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II. INTRODUCTION 

The nitrogen metabolism of marine invertebrates is a 

field which has been virtually unexplored in the past. Fur¬ 

ther, there have been only scattered reports in the litera¬ 

ture concerning the free amino acid composition in the tis¬ 

sues of this group of animals. It was felt, therefore, that 

a systematic survey of the free amino acids present in the 

tissues of representatives of the various phyla of marine 

invertebrates was necessary before studies involving meta¬ 

bolic pathways of nitrogenous substances could be commenced. 

It was with this view in mind that the studies presented 

here were carried out. 

Recently, there have been a few reports on the com¬ 

position of non-protein amino acids in the tissues of sev¬ 

eral marine invertebrates. A brief review of these findings 

is given below. 

Crustacea: Camien et al (1951) reported the concen¬ 

tration of fifteen non-protein amino acids in the muscles of 

the marine Crustacea Homarus vulgaris and the eurohylaine 

forms Eriocheir sinensis and Maia squinado. Their findings 
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showed that the muscles of these animals contained high 

concentrations of amino acids, particularly glycine, pro¬ 

line, arginine and alanine. Kermack et al (1955) also re¬ 

ported the levels of certain non-protein nitrogenous com¬ 

pounds in the muscle of the lobster Homarus vulgaris. Both 

investigators reported large amounts of free proline and 

glycine with smaller quantities of glutamine and alanine and 

traces of aspartic acid, glutamic acid, histidine, lysine, 

threonine and tyrosine. Duchateau and Florkin (1954) re¬ 

ported the presence of high levels of alanine, arginine and 

glycine in the muscles of the crab Cancer pagurus. 

Mollusca: Duchateau et al (1952) determined the level 

of free amino acids in the muscles of the marine Pelecypoda 

Mvtilus edulis and Ostrea edulis. These authors reported 

high levels of alanine, arginine, and glycine. Proline was 

also abundant but more so in the latter than in the former, 

Duchateau and Florkin (1954) gave values for the amino acids 

in the foot muscle of the Gastropod Buccinum undatum. These 

figures showed that alanine, arginine, glycine and proline 

were the most abundant of the amino acids but were not pres¬ 

ent in the high concentrations found for Crustaceans. It is 
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of interest that these latter authors (1954) found that 

the amino acid composition was much more similar for dif¬ 

ferent species in the case of muscle protein hydrolysate 

than that observed for the free amino acids. 

Echidermata: Giordano et al (1950) reported that 

the coelomic fluid of the Echinoderms Pisaster brevispinus 

(Stimpson) and Stronvlocentrotus purpuratus (Stimpson) were 

quite different in free amino acid composition. The most 

striking difference in the two was the high glycine content 

in the former and the lower levels of this substance in the 

latter. 

Taurine, an amino sulphonic acid, is known to be wide¬ 

ly distributed among marine invertebrates. Haurowitz (1923) 

found this substance in the Coelenterate Khizostoma cuvier. 

Among the Molluscs, Okuda (1919) reported the muscle of the 

squid boligo breekeri contained 0,02 per cent taurine and 

Kelly has been quoted as finding the adductor muscle of My- 

tilus to contain 1,6 per cent taurine {Lewis, 1952), The 

muscle of the octopus octopus octopodia was found, by 

Henze, to contain as much as 0.5 per cent taurine (Hope, 

1956). Ackermann (1935) found taurine to be present in the 
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tissues of the Echinoderms Astereas rubena and Marthasterias 

glacialia. More recently, Kermack et al (1955) reported 

that taurine constituted 10.1 per cent of the total alpha 

amino nitrogen in the muscle of the lobster Homarus vulga¬ 

ris. and Lewis (1952) found this substance to be present in 

the nerves of several species of Crustacea. 

This investigation was designed to extend the inform¬ 

ation concerning the free amino acids and related nitro¬ 

genous substances present in the tissues of marine inverte¬ 

brates. A comparative approach was taken in order to de¬ 

termine if major differences existed between different 

groups of animals. As stated previously, it was felt that 

this type of study would be most beneficial as a prelude to 

future studies involving the nitrogen metabolism of marine 

invertebrates. 
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IZZ, MATERIALS AMD METHODS 

