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The alga PhYlloph0ra nervosa  (a red alga of the Black Sea) contains a considerable  amount of protein substances 
[1, 2]. We have investigated the globulin isolated f rom Phyllophora and purif ied it by fract ional  precipi ta t ion at the 
i soe lec t r ic  point [2]. 

The total globulin was fractionated by gel f i l t ra t ion through a column of Sephadex G-100. This gave fract ions A, 
B1, and B 2, the homogeneity ofwhichwere  checked by rechromatography and e lect rophores is  (Fig. 1). The fract ions 
were dialyzed and then f reeze-dr ied .  The content of amino acids was determined in the hydrolysate (Table 1), 
tryptophan being determined in a separa te  sample [3]. 
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Fig. 1. Rechromatograms of f ract ions of the 
globulin of Phyllophora on Sephadex G-100. 
(Column 28 × 1.7 cm, buffering and elution 
with a 7% solution of common sal t  at pH 7.0 
with a rate of elution of 0.5 ml /min) .  
1) Prote in  according to Lowry, 2) 
carbohydrates  by the anthrone method, a) 
f ract ion A, b) f ract ion B1, c) f ract ion B2. 

As the f igures  in Table 1 show, the qualitative amino acid composition of f ract ions  A and B of the Phyllophora 
globulin is identical .  However, there are considerable  quantitative differences.  Thus, a charac te r i s t ic  feature of 
fract ion A is the high content of aspar t ie  acid, threonine, proline,  and phenylalanine,  while fract ion B has a 
considerably higher content of the basic  amino acids, lycine, histidine, and arginine,  and also tyrosine.  

The resul ts  of a determinat ion of the N- te rmina l  amino acids in the fract ions of the Phyllophora globulin studied 
are  given in Table 2. 

We see from Table 2 that the N- te rmina l  amino acids of f ract ion A of Phyllophora globulin are lysine,  of 
f ract ion B1, lysine and glutamic acid, and of fract ion B2, glutamic acid. 

The Phyllophora globulin fractions isolated prepara t ively  were character ized by their content of carbohydrates ,  
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14I. On cons ider ing  the reehromatography curves ,  we see as before [21, that the bulk of the carbohydrates  is found in 
f rac t ion A. F rac t ion  B 1 also contains carbohydrate ,  but in a cons iderably  sma l l e r  amount.  F rac t ion  t32 does not con-  
ta in  any carbo!hydrate. The composi t ion and amount of carbohydrates  in f rac t ions  A and B 1 a re  different not only with 
respect  to the total but also with respec t  to the pa r t i cu la r  monosacchar ides  presen t .  Thus, f ract ion A contains 10.29% 
galactose,  6.4{)% glucose,  and t r aces  of arabinose  and xylose.  In contrast ,  only glucose is  found in fract ion B 1. The 
t ime nece s sa ry  for the hydrolys is  of these f ract ions  shows that they can be c lassed among the eas i ly-hydrolyzed p ro -  
te in  substances .  However, amino sugars  were not found in any of the f ract ions .  

Table 1. Amino Acid Content in the Frac t ions  of 
Phyllophora Globulin (70 on the Dry Weight of the 
Samples) 

Fractions of the Fractions of t he 
Phyllophora Phyllophora 

Amino acid lobulin Amino acid globulin 

A [ B A B 
I 

Lysine 3,36 [ 8,85 Vatine 4 ,02 3 ,45  
Hist id ine  0,741 1,77 Methionine 0 ,42 0 ,35  

• Arginine 4,00 8,39 Isoleucine 9,75 1,41 
Aspartic acid 1,05 8,63 Leucine 5,41 4,77 
Threonine 6 ,14  3,78 Tyrosme 2,42 4,44 
Serine 5,62 4,47 Phenylatanine 6,63 5,45 
Glutamlc acid 9,70 110,20 Tryptophan 1,40 -~- 
Proline 8,02 ] 6,96 Norieucine ~ _u 
Glycine 6,02 5,87 Cysteic acid + -J- 
Alanine 5,9-8 ] 4,50 

Thus, the differences in the molecular  weight, in the amino acid content, and in the N- te rmina l  amino acids, 
and also the quali tat ively different  carbohydrate composit ion and the difference in total amount of carbohydrates  
emphasize  the substant ia l  differences between f ract ions  A and group B. 

