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ON THE AMINO ACIDS OF SPONGES1
•

2 

BY 
LOIS WILEY INSKIP3 AND HAROLD G. CASSIDY 

Sterling Chemistry LaJJ<rralmy, Yale University 

ABSTRACT 
The distribution of amino acids in 14 sponges was surveyed qualitatively by 

paper chromatography. Dried acetone-extracted sponge material was treated with 
95% alcohol to remove soluble amino acids and peptides. From two sponges this 
material consisted largely of peptides, five of which were hydrolyzed and examined. 
From the present data it appears doubtful that any significant correlation exists 
between the amino acid distribution in sponges and the biological classification of 
these organisms. 

Introduction. For some years in this laboratory, Bergmann (1949) 
has been conducting a comprehensive program including investigations 
of the lipoidal constituents of marine organisms. Among the material 
under investigation is an extensive collection of sponges which de 
Laubenfels (1936) identified and named and which Dr. Bergmann 
has placed at our disposal. We have examined the protein and 
other amino acid-containing materials in 14 of these sponges in a 
qualitative and semiquantitative manner with the following objectives 
in view: (1) to see if the amino acids present fall into any characteristic 
patterns; (2) to determine if any new or unusual amino acids or 
related substances may be present in the sponges (Ackermann and 
Burchardt, 1941; Ackermann, et al., 1924; Low, 1949); (3) to obtain 
data which might guide quantitative investigations. 

An examination of this kind is made practicable through the use 
of the paper chromatographic method (Consden, et al., 1944; Gordon, 
et al., 1943). A preliminary survey of the applicability of the method 
to a number of sponges has been made by Hardy (1951). 

Experimental. The sponge collection as received had been dried 
(usually in the sun) and the lipoidal material had been thoroughly 
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extracted with acetone. The samples retained the skeletal material 
(keratinous, calcareous, or siliceous), the protein and other water
soluble components, as well as various inclusions such as sand grains, 
etc. These la.st were removed to the greatest extent possible and the 
sponge was then finely ground. 

With the water-alcohol azeotrope, in a soxhlet, a known weight 
of air-dried sponge tissue was extracted continuously for several 
days until no further amino acid was being extracted (by the nin
hydrin test). The extract was concentrated and made to 50 ml. 
Aliquots were taken for nitrogen determination. The remaining 
extract was then evaporated to a small volume and fractions were 
chromatographed. In two cases it was necessary to hydrolyze the 
extracts and chromatograph the hydrolysates because, along with 
free amino acids, the extracts contained peptides. 

The residues from the alcohol extractions were dried in air and 
analyzed for ash, moisture (volatile at 125° in two hours) and nitrogen. 
Acid hydrolysis was carried out in 20% HCl for about 25 hours at 
100° C. The excess acid was largely removed by evaporation and 
the hydrolysate, after being made up to a suitable concentration 
(usually about 16 mg N/ml), was chromatographed. After the acid 
hydrolysate had been applied to paper, the spot, while still wet, was 
exposed to concentrated ammonia to neutralize bound hydrochloric 
acid. Alkaline hydrolysis was achieved in a sealed evacuated tube 
at 100° for about 24 hours with room-temperature-saturated barium 
hydroxide. The barium was removed by passing carbon dioxide 
into the hot solution until no further precipitation occurred. After 
centrifuging off the barium carbonate and washing it with hot water, 
the hydrolysate and washings were brought to a concentration of 
about 16 mg N/ml and chromatographed. 

Chromatography was carried out with strips or sheets of Whatman 
no. 1 paper, usually using with the sheets the phenol-"collidine" 
system, and upward development (Cassidy, 1951). The "map" 
published by Dent (1948) was used to assist recognition of the spots. 
Identification was also aided by calculation of relative R, values 
and by use of known amino acids for comparative purposes. 

