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Summary : 

The present communication deals with the demonstration and tenfold 
purification of a phosphorylase from Ochromonas malhamensia acting 
on various algal reserve polysaccharides according to the equation: 

(R-l+3-glucan)n + 1 + Pi- -(D-lc3-gluean)n +cx-D-glucose-l-phosphate 

The phosphorolytic degradation of glycogen and starch in well studied 

vith enzymes from animals and plants. Besidea these oC-(l-4)-glucans 

there i8 a second major group of reserve polysaccharidea essentially 

characterized by B-(l-3)-linked g-glucose chains and by the presence 

of a few B-(l-C)-inter-chain linkage8. Poly8accharides of thir type 

conrtitufe the main reserve carbohydrate8 of diatoms, golden brown and 

brown algae and are known under the trivial nam88 of chryeolaminarin 

and laminarin1'2'3. The8e B-(1+3)-glucanr are rubrtrate8 for the 

pho8phoryla8e isolated from the golden brown flagellate ochromona8 

The enzyme was a8sayed during the procedure of partial purification 

mea8uring the formation of labeled polyeaccharide fromoc-g-gluco8e- 

14 C-1-phosphate and laminarin or chry8olaminarin a8 an acceptor. Table 

1 8how8 that the purification led to a tenfold increase in specific 

activity. The addition of protamine 8ulfate reclulted in an apparent 
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Table 1. Purification of the l3-1-3-elucea vhosnhorylase 

Ochrononas was grown for 2 days in the light (7) and the cells from 
2.5 1 nutrient solution were centrifuged, washed with water and 
disrupted in 3 ml 0.05 M Tris-HCl, pH 8.6, with a Brrnson sonificr. 
The homogenate was centrifuged at 50 000 I: g for 15 min. and the 
supernatant fractionated. The steps were: a) Addition of 3 mg protarine 
sulfate/ml. b 
saturation. c j 

Addition of sat. ammonium sulfate, pH 7.3, 40 - 50 $ 
Addition, of 5 mg calcium phosphate gel per mg of protein 

and elation by 4 ml 0.05 M sodium pyrophosphate, pH 8.6. d) Adjusted 
to pH 4.3 with 10 $ acetic acid. After dialysis for 2 h against 0.1 M 
Tris-HCl, pH 7.5, 1 mM EDTA, aliquot parts of the fractions were 
assayed for protein (9) and enzyme activity. 
The incubation mixture for the enzyme assay contained 60 mM s dium 
acetate buffer pH 4.5, 0.6 mM EUTA, 5 mM sodiumoc-g-glucose- 14 C-l- 
phosphate (0.43 q C/mmole), 0.25 mg laminarin and 3 to 50 pg of protein 
in a final volume of 0.05 ml. The mixture was incubated for 1 or 10 
minutes, boiled, applied to a chromatogram and developed for 18 h in 
ethanol/o.5 M ammonium acetate pH 7.5, 1 ad4 EDTA = 60/40. The labeled 
polysaccharide remained at the starting line and was counted on the 
paper strip with 5 g PPO/l tolnene in a Beckman LS 100 liquid scin- 
tillation system. 
minute at 250. 

One unit of enzyme transfers lpole glucose per 

Fraction 

Crude extract 

Total Activity 
(Units) 

Spec.Activity 
(U/mg protein1 

5.3 0.14 

Protamine sulfate, supern. 

Ammonium sulfate prec. 

Calcium phosphate gel eluate 

pH 4.3, supern. 

18.7 0.31 

11.0 0.45 

7.1 0.50 

6.9 1.30 

increase of total activity which may indicate that an inhibitor was 

removed by this step. 

The polysaccharide formed was identified aa follows: After paper- 

chromatography, it was solubilized fully from the paper by boiling it 

with 20 ml of voter for 20 minutes. The labeled material was not 

retained on a column of Sephadex G 25 but came off the column with its 

exlusion volume indicating a molecular weight of about 4000 or higher. 

On partial hydrolysis (0.5 ml cont. HCl + 0.5 ml fuming HCl, 2 h, 25') 

glucose, laminaribiose and a series of higher oligosaccharides were 

formed. The occurence of g-(l-3)-linkages was demonstrated by paper 

zone electrophoresis of the respective laminaribiitol in molybdate 
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Table 2. Acceptor snecifity of the B-l-3-plucan nhosnhorylase 

The incubation mixture contained 55 m&f sodium acetate buffer pH 4.5, 
0.55 mM BDTA, 18 mM sodium&-Q-glucore-i-phosphate, the indicated 
amount of acceptor and 16 g of enzyme (similar to last line, table 1) 
in a total volume of 0.05 q ml. After incubation for 20 minutes at 25’ 
the reaction was terminated by boiling for 3 minutes and the inorganic 
phosphate liberated was determined (10). Soluble laminarin was 
purchaeed from C. Roth (Chea. Corp. Karlrruhe). Chrysolaminarin 
from Ochromonas vas prepared by hot water extraction of dark grown 
cells. Acidic polysaccharides were precipitated from the extract with 
0.05 $ cetylpyridinium chloride and the chrysolaminarin recovered by 
precipitation with 10 volumes of ethanol. B.E. Volcani (La Jolla) 
kindly supplied a sample of chrysolaminarin from the diatom Navicula 
pelliculosa. 