Table 2. l~esults of the Identification of the DNP-Amino Acids 
of the Frac t ions  of Phyllophora Globulin 

R f o f  the DNP-amino acids and other producis 
of dinitrophenylation in the following solvents 

Fraction 

A 

B1 

B~ 

toluene citrate borate 
buffer buffer 

exp marker exp marke[ 

0.9310,941 
0,70 Io,7o I 
0,05410,0541 0,62 0,63 
0,70 [0,70 I 0,43 0,44 

0,37 0,36 0,95 10,94 I 
0,049 0,051 
0,70 0,70 

exp marker 

0,66 0,65 
0,70 0,70 

N-terminal amino acid 

Lysine 
Dinitroaniline 

Glutamic acid 
Dinitroaniline 
Lysine 

Glutamic acid 
Dinitroaniline 

On analyzing the nature  of the kinetic curves of the l ibera t ion  of carbohydrates  in the acid hydrolysis  of f ract ion 
A (Fig. 2), we see that the s t rength of the bonds of the glucose and galactose with the pro te in  par t  of the molecule is 
different.  Thus, at the beginning of hydrolysis  with 0.5 N HC1 glucose is l iberated,  and this continues for 6 hr. This 
per iod of degradation of the prote in  molecule is charac ter ized  by a very smal l  accumulat ion of amino acids in the 
hydrolysate.  After hydrolysis  for 12-15 hr, the galactose has been l iberated completely,  after  which the amount of 
aspar t ic  acid, lysine,  and tyros ine  in the solution inc reases  sharply.  This is apparently due to the fact that galactose 
is  a binding link between the carbohydrate  and peptide moiet ies  of f ract ion A. Consequently, the l ibera t ion  of galactose 
is reflected in the degradat ion of the peptide chain. Thus, on the bas is  of the resu l t s  obtained it  may be assumed 
the carbohydrate par t  of the molecule is  attached to the peptide chain through galactose. The par t  of the polypeptide 
chain to which the carbohydrates  are  attached is made up of the amino acids aspar t ic  acid, lysine,  and tyrosine.  

The resu l t s  obtained allow us to assume the existence of severa l  types of bonds between the carbohydrate and 
prote in  par ts  of the molecules .  In the p resen t  case, these may be es ter ,  ether,  amide or s i m i l a r  bonds [5]. 

An independent proof of the presence  of an es te r  bond between the carbohydrate par t  and the peptide chain in 
f rac t ion A, apparent ly through the fl-carboxyl group of aspar t ie  acid, is  the appearance of aspar t ic  acid in the 
hydrolysate immedia te ly  after  the l iberat ion of the carbohydrates .  If the /3-carboxyl group of aspar t ic  acid were not 
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bound, the predominant  cleavage of the peptide chain would take place in the region of aspar t ic  acid, according to 
l i t e ra tu re  data. 
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Fig. 2. Kinetic curves of the l iberat ion of 
carbohydrates  and amino acids in the 
hydrolysis  of f ract ion of A of Phyllophora 
globulin with 0.5 N HCI: 1) galactose, 
2) glucose, 3) lysine,  4) tyrosine,  5) aspar t ic  
acid. 

The par t ic ipat ion of the phenyl hydroxyl in the formation of a bond with the carbohydrate can be studied by 
severa l  methods, including UV spectroscopy. The absorption curves of fract ions A, B1, and B 2 in the UV, which are 
given in Fig. 3, show that the absorpt ion maximum for fract ions B 1 and B2 is at 278-279 rap. This corresponds to 
conventional ideas concerning prote in  molecules .  
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Fig. 3. UV spectra  of fract ions of Phyllophora 
globulin: a) f ract ion A, b) fract ion B1; c) 
f ract ion B2. 

