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[Four species or Gracilaria are investigated for theit· free amino-acid contents, 
ss well as ami'no-acid constituents in the proteins and the peptides, using quantita­
tive paper chromatographic technique. 

Amino-acid constituents oi different species of Gracilaria differ only in amount, 
while free amino-acids and the amino-acids in the peptides vary both in quality 
and quantity. A number of amino-acids recorded as protein constituents have even 
escaped detection in the peptides, while i'n the free state they occur either in all 
the species or in some only except homocystine. :\1oreover, some amino-acids occur 
exclusiYely in the free state.] 

Introduction 

0 
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In continual ion of previous work (Lewis and Gunzah·c5, 1962), the free amino· 
acids, and the amino-acid contents of the proteins .antl pep lidcs in the species of Gracilaria 
have been studied to ascertain whether any qunlitatiYc nud quantitative Yariation occur · \, 
in them. The species investigated arc: G .. ~ompressa (Ag.) J. Ag .. G. confervoides (Linn.) 
Ore,·., G. lichenoides (Linn.) Harv. and G. cortica(a J . Ag. 

Experimental Procedure 
T he ~pecimcn:; wt'rc collected from :wuthea:;t eo:l"t of India, in the months of 

February and i\farch. These were cleaned, dried, powdered. preserYed and analysed as 
bus been described earlier (Lewi::; and Gonzah·e8, 1962). 

Besultt 
The results are gi\'t~n in T ables I , II, III and lV. The dai.a arc pre::cntcLl 011 

similar basis as has been cnumeratw in i.bc previous paper (Lcwi:: and Gonza!Ycs, 1962). 

l:>istulsion 
Of the twenty-three amino-aciJs det~etcd u, protem cou~htuents {cf. Lcw1s and 

Collzai\'Cs, 1962. p. 309, for comments on the occw·n·ncc of p-alanine, y-aminobulyric acid, 
homocystine and ornithine) in the species of G•a::iluria, all but P-alaninc occurred con• 0 
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sistently. These compounds were consistently estimated except hydroxyproline and tryp· 
tophan which were consistently detected (Lewis and Gonzalves, 1962). However, fl· alanine 
occurred in estimable amount in G. confervoides nnd G. lichenoides. In tthe algae studied, 
the estimated amount of amino-acid constituents of proteins, and protrin N (both based 
on per cent dry weight of the alga) rang0d respectively between 4.91 or 0.85 (G. com­
pressa) and 17.44 or 3.38 (G. COI"ticatn) ; amino-acids per 16 g. of protein N, and per cent 
recovery of protein ~ was respectiYdy between 82.49 or 87.89 (G. corH::ata) and 95.16 
or 94.90 (0. Uchenoirles) . 

The protein hydrolysn.tes ditl not yary in quality amm1g the different species of 
Gracl1aria ; but they Yariec1 in quantity. Glycine, proline, serine and threonine were most 
conc.entrated in G. com]Jressa than in the others ; arginine, leucinc(s) and tyrosine, in 
G. confervoide.s ; a-alanine, P-alanine aspartic acid, glutamic acid, histidinr. homoc-ystine, 
methionine,, phenylalanine and vaune, in G. lichenoides, while y-aminobutyric acid, cyf'tine 
lysine and ornithine, in G. cort-icata. Despite these Yariations, usually among the estimated 
compounds arginine, histidine, glutamic acid, aspartic acid, leucine(s) occurred in large 
quantities in all the four species ; a-alanine, cystine, methionine, phenylalanine and pro­
line were in similarly large amounts in few species only, while the other constituents were 
usually in considerable amounts in them excrpL fJ-alanine, y -aminobutyric acid and 
ornithine which \Yere in tracer <J.Uantitics. 

0 Pillai (1957) studied the acid hyc.iJ·olysates of G1·adlaria lichenoides and estimated 
alanine, arginine, aspartic acid, glutamic acid, leucine (s), phenylalanine, serine,, thrconin:l 
tyrosine and valine, in both the young and matUI'e specimens, while histidine was esti­
mated in mature specimens only. LC\\'is and Gonzalves (1960), studied the protein hydroly­
sates of Gmcilar'ia foliifera and estimated all lhe amino-acids recorded by Pillai (loc. cit'.) 
except glutamic acid ; but in addition, glycine, lysine, methionine and ornithine were 
estimated, while cystine and t.I-yptophan were detected. In the present investigation all 
the amino-acids recorded by the aboYc cited workers (Pillai, 1957 ; Lewis and Gonzal­
ves, 1960) are consistently estimated except trptophan, ·which was consistently d~tccted. 
In addition. y-aminobutyric acid and homocystine arc estimated in ali the four species, 
while hydroxyproline is detected consistently. 

0 

0 

In all, fifteen amino-acids were detected as peptide constituents. Of these, nine 
occm-red consistcnt.ly, while o£ the twelve compounds estimated only seven were estimated 
in all the four species. The total amount determined in them ranged between 0.0023% 
(G. lichenoides) and 0.01 % (G. corticata). 

