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(Received February 20, 1962)

Seven species of red algae collected from southeastern coast of India are
analysed for their protein and peptide hydrolysates as well as free amino acids,
using quantitative paper chromatographic technique. The amino acid
constituents of the proteins, peptides and freoc state varied both in quality
and quantity in the different species of red algae. All tho protein hiydrolysates
are found either comnsistently or occasionally in the peptides and free amino
acids. In addition, some free amino acids also occur. A brief comparison is
made with those of the other workers, on the genera investigated here and
on the allied species.

INTRODUCTION

The amino acid constituents of the proteins, peptides and free state
were ascertained in the following species of red algae collected from south-
eastern coast of India: Chondrococcus hornemanni (Mert.) Schmitz., Centro-
ceras clavulatum (Ag.) Schmitz., Spyridia fusiformis Boergs., Laurencic papil-
losa (Forsk.) Grev., Chondria dasyphylle (Woodw.) Ag.. Celliblepharis jubate
(Good ¢t Woodw.) Kuetz. and Hypnea muscifornis (Wulf.) Lamour. Algae
were collected in the months of February and March.

MATERIAY, AND METHODS

Algae were collected, preserved and analysed as described previously
(Lewis and Gonzalves, 1962).

REsuLts

Results are given in Tables I, I and II1. The amino acids, which could
1ot be estimated because of diffusion of the bands or interference of the other
compounds or minuteness of the quantity, are denoted by the ‘+7, “---+"
ete., signs. An increasing number of these signs indicate relatively larger
concentration of these with the colour rveagents used, the depth of colour
being judged merely by visual colour comparison.

* Presen! address : Central Marine Fisheries Research Substation, Ernakulam 6.
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Although hydroxyproline and tryptophan oceurred in estimable amount
in the proteins, dne to the inadequacy of the available equipment, these could
not be estimated in fofo, and are merely denoted by the ‘4 signs.  Leucine
and isoleucine are referred to as *leucine(s)’.

DISCUSSION
Protein hydrolysates :

Tn all, twenty-four amino acids were detected in the protein hivdrolysates
(¢f. conunents on the oceurrence of B-alanine, y-aminobutyvric acid, homo-
cyvstine and ornithine. Lewis and Gonzalves. 1962). Among these, twenty-
one were consistently detected. Of the twenty-two estimated, eighteen were
consistently determined quantitatively. The total amount estimated in these
algae ranged between the following extremes:

Amino acids and protein N (hoth based on per cent dry weight of the
alga) respectivelv: 2-85; 0-50 (Lawrencie papillosa) and 17-15; 2277 (Cewtro-
cerds clarulatum); amino acids in grams per 16 g of protein N: 87-73 (Spyridia
Jusiformis) and 9912 (Centroceras clnvulatum); per cent recovery of protein N:
76-69 (Spyridia fusiformis) and 94-56 (Calliblepharis jubaia).

The amine acid make-np of the proteins was found to vary both in
quality and quantity in the different species of red algae. The qualitative
variation was due to the inconsistency of g-alanine. 2-aminocaprylic acid and
homoeystine, while quantitative changes were obgerved in all the estimated
amino acids. Of the estimated ones, arginine, aspartic acid, glutamie aecid
{except in Spyridin fusiformis), leucine(s). phenvialanine and proline were
consistently in larger amounts; «-alanine. histidine and tyrosine were in simi-
larly large amounts in some species, while the other amino acids were consis-
tenth in fairly large quantities except S-alaniue, y-aminobutyric acid and
homocystine which were consistently in small amounts; moreover. cvstine.
lvsine and ornithine were occasionally in small amounts.

Peptide hydrolysates :

Of the twenty-two amino acids detected in the peptide hydrolysates.
nine were consistently found, while of the twenty estimated. seven occurred
consistently in estimable amounts. The amino acids in the peptides of these
algae ranged hetween the following extrenies :

Number detected: twelve (Centroceras clavulatum) and twenty-one
(Chomdria dasyphylla); number estimated: eight (Centroceras clarulatum)
and tweuty (Chondria dasyphylla): amount: 0-0018 per cent (Lawrencia
papillosa) and 0-04 per cent (Calliblepharis jubata).