A, Experimental Animals 

The invertebrates utilized in this investigation in¬ 

clude representatives o£ four phyla: the Coelenterata, the 

Mollusca, the Arthropoda, and the Echinodermata. Each ani¬ 

mal was taken from its environment and rapidly frozen. The 

specimens were maintained in this state not more than a one- 

month period. Specimens were collected from the following 

locations along the Gulf coast of Texas: San Luis Pass, Gal¬ 

veston Island, Aransas Bay near Rockport and the jetties and 

other points near the shore at Port Aransas, All species 

used in the study are marine? however, the exact habitat of 

the different species varies, The animals used in the study 

are listed below according to phylum and class, A brief de¬ 

scription of the site of capture is given for each of the 

species, 

Coelenterata 

Anthozoa 

Bunodosoma cavernata Bose was collected from the 

jetties at Port Aransas. Water in this region is near full- 

salinity. 
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Mollusca 

Cephalopoda 

Lolictuncula brevis Blainville was captured in 

Aransas Bay near Rodeport in water from one to fifteen feet 

in depth. 

Gastropoda 

Oliva savana Ravenel was collected from a slightly 

elevated sand bar in Gulf waters at San Luis Pass, Galves¬ 

ton Island, 

Polinices duplicata Say was collected from Aransas 

Bay near Rockport in water from one to fifteen feet deep, 

Busycon perversum Linne was collected from water 

one to fifteen feet deep in Aransas Bay near Rockport. 
* 

Siphonaria lineolata Orbigny was taken from the 

jetties at Port Aransas. These organisms are found living 

above mean low tide which results in their periodic expo¬ 

sure. They were collected during a period of exposure. 

Fasciolaria distans Lamarck. Collected from Aran¬ 

sas Bay near Rockport in water from one to fifteen feet. 

Thais Haemastoma havsae Clench. Collected from 

Aransas Bay near Rockport, 

Pelecypoda 

Lithophaga bisulcata Orbigny was found living in 
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rocks near the shore at Port Aransas. 

Grassostrea virginica Gmelin was collected from a 

shallow pool near San Luis Pass, Galveston Island. 

Area umbonata Lamarck was collected from Aransas 

Bay near Rockport in water from one to fifteen feet deep. 

Volsella demissus granosissimus Sowerby was col¬ 

lected from peaty moss in East Beach Lagoon, Galveston Is¬ 

land* These organisms are subjected to periodic exposure* 

Specimens were collected during a period of exposure. 

Arthropoda 

Crustacea 

Penaeus aztecus Ives was collected from Aransas 

Bay near Rockport. 

Fagurus polllcaris Say was collected from water 

one to fifteen feet in depth in Aransas Bay near Rockport, 

Clibinarius vittatus Bose was collected from the 

shore of San Luis Pass, Galveston Island, These crabs are 

found in marine water but occasionally leave the water for 

short periods. The specimens used in this study were taken 

from the shore. 

Callinectes sapidus Rathbun was collected from 

water near the shore at San Luis Pass, Galveston Island* 
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Echinodermata 

Holothuroidea 

Thvone sp. was collected from water near the shore 

at San Luis Pass, Galveston Island, 

Asteroidea 

Luidia clathrata Say was collected from water near 

the shore at San Luis Pass, Galveston Island, 

B* Extraction Procedure 

The free amino acids and related nitrogenous compounds 

were extracted from whole animals. Immediately after thaw¬ 

ing, the organism was quickly weighed and homogenised in 80 

per cent ethanol (20 ml./gm. tissue). The homogenate was 

transferred to a centrifuge tube which was placed in boiling 

water to complete protein coagulation. After centrifugation, 

the protein precipitate was discarded. The ethanolic solu¬ 

tion was extracted with chloroform and the chloroform phase 

was removed from the aqueous phase which contained the non¬ 

protein nitrogenous substances (Awapara, 1950). 

C. Fractionation of Tissue Extracts 

The tissue extracts were fractionated, by use of ion- 
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exchange resins, into neutral, acidic and basic fractions* 

This fractionation aided paper chromatographic analysis in 

several ways: 1) it reduced the possibility of overlaps in 

position of the amino acids on the chromatogram, 2) cate¬ 

gorizing the nitrogenous extractives info the three groups 

aided in the identification of compounds, and 3) passage 

through the column eliminated the presence of salts which 

interfere with paper chromatography. 

Basic compounds were separated from neutral and acidic 

compounds on hmberlifce IRC 50. In preliminary experiments 

the tissue extracts were fractionated on a column contain¬ 

ing two grams of Amberlite IRC 50 buffered at pH 4*7 with 

0,2 H phosphate buffer* The neutral and acidic compounds 

were washed from the resin with 10 ml, glass distilled