The peptide hydrolysates varied both in quality and in quantity among the dif- -
ferent species of Gracilaria. All the amino-acid constituents of the proteins occurred 
consistently or occasionally in the peptides except P-alanine, glycine, homocystine, hydroxy­
proline, ornithine, threonine and tryptophan (since all the peptide samples were analysed 
after acid hydrolysis1 tryptophan in them might have been destroyed). In these algae 
usually proline alone had contributed nearlyhalf the peptide amount. 

Of the twenty-fom· free amino-acids detected, eleven were found in estin1able 
amounts, while only a-alanine, serine and valine occurred in estimable amounts in all 
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the four species. The total amount determined in them ranged between 0.0-!fo (G. liche· 
noidcs). and 0.085% (G. co1·ticata). 

The free amino-acids varied both in quality and C')Unntily in these al gae. ~one of th(! 
constituents was consistently in lnrge amount ; but ('ompn.rativcly serine was in large 
quantity except in G. l1'chcnoides. Although arginine W!l" !?eldom recorded in large amount 
in the free state in any -<caweecls (Lewis and Gonzttln·g, 195Du, b,1 1962a, b ; Lewis, 1962) 
it occmrcd in large quanti tic<: in G. corticata. nnc.l in \\ hich it contributed about thr~ 0 
qu:utcr,- of the to1al free amino-acid;:. 

All the amino-acid" recorded in the protein hydrolysatcs occurreJ either con,.bt­
cntly or occasionally in the free state except homocystine. :\Ioreover, 2-amiuocr prylic 
acid and glycocyamine occurred exclusively in the free stata in some of these species. 

Table I shows a comparative nc~ount of the YIHiations in the e:,titnnted umino­
ncids (when estimated nt least in two dHfcrent species) in prote:ins.: pcptid~s and free 
state in the different speciCR Of G~·acilaria. 

T.un.E I.- Compnralivc Account of Variations in the E::olimatcd Amino-.~cids 
1 when estimated at Jcn<:t in two diffrrcnt spcrie") in species of 

Gracila."ia 
(Protein hydroly.::ntr;; per 16 g. of protein X, while the other two are based on per cent. 

thy weight of the nlgn). 0 
F r ee Amino-Acids Compound Proteins P cptides 

------ +:__ ___ • ---+ __ • _ __ _:+ _____ . _ 
4 2.08 4 22.72 4 14.05 

o:-Alanine 
13- Ala.nine 
n- A minohutyrio acid 
Arginine 
Aspartic acid 
Cystine 
Glutamic acid 
Glycine 
Histidine 
Homocystine 
'Leucine (s) 
Lysine 
Methionine 
Phenylalanine 
Proline 
Serine 
Threoni ne 
TyTosine 
Valine 
T otal amount 

2 2.27 
4 1.86 4 8.96 
4 1 .4-U 
4 l.!H 
4 1.85 
4 1.4S 2 1.18 
4 2.05 
4 1.24: 3 6. 70 

4 2.42 
4 1.27 4 4.02 
4 1.68 3 7.08 
4 2.31 3 4.87 
4 1.64 
4 1. 3 4 3.83 
4 ] 67 
4 1.83 
4 1.62 
4 1.41 4 5.26 
4 1.15 4 4.34 

t Indicate., number o! plcmts in which estimated 
• Imlicatcf ratio between the minimum and maximum amount (1: X). 
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3 

3 
2 

2 
3 
2 

4 

4 
4 

3.76 

3.76 
3.40 

19.72 
17.77 

1.05 

46.95 

24.85 
21.36 0 

0 



T.\DLE II- Comparative Account of Amino-Acid Constituent:, in Protein:: of Different 
Species of Gracilaria from .... outhctd Coa'lt of India 

( C'ulc·ulatcd as amount in !!ram~ per 16 ~. of prl tcin ?\ ) 

Compound Gracila.ria Gracila.ria Gra.cilaria. G racilaria. 

0 compressa. con fervoides lichenoides corticata. --
a:-Alanine 3.20 3.43 5, 61 2.i0 
,8-.Ala.nioe 0.56 1.27 
y-Aminobutyrio acid 0.57 0.51 0.64 0.95 

Arginine 11.30 15.82 11.47 13.24 

Aspartic acid 7. 16 5.91 7.64 5.06 

Cystine 4.90 5.18 :1.82 7.05 

Glutamic acid 7.72 6.59 7.77 5.44 

Glycine 3.77 2.70 a.57 1.84 

Histidine 8.85 8.01 10.il7 8 51 

Homocystine 1.32 1.52 3. 19 2 !)3 

Hydroxyproline *** ~*"' 
..... ···:: t' !': 