In these sponges most of the common amino acids were recognized 
though not all were present in every sponge. By using numbers 
in the Tables, an attempt is made to indicate for a given sponge the 
relative amount of amino acid present as judged from the size of the 
spot and the intensity of the color in the given chromatogram. The 
numbers run from 0 for no apparent spot to 3 for large or intense 
spots. Comparison between sponges would not be legitimate from 
these tables, but paper chromatography is sufficiently developed 
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Figure I. The relative positions of unidentified spots. G = Glycine; A = Alanine; 
V = Valine; L = Leucine. X point of application. 

as a tool for identification so that the known amino acids could be 
identified with almost complete certainty. However, there were 
in the chromatograms a number of zones that could not be identified 
with certainty. The average relative locations of these, together 
with those of reference amino acids, are shown on a composite map in 
Fig. 1. Some of these unidentified materials appear to be present in 
quite large quantities in some of the hydrolysates. 

Data are presented in Tables I to III. Table I adds to our knowl
edge of sponge composition and enables us to calculate the amount 
of "protein" in these materials. The nitrogen values were helpful 
in judging amounts of the extracts to be used in chromatography 
(Cassidy, 1951). 

Every sponge extract contained glycine, alanine, valine, leucine(s), 
taurine and aspartic acid. One or more of the extracts also contained 
iS-alanine, proline, methionine sulfoxide, glutamic acid, threonine, 
phenylalanine, tyrosine, lysine, arginine, ornithine, ethanolamine, 
hydroxyproline. Two sponges, Tedania ignis and Aaptos sp., con
tained peptides. These were examined as described below and the 
results are given in Table II. 

For the purpose of determining whether or not the treatment of the 
sponge collection by sun-drying and acetone extraction produced 
extensive decomposition and loss of amino acid, a fresh specimen of 
Microciona prolifera was obtained through the courtesy of Professor 
Bergmann. This material was preserved by deep freeze and appeared 
to be in excellent condition. One portion was thawed and dried in 
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TABLE I . Gnoss COMPOSITION OF SPONGES, ETHANOlrEXTRACTABLE FRACTIONS, 
AND RESIDUES IN PERCEN T 

Nin air-
Spanoe• dried tissueA 

Dysidea crawshayit# (6 .54) 
! Verongia flstularist 6 . 48 
J Haliclona variabilis 6.72 
4 Haliclona viridi s 5 .80 
5 L issodendoryx isodictyalis 5 .61 

M i crociona prolifera 
6 Sun-dried 5 . 16 
7 Freeze-dried 5 .37 
8 Te<lania lgn.is 3 .50 
9 _.\.x.ioella rosacea 4 . 08 

10 Ax.inella rudis 4 .84 
I I Aaptos sp . 8 .23 
I t. Suberites compacta 2 .27 
1 J Terpios fugax 8 . 11 
14 Cinacbyra cavernosa 4 . 39 
15 Leucetta floridanat 0 . 88 

• All are siliceous, except as noted. 
I Data from Hardy (1951). 
t lieratinous sponge 
t Calcareous sponge 

Solids Extracted 
by Ethanol 

Air-dri ed N in 
tissueA S olids 

14.5 4 . 7 
20. 4 8 . 8 
30. 1 4 . 5 
32. 7 3 . 8 

8.4 5.0 
10.4 5 . 2 
30 3 . 4 
38. 8 2.3 
29.4 3.1 
21.6 7 . 9 
16. 2 1. 7 
32. 2 7 . 4 
21.5 4 . 0 
14. 0 1.6 

Residue (air-dr ied) 

M oisture A sh Nitrogen 
(5 . 2) (41.2) 
7., 1 19.8 7 . 3 
7 . 9 17.3 8. 8 

11. l 29 5 . 2 
9. 7 32. 6 6.1 

9. 6 44.4 5 . 4 
9 .8 46. 6 5.0 
6 . 1 43 3 . 6 
9. 2 33 4 . 3 

12. 5 34 4.7 
10. 6 22 . 3 7 . 7 
4.4 76 2.0 

10. 6 20. l 9 .0 
7 . 8 49 4 . 8 
0 . 9 89 .oli 0 . 8 

/I For determination of the calcareous ash, the sample was digested wi t h 40 % sodium 
hydroxide for 24 hours and filtered; the residue was thoroughly washed with water, dried and 
weighed. By the usual ignition process the ash yield was 45 %. 

A Except sponge No. 7, which was freeze-dried. 

the sun for eight hours at New Haven (probably a longer period of 
exposure than was needed at the collecting grounds); the second 
portion, kept frozen, was freeze-dried. Each portion was extracted 
separately in a soxhlet for 24 hours with acetone to remove lipoidal 
material. These extracts were then evaporated just to dryness and 
extracted with a small quantity of water; in chromatography they 
revealed traces of glycine, alanine, valine and leucine. Since these 
amino acids are present in the sponges in relatively large amounts, 
the loss incurred by acetone extraction in the collection procedure 
is considered to be insignificant. 

The separate residues were treated in the same manner as the other 
sponge samples. The distribution of the known amino acids was 
identical in both sun-dried and freeze-dried fractions. Several 
zones which may have been present (but in some cases obscured) 
in the sun-dried fraction showed up only faintly in the freeze-dried 
fractions: spots 6 and 13 (Table I) in the acid hydrolysate; a methio
nine sulfoxide spot and the "unknowns" 4, 6, 8 and 12 in the alkaline 
hydrolysate. It was concluded that the method of collection intro
duced into the results no artifacts of any significance to this study. 
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TABLE II. ANALYSES OF PEPTIDES FROM SPONGE EXTRACTS 

Amino Acids 
Glycine 
Alanine 
~-Alanine 
Valine 
Leucine 
Serino 
Met!1ioLine sulfoxide 
Aspartic acid 
Glutamic acid 

A 

1 

2 
1 

2 

Peptides 

Aaptos sp. 

B C D 
7 

2 
1 2 
1 7 

7 

(14, 3 

T edania ionis 
E 

3 

1 
2 

A preliminary examination of the peptides in the alcoholic extract of 
Aaptos sp. was made. When the chromatogram from the unhydrolyzed 
extract was sprayed with 0.01 % ninhydrin solution, four spots ap
peared which were not those of known amino acids and which disap
peared from the hydrolyzed extract. These were designated A, B, C, 
and D (see Table II); only these appeared to contain enough material 
for further examination although there were other unknown spots and 
some known amino acids. A peptide E was similarly detected in the 
alcoholic extract of Tedania ignis. These fractions were prepared 
in sufficient amount by running a number of identical chromatograms, 
visualizing the spots with dilute ninhydrin, cutting out the spots 
and eluting according to the technique of Consden, et al. (1947). 
The data are giyen in Table II . 

Table III shows the composition of the sponge residues (the pro
teinaceous tissues) left after alcohol extraction of free amino acids 
and peptides. The residues were subjected to both acid and alkaline 
hydrolysis, as described above. In alkaline hydrolysis the same pat
tern of composition as that in acid hydrolysis usually appeared except 
that there were some differences in relative intensities. For example, 
phenylalanine appeared in the alkaline hydrolysates of all sponges, 
but in the acid hydrolysates it was observed in only two of the sponges 
(Table III). Striking differences between the alkaline and 2.cid 
hydrolysates were noted: the appearance of a-amino-n-butyric acid 
in all alkaline hydrolysates as well as intensified glycine and alanine 
spots with concomitant loss of intensity or complete disappearance 
of the serine and threonine spots. The alkaline destruction of serine 
and threonine has been noted frequently. Also observed was a 
faint monoiodotyrosine spot with the freeze-dried lvlicrociona pro
lifera; a weak histidine spot with Leucetta floridana; and tryptophane 
in sponges 4 to 13 inclusive (see Table I ). A number of the unidenti
fied spots in the acid hydrolysates (Table III ) were not found in the 
alkaline hydrolysates, and vice versa. 
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Discussion. Apart from the presence of the substances in the 
hydr~lysates which I?roduced the unidentified spots, the sponge 
protems seem to contam a more or less normal amino acid distribution. 
That is, there is no overwhelming preponderance of one particular 
amino acid. The normal distribution also holds for the hydrolyzed 
extractives of the two sponges which contained extractable peptides. 
Histidine was found in only one of the sponges. 