Acceptor present 
( source, mg) 

Pi liberated 
(poles/20 min.) $ 

Water (control for phosphatase) 0.02 0 

Laninarin (brown algae, 0.25) 2.2+ 0.37 100 

Chrysolaminarin (Ochromonas, 0.27) 2.2s 0.22 57 

Chrysolaminarin (Navicula, 0.25) 2.2* 0.40 109 

Cellobiose 2.2 0.10 29 

Glucose 2.2 0.02 0 

Starch, soluble (0.25) 0.02 0 

Ma1 tose 2.2 0.02 0 

B-Methylglucoside 2.2 0.02 0 

* Nonreducing end groups were calculated on the basis of glucose 
content determined vith glucose-6-phosphate-dehydrogenase (111 
after hydrolysis (1 N HCl, 4 h, 100°) and roughly assuming a DP 
value of 30 and a Ff, value of 10 (2,3). This assumed concentration 
may differ from the actual concentration by a factor of about 2. 

buffer4. This results indicate that the product was a polysaccharide 

to which labeled glucose residues vere added in D-(l-+3)-linkage. 

The specifity of the enzyme wan determined by measuring the liberation 

of inorganic phosphate from glucose-l-phosphate in the presence of 

different acceptors (table 2). The highest activity wae found with 
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Table 3. Tim cowoo ud etoichiomotrr of the rractioa 

The reaction mixture oonkiwd 68 31 &odium acetate pE 4.5, 0.68 a?4 
EDTA, 13.6 m&l l odiumO(-~glaoooe-l%-l-pheophote (0.065 uC/uale), 
1.25 mg laminarin and 80 pg enzyme (oimilu to lret line, table 1) 
in a fiual volume of 0.5 ml. Aliquot8 of 0.05 ml were removed and 
l 8aayed for 
ae table 2). 

polysaecharide- 1% (same UB table 1) and phosphate (name 

Incubation time Pi liberated g- 
(minutes) (p"olea/O.O5 ml) 

l-J)-gluaan formed 
pole8/0.05 ml) 

10 0.09 0.09k 

20 0.185 0.190 
k 

B-(1+3)-glacan8, regardlea of their origin from taxonorically 

different algae. Soluble rtarch cannot rubrtitute for the B-(1+3)- 

glucans. As the enzyme rb4we no activity with gluco8e or B-methylglu- 

co8ide it i8 definitely different from laminaribio8e pho8phorpl88e 

irolated from Eunlena 5 Or A8ta8ia 
6 . The fact that the addition of 

cellobioee led to the liberation of 80114 inorganic phorphate may 

indicate that oligoeacchrrides containing g-linked-glaco8e can also 

function a8 8cceptor8. 

The validity of the equation given in the sumuary wa8 demonrtrated by 

the finding that the amount of phosphate liberated ~88 equal to that 

of g-(1+3)-glucan formed (table 3). The reversibility of the reaction 

is rhown by the formation ofoc-g-glucose-1-phorphate from larinarin 

and inorganic ph48phate (table 4). Although in thi8 rpecial experiment 

the reaction wa8 not fully proportional to time, it clearly 8howr that 

the phosphorylaee can degrade g-l&3-glucans. 

In analogy to the phosphorylares rpecific for atarch and glycogen, the 

enzyme described in this communication may function in the metabolic 

mobilization of reserve B-(1+3)-glucan8 in algae. It may play an 

additional role in OChromOna8, a8 one 8tep in the rever8ible frana- 
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Table 4, Formation of&-D-glucose-1-Qho8Qhate by the phosphorylaue 

The incubation mixture COQtaiQed 70 mM pota88ium-eodium pho8phate 
buffer, pli 6.5, 0.7 mM EDTA, 1.25 mg luinarin and 80 pg enzyme 

(8irilar to last line, table 1) in a final volume of 0.5 ml. The 
zero time control wa4 withdrawn at Go and the mixture tranrferred 
to 25'. Aliqnots of 0.1 ml were boiled at the indicated time 
followed by determination of d-g-gluco8e-l-pho8phate with phospho- 
glacoruta8e and glnco8e-6-pho8phate-dehydrogena8e (12). 

formation of chry8olaminarin intom-galacto8yl-(l-cl)-glycerol which 

ir of importance in regulating the ornotic balance of thi8 flagellate 7,s . 

Acknovnlednement: Thi8 work ha8 been 8upportcd by a grant from the 
Deutrche For8chung8gemeiQ8chaft. 
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