0 L eucine (s) 6.41 7.04 6 24 5.53 

Lysine 2.26 1. 6 2 42 3.12 

Methionine 4.il 3. :1 54 2.37 

Ornithine 0 94 1.01 0.31 3.41 

Phenylalanine 6.22 4.67 7.13 4.35 

Proline 6.97 5 Ol 3.8 2 5.01 

Serine 4.33 3.10 :~.3 1 2 .60 

Threonine 4.33 2.6.3 3.44 2.37 

Tryptophan "'* ** *~' ~· ~ 

Tyrosine 3.58 4.90 3.06 3 .03 

Valine 3.96 3.66 4 20 2.!)8 

Number detected 22 23 23 22 

Number estimated 20 21 21 20 

Amount in grams per 16 g . 
of protein N. 92.50 88.56 95. ] 6 82.49 

Amount in grams per 100 g. 
of dry alga. 4 .91 15.73 7.47 17.44 

Protein X. in grams per 

0 100 g. of dry alga. 0.85 2.84 1.26 3.38 

P er cen t. recovery of 
protein N. 90.51 93.20 94.90 87.89 
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T."-BLE III- Compnralin· Account uf Amino-Acid Ctmstituents in Peptidrs or Different 
Specie~ of n racilaria from Southeast Coast of India 

( Calculated as micrograms per gram dry w-eight of the alga ) 

Compound Graci] aria. Gracilaria. Gracilaria. Gracilaria. 
compressa. confervoides liohenoides cortioata. 0 

a:-Alanine 1.07 1.55 0.47 10.68 
y-Aminobutyric acid 1.74 4.78 1.06 9.50 
Arginine * J!<f,< 16.36 
Aspartic a cid 0.87 * 0 Cystine >!<::< 

Glutamic acid 0.62 0.73 
Histidine ** 7.37 2.75 18.61\ 
Leucine (s) 3.75 4.93 1.69 6.80 
Lysine 3.43 5.66 0.80 *~! 

Methionine 2.21 0.78 3.80 
Phenylalanine * *"' *~' 

Proline 18.57 46.21 12.04 28.80 
Tyrosine ** ** 0.85 *t.' 

Valine 1.37 2.82 1.04 5.47 
Number detected 12 II 15 12 
Number estimated 9 8 12 9 
Amount estimated 32.76 73.32 23.08 100.67 

TAl3LE IV - Comparativ:e Account of Free Amino-Acid Contents in Different Species of 
Gracilaria from Southeast Coast of India 0 

( Calculated as micrograms per gram dry weight of the alga ) 

Compound Gracilaria Gracilaria Gracilaria Gracilaria 
compressa confervoides lichenoides corticata. 

a:-A lanine 6.62 20.70 2.06 28.94 
/3-Alanine ** * 
y-Aminobutyric acid 1.22 * 
2-Aminocaprylic acid ** 
Arginine * 605.02 
Aspartic acid 7.66 12.92 ** 28.80 
Cystine ** ** ** ** 
Glutamic acid 4.98 8 78 34.16 
Glycine 8.32 28.26 
Glycocyamine **• 
Histidine ** 3.81 ** 
Hydroxyproline ** 
Leucine (s) 1.41 27.80 ** ** 
Lysine 3.65 8.21 ** 64.86 
Methionine 2.76 2.9 1 
Ornithine 2.94 · 
Phenylalanine 7.64 ** "'* 
Proline *** *** *"'* *ols* 

Serine 30 29 168.08 3.58 75.02 
Threonine 28.97 
Tryptophan *"' ** ** ** ,. 
Tyrosine 6.04 ** ** *"" 
Valine 1.80 19.88 0.80 8.58 0 Numl;ler detected 19 17 17 Hi 
Number estimated 13 11 5 8 
Amount estimated 84.11 329.41 39.54. 845.38 



Thus it can be said that although qualitative make-up of the protein constituents 
is similar to all the. :::pecics of Gracilaria, these compounds not only ,·ary iu amount but 
also their magnitude of variation differ among these algae. The peptide hydrolysatea 
a nd free amino-acid::, both vary in quality and quantity. All but some amino-acid con­
stituent~ of the proteins occur in peptides, while in the free state all arc found either 
consistently or occasionally except homocystine. ).IoreO\·er, some additional compounds 
a lso occur in the free state. As regards amount, proteins are ruof>t concentrated in all 
the species of Gracilaril\ while pcptides were in least quantity. 

Although the variations arc quite striking in the free amino-acids as well a in the 
amino-acids constituents of proteins and pcptides, their exact taxonomical ~ignificance can 
be evaluated only after assessing the variations in the;:;e com,tituents in various species 
during different stages of their growth, as well as under dh·erse ecological conditions. 

Since the protein contents of some of the species in this genus arc considerable, 
while those of t he others are less, for the nu tritional enlluation of any algal genus it. is 
better to s~udy the protein contents of r epresenlatiYo species of the genus rather than to 
rst.r ict the inYc:stigation to a few species only. 
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