Amino acid constituents of the peptides varied both in quality and
quantity in the different species of red algae. None of the estimated amino
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acids was consistently in larger quantity except proline; but some amino
acids occur occasionally in larger amounts; moreover, 2-aminocaprylic acid
and phenylalanine occurred m large guantities in Hypnea musciformas.

All the amino acids recorded in the proteins were found to occur either
consigtently or occasionally in the peptide hydrolysates except homocystine
and tryptophan (since all the samples were analysed after acid hydrolysis,
tryptophan in the samples might have been destroyed, cf. Lewis and
Gonzalves, 1962). This shows that although variationsin quality and quan-
tity of amino acids occurred in the peptide hydvolysates of the red algae,
their amino acid make-up in peptides is essentially the same as that of the
proteins, .

Free amino acids :

Of the twenty-eight free amino acids detected (including carnosine, a
dipeptide) only eleven were consistently found, while of the seventeen esti-
mated only «-alanine, aspartic acid, glutamic acid and valine were consis-
tently estimated. These free amino acids ranged between the following
extremes in the red algae studied :

Number detected : fifteen (Chondrococcus hornemanni) and twenty-one
(Hypnea musciformis) ; number estimated: nine (Chondrococcus hornemanni
and Centroceras clavulatum) and fifteen (Hypnea musciformis); amount:
0-0044 per cent (Spyridia fusiformis) and 0-0754 per cent (Hypnea musciformis).

Free amino acids were found to vary both in quality and quantity in
the species of red algae. None of these compounds occurs consistently in
large amount; but «-alanine, aspartic acid, glutamic acid, proline and serine
occur occasionally in large quantities.

All the amino acids found in the proteins occurred either consistently
or occasionally in free state except homocystine. But, in addition, asparagine,
carnosine (a dipeptide), glutamine, and phenylglycine were occasionally found
in the free state.

As regards amount of the proteins, peptides and free amino acids in the
species of red algae, proteins were consistently most concentrated, while either
peptides or free amino acids were in least amount.

A comparative account of the variations of amino acids (when estimated
at least in two different species) in the proteins, peptides and free state is
given in the tabular form below.

A brief comparison of the results, with thogse of the other workers on the
genera investigated here and the allied species, is given below:

Spyridia :

Lewis and Gonzalves (loc. cit.) studied Spyridia insignis. They estimated
and detected in addition, respectively, twenty and two amino acids in the
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Comparative account of the varictions o the cstiwaied amine weids {when estimated
at least in two different plants) in the proteins, peptides and free wundng aeids
in red alyue

{Protein hydrolysates are based on the amount per 16 g of protein N, while the
other two are based on the dry weight of the alga}

Proteins Peptides Free anvino acids
Compound

o-Alanine .. 7 2:17 7 50-01 7 81-37
p-Alanine . T 3 2272 3 1196
y-Aminobutyric acid 7 224 7 1065 b 62-24
Arginine 7 2.27 3 766 3 306
Aspartic acid 7 1-65 1 471 7 32-14
Cystine 7 4-85 3 13:61 7 1716
Glutamic acid n 4-15 5 6:79 3 209
tlveine 7 1-80 4 187

Histidine 7 210 3 RN

Homoeystine G 2:08

Leucine(s) N 2-12 n 593 i RITE A
Lysine 7 2:66 8 14-42 2 1287
Methionine 7 1-97 7 1500 4 13048
Ornithine 7 341 3 447 2 158
Phenylalanine 7 1-62 G G483

Proline 7 3-34 7 10-14 3 371
Serine 7 1-93 4 2:58 6 126-71
Threonine 7 1-91 2 2-87 2 6-13
Tyrosine 7 1-48 4 994

Valine 7 2:06 n 42-44 N 38-76
Total amount 7 1-13 7 22468 T 1723

* Indicates number of plants in which estimated.
** Ratio between the maximum and minimum (x: 1).

protein hydrolysates; six and four in the peptide hvdrolysates; eleven and
nine in the free state.