Taurine and ethanolamine were found in the ethanol extracts and 
in the two peptide-containing extracts as well. It is not considered 
likely that the taurine arose as a product of oxidation of cysteine, 
because no evidence of the extensive oxidation which would have been 
necessary to produce it appeared in a comparison of the freeze-dried 
with the sun-dried fresh sponge. 

The presence of a-amino-n-butyric acid in alkaline hydrolysates 
of sponge tissue was observed by Hardy (1951). This amino acid 
appears in alkaline hydrolysates simultaneously with the disappearance 
of the threonine spot, and the disappearance of the serine spot in such 
hydrolysates was accompanied by an apparent increase in alanine and 
glycine. These observations agree with the well known degradation 
of hydroxy amino acids by barium hydroxide (Daft and Coghill, 1931). 

The alcohol extracts of the two sponges Aaptos sp. and Tedania 
ignis yielded an atypical pattern of spots in chromatography. Since 
this pattern was reproducible, it suggested that peptides were present. 
Acid hydrolysis of an aliquot of the solution of the extract confirmed 
this conclusion when it yielded an hydrolysate which gave a normal 
pattern of spots on the two-dimensional chromatogram from which 
some of the original spots had disappeared. Isolation and hydrolysis 
of the material in some of these spots (see Table II) confirmed its 
peptide nature. 

Since we did not isolate and identify by rigorous methods the 
substances responsible for the unidentified spots shown in Fig. 1, 
we do not suggest what they might be; we mention them only to 
suggest the possible course of further work. 

In general, differences in amino acid distribution within each order 
of sponges are just as great as are differences between orders. From 
the present data it appears doubtful that any significant correlation 
exists between the amino acid distribution in sponges and the biological 
classification of these organisms. Most of the differences that were 
observed were in the unidentified spots, the common amino acids 
being almost always present. It is possible that elucidation of the 
chemical nature of the unidentified substances will reveal some 
interesting relationships, but it is unlikely that marked phylogenetic 
relations comparable to those reported by Bergmann and Feeney 
(1949) will be found within the amino acid distributions. 
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Alanine 2 3 3 3 2 2 2 2 2 2 2 2 2 2 2 £. 
Valine 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 
L eucine(s) 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 
Proline 2 2 2 2 2 2 2 2 2 2 2 2 2 1 .:i 
If ydroxy proline 0 2 2 2 1 2 1 1 2 1 2 2 0 .... 

"'· Serine 0 2 2 2 2 2 2 1 1 2 2 2 2 0 ;;:! 
Threonine 2 2 0 2 2 1 2 2 1 1 2 1 2 2 1 "' 
Phenylalanine 0 2 0 2 2 2 1 2 1 2 1 2 2 2 

"' Methionine 0 1 0 0 1 0 0 2 1 0 0 0 c,, 

MetWonine sulfoxide 0 0 2 0 0 1 0 0 "' 1 1 1 1 0 .:i 
Aspartic acid 2 2 3 2 2 2 2 2 2 1 2 2 2 2 2 

.... 
(") 

Glutamic acid 2 2 3 2 2 2 2 2 1 2 2 2 2 0 
;:,-

Tyrosine 2 2 2 2 2 2 1 1 1 1 2 1 2 1 0 
Histidine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lysine 0 1 0 2 1 1 2 0 1 1 1 1 1 
Arginine 0 1 0 1 1 0 0 2 1 1 1 1 0 0 
Ornithine 2 2 3 0 1 (?) 2 2 1 0 0 2 2 0 0 
Notes: The following amino acids were a lso present: •isoleucine 2; ti sole ucine 1, cl trulline 1 ; t etha nolamine 1. 

The unidentifi ed amino acids were present as follow s: J In all sponges except 1, 3, 10, 14; Z In 1, 2, 4, 8, 9, 10, 13; 3 In 4, 11, 
12; 4 In 4, 5, 9 through 14; 5 In 10; 6 in 3, 7, 14; 7 In 5, 7, 9, 10, 12; 8 none; 9 In 3, 8; JO, 11, and z:e in none; 13 in 1, 3, 7, 10. It 
was not always possible to distinguish between unidentified spots J and Z. ...... 
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