The absorption maximum of fract ion A is shifted to 255-260 mp,  which is general ly associated with a decrease  
in the polar izabi l i ty  of the phenyl r ing [7, 8] and may show the presence  of a bound phenyl hydroxyl. 

By comparing these resu l t s  with the nature  of the kinetic curves of the l iberat ion of amino acids and 
carbohydrates ,  we may assume that an ether linkage exis ts  between the carbohydrate moiety and the hydroxyl group of 
the tyros ine  of the peptide chain of f rac t ion  A of Phyllophora globulin. 

The resul t s  obtained enable fractions A and B1 of Phyllophora globulin to be c lassed with the glyeoproteins,  
although they differ from one another in their amino acid and carbohydrate content and in their  N- te rmina l  amino 
acids. 

EXPERIMENTAL 

Separation of the total globulin. The crude globulin was subjected to gel f i l t ra t ion through a column of Sephadex 
G-100, being eluted with a 7% solution of common sal t  at pH 7.0 at the rate of 0 .5-0.8 ml / mi n .  Fract ionat ion was 
monitored for the prote in  fract ion by Lowry's method and for the carbohydrate fract ion with anthrone [2]. The 
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f ract ions  obtained were  sal ted out with ammonium sulfate to 45% saturat ion at pH 5.0, and then subjected to acce le ra t ed  

dialysis  and f r e e z e - d r i e d .  

Determina t ion  of the homogeneity of the f rac t ions  was ca r r i ed  out by moving-boundary e l ec t rophores i s  on an 
EMIB ins t rument  for  m ic rophore s i s .  Borate  buffer with pH 10.8 and an ionic s t rength 0.05 was used to separa te  the 
globulin f ract ions .  In cont ras t  to the buffer  solutions recommended  in the ins t ruct ions  for  the instrument ,  the solution 
which we used ensured a be t t e r  separat ion and the production of a be t te r  defined curve.  

Determinat ion  of the N- t e rmina l  amino acids was ca r r i ed  out by dinitrophenylation using the method of Stepanov 
[9] and F i r f a r o v a  [10] with some additions. The dinitrophenylated amino acids were  separa ted  by chromatography af ter  
hydrolys is  of the ma te r i a l  under study in two solvents ,  toluene and c i t ra te  or  borate  buffer.  The combination of these 
solvents  gave the bes t  separa t ion  and the most  re l i ab le  identification. The m a r k e r s  were  DNP-amino acids f rom the 
f i r m  Bri t i sh  Drughouses Ltd. 

Determina t ion  of the carbohydrate  content was ca r r i ed  out af ter  the hydrolysis  of the f ract ions  in the catalyt ic  
p r e sence  of 0.5 N HC1 (ratio 1 : 200) at 100 ° C for  1-18 hr. Samples of these hydrolysa tes  were  taken for  the 
chromatographic  de te rmina t ion  of the carbohydrates  and amino acids [11]. 

Determinat ion  of the amino sugars  was ca r r i ed  out by the E lson-Morgan  method [12] using as m a r k e r s  amino 
sugars  f rom the f i rm  California  Corporat ion of Biochemical  Besea rch ,  Los Angeles.  

Determinat ion  of the total  amino acids content was ca r r i ed  out on the hydrolysate  obtained by the action of 6 N 
HC1 on an ana lyzer  f rom the f i rm Evans E lec t rose l en ium Ltd. (England). 

The UV spec t ra  were  taken on an SF-4a  spec t rophotomete r  in a 7% solution of common sal t  at pH 7.0. 

C O N C L U S I O N S  

The globulin of the alga Phyl lophora is he te rogeneous  and consis ts  of a number of f ract ions ,  some of which we 
ass ign to the glycoproteins .  These  f rac t ions  differ  in their  mo lecu la r  weights,  N- te rmina l  amino acids,  and t h e  
amount and composi t ion of the amino acids and carbohydrates .  

The main d i f ference  between the f rac t ions  of Phyllophora globulin is the nature of the carbohydrate  bond with the 
t rue prote in  par t  of the molecule .  
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