In Spyridia fusiformis investigated here, all the protein hydrolysates
recorded by Lewis and Gonzalves (loc. cit.) are found; in addition. 2-amino-
caprylic acid is detected. All the amino acids recorded in the peptide hydro-
lysates by Lewis and Gonzalves (loc. cit.) are estimated here except 2-amino-
caprylic acid (detected only) and arginime: but. in addition. y-aminobutyric
acid, aspartic acid, cystine, glutamic acid, histidine, methionine. serine and
tyrosine are estimated, while hydroxyproline is detected. Al the free amino
acids recorded by Lewis and Gonzalves (loc. cit.) are cither estimated or
detected here except cystine, histidine, phenyvlalanine, phenyl-seriue and
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threonine; but, in addition, methionine (estimated), 2-aminocaprylic aecid
and lysine are detected. Moreover, Lewis and Gonzalves (loc. cit.) observed
that free amino acids were more than peptides in Spyridia insignis, while
the reverse was observed here in Spyridia fusiformis. Although Spyridia fusi-
Jormis is more concentrated in the peptides than Spyridia insignis. the reverse
was the case in the quantity of proteins and free amino acids.

CGhondria :

Pillai (1957) estimated phenylalanine, valine. alanine, glycine, aspartic
acid, glutamie acid. serine, threonine and arginine in the acid hydrolysates
of both the mature and young specimens of Chondria dasyphylle; in addition.
tyrosine and histidine were estimated in the mature plants. while leucine(s).
in the young ones.

All the above-mentioned amino acids are estimated in the protein hydro-
lysates of Chondria dasyphylla here; in addition. g-alanine. y-aminobutyvic
acid, eystine, fvsine. methionine and ornithine are quantitatively determined.
while hydroxyproline and tryptophan are detected.

Hypnea :

In Hypnea musciformis, Pillai {loc. cit.) estimated all the amino acids
mentioned above for Chondria dasyphylla studied by him except tyrosine
and histidine which were absent in the mature and the young plants respec-
tively. Same species was investigated by Lewis and Gonzalves (loc. cit.) who
estimated all the compounds recorded by Pillai (loc. cit.); in addition, y-
aminobutyric acid, cystine, homocystine, lysine, methionine, ornithine and
proline were estimated, while -alanine, hydroxyproline and tryptophan were
detected.

In the same species investigated here, all the above-mentioned consti-
tuents are found in the protein hydrolysates except B-alanine; but, in addi-
tion, 2-aminocaprylic acid is determined quantitatively.

Lewis and Gonzalves (loc. cit.) had also studied the peptides and free
amino acids in the same species. In the peptide hydrolysates they estimated
sixteen amino acids and an additional two, in traces, while in the free state,
twenty-one were detected, of which fourteen were determined quantitatively.

In the peptide hydrolysates of the same species investigated here, all
the amino acids recorded by Lewis and Gonzalves (loc. cit.) are either esti-
mated or detected except S-alanine, glycine, histidine and serine; but, in
addition, 2-aminocaprylic acid and methionine are estimated.

All the free amino acids recorded by Lewis and Gonzalves (loc. cit.) are
either estimated or detected here except arginine, carnosine, cysteic acid,
and lanthionine; but, in addition, B-alanine, histidine, methionine and threo-
nine are detected, of which, except histidine, the other three were estimated.
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Moreover, though the species investigated here is identical to that
studied by Lewis and Gonzalves (loc. cit.), the specimens studied here are
comparatively poorer in the amount of proteins, peptides and free amino
acids. This may be possibly due to the change in the ecology of the speci-
mens studied rather than the variations in the stages of their growth.
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