0 
13,7 

23.8 

1~.0 
16.7 
14.8 
18.4 

13.0 

8.0 

10.0 
15.5 

11.0 

15.0 
22.0 

21.4 

7.91 

23.2 
11.7 

31.71 
33,8 
13.5 
lO.0 

25.0 

24.2 
8.8 

30.2 
40.0 

spring 

8.1 
18.9 

14.7 

5.3 
3.3 

18.9 I 

2.0 
5.3 

5.0 

mmmeriautumn 

23.0 24.4 
4,1 I 5.9 

--  3 .8  
- -  21.2 
7.1 10.2 

13.1 
5.3 - -  
3.0 I 5.1 

------ I 12.7__ 

12.0 6.3 
- -  13.2 

We have studied the brown a lgae  of the Sea of Japan col lected in 1966-1967 during various vegeta t ion periods. 
Three samples of each species were studied in para l le l .  Table 1 gives the yie ld  of a lginic  acid  (fraction 1) and the 
content of polysacchar ide  fraction after the e l iminat ion  of the a lginic  
ac id  by ac id i f ica t ion  (fraction 2). Fraction 2 was treated by Sevag's 
method to give fraction 3. The protein content in this fraction varied 
from 2.0-24%. However, it gave no prec ip i ta te  with t r ichloroacet ic  
ac id  and sodium tungstate,  which may show the comple te  prec ip i -  
ta t ion of the uncombined protein.  

Tab le  2 shows the monosacchar ide and amino acid composi-  
tion of the 3rd fraction from the brown a lgae .  It can be seen from 
the table  that for the major i ty  of a lgae  this fract ion has qua l i ta -  

t ive ly  s imilar  monosacchar ide and a m i n o  acid composit ions.  A 
character is t ic  feature is the presence of large amounts of galactose,  
fucose, and xylose. Uronic acids are present in fraction 3 from all  
the a lgae  studied, but their amount (from 5.0 to 25%) is consid-  
erably lower than the content  of neutral  monosaccharides.  The 
pept ide  component  is made  up of a fair ly large select ion of or-  

dinary amino acids and only in some cases were the spots of un- 
ident if ied amino acids with low R] values found on chromato-  
grams.  

To e luc ida te  the distribution of the component  of frac-  
t ion 3 with respect to molecular  weights, gel  f i l t rat ion was 
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Fig. 1. Gel f i l t ra t ion of brown algae  polysaccha-  
rides on Biogel P-20: 1) Sargassum pall, idum; 

2) Laminaria  japonica;  3) C hordaria mage l l an ica ;  
4) Fucus evanescens; 5) Desmarest ia  viridis; 
6) Dict iota  sp. ; 7) Pelvet ia  sp. ; 8) Heterochorda-  
ria abiet ina;  9) Laminar ia  cicharioides;  10) ,Spha- 

erotr ichia sp. 

carr ied out on Biogels P-20 and P-60 (Figs. 1 and 2). In a number of cases, only one peak  was obtained on the elution 

curves but genera l ly  there were two, which may  show the l ack  of homogenei ty  of fraction 3. The course of gel  f i l t ra-  
t ion was checked au tomat i ca l ly  by means of a continuous ul t raviole t  densi tometer  and in para l le l  by the phenol -su l -  
phuric ac id  method [4]. In addit ion,  the eluates were analyzed on the basis of a protein content  de terminat ion  by Lowry's 
method (fractions from the column) [5]. Analyses by al l  three methods gave curves of s imilar  shape, which confirms the 

relat ionship be tween the polysaechar ide  and the pept ide components in fract ion 3. 
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Experiment,~ 

Chromatography was carried out on Whatman No, 3 paper with the following systems of solvents (by volume):  
1) ethyl ace t a t e - -py r id ine - -g l ac i a l  ace t ic  ac id- -water  (5 : 5 : 1 : 3); 2) g lac ia l  acet ic  ac id- -e thyl  ace ta te - -water  (1 : 2 : 3), 
and 3) b u t a n - l - o l - - g l a c i a l  ace t ic  ac id- -water  ( 4 : 1  : 1). The spots were revealed with the following reagents: 1 and 2-- 

ani l ine hydcogen phthalate;  8--0.2% solution of ninhydrin in 
acetone.  The content of uronic acids in the polysaccharide 
fractions was determined by the carbazole  method [6] and 
the content of proteins co lor imet r ica l ly  by Lowry's method 
[5]. All  the solutions were evaporated in vacuum at 80-50  ° C. 
Gel f i l t rat ion was done using Biogels of the firm Bio Rad Lab- 
oratories (Cal ifornia ,  USA). 

Isola:ion of the total  polysaccharide fraction. Fiffyy 
grams of fresh a lgae  was extracted with methanol  in Soxhlet 
apparatuses. The residue was dried to constant weight.  The 
standard defatted sample was subsequently extracted with d i -  
lute ace t ic  acid (pH 5 - 6 )  at 50 ° C and then with disti l led 
water at  90 ° C, and exhaust ively with 0.5% ammonium oxa-  
la te  solution at 75 ° C. The alginic  acid  (fract ion 1) p rec ip i -  
tated from the combined solution on ac id i f ica t ion  to pH 1 .5 -  
2. This was separated by centrifuging,  dried in a vacuum 
desiccator ,  and the yie ld  was determined g rav imet r i ca l ly  
(see Table  :1). The centr i fugate was neutral ized with sodium 
carbonate solution, d ia lyzed  against dis t i l led water for 2 hr, 

and evaporated to small  bulk.  The polysaccharides were p re -  
c ip i ta ted  w, Lth a fourfold volume of methanol .  The precipi -  
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Fig. 2. Gel  f i l t rat ion of brown algae  polysaccharides 
on Biogel P-60. 1) S_.argassum pal l idum: 2) Laminar ia  
japonica;  3) Chordaria magel lan ica :  4) Fucus evane-  
scens; 5) Desmarestia viridis i 6) Dict iota  sp. ; 5) Pe l -  
vet ia  sp. ; 8) Heterochordaria abiet ina;  9) Laminar ia  

cicharioides;  10) Sphaerotrichia sp. 

tare of polysaccharides (fraction 2) was f i l tered off, dried, and weighed,  the yields being given in Table 1. A mixture 
of 1 g of polysaccharides (fraction 2), 100 ml of water,  25 ml of chloroform, and 10 ml of amyl alcohol was shaken for 
1 hr; the c~Lloroform layer  was separated off and the polysaccharide fraction was prec ip i ta ted  with methanol .  This t r ea t -  
ment  was repeated not less than twice ,  giving fraction 3, which we are still  studying. 

Acid hydrolysis of  the polysaccharide fraction. Determinat ion  of the monosaccharide composit ion.  Twenty mil l io  - 

grams of the polysaccharides was hydrolyzed with 1 ml of 2 N sulfuric acid at 100 ° C for 10 hr. The react ion mix ture  
was f i l tered,  neutra l ized with bar ium carbonate ,  and t reated with Amber l i te  IR-120. Chromatography was performed in 
system 1 to separate the uronic acids and in system 2 to separate the fucose and xylose (see Table  2). 

Deter:mination of  the amino acid composit ion.  Ten mi l l ig rams of polysaccharides was heated with 1 ml  of  6 N 
hydrochloric acid  at 105 ° C for 20 hr. The hydrolysate was evaporated in a vacuum desiccator  over caustic potash 
moistened with water,  and again evaporated to dryness. This operat ion was repeated twice more.  The residue was chro-  
matographed in system 3 as described previously [7]. 

Conclusion:; 

It has been shown that  the brown a lgae  of the Sea of Japan contain,  in addit ion to a lg inic  acid,  acid  po lysaccha-  
rides probably  bound to a pept ide  component .  

REF ERENC E3 

1. B. Larsen, A. Haug, and T.  J. Painter,  Acta Chem. Scand . ,  20, 219, 1966. 
2. E. Percival .  Chem. Ind . ,  London, 511, 1967. 
3. M~ G. Sevag. Biochem, Z . ,  273, 419, 1984. 
4. M Dubois, K. Gil les ,  J. R. Hamil ton ,  P. A. Rebers, and F. Smith.  Anal .  C h e m . ,  28, a50, 1956. 
5. O. H. Lowry, N. I. Rosebrough, A. L. Farr, and R. I. Ryndall, I.  Biol. C h e m . ,  19a, 265, 1951. 
6. T. Bitter and H. M. Muir. Anal .  Biochem. ,  4, a30, 1962. 
7. S. Srczepaniak  and I. Przeczkowska. C h e m . ,  Anal i tyczna ,  11, 1197, 1966. 

4 January 1968  Institute of Biological ly Active Substances, 
Far Eastern Branch, Siberian Division 
AS USSR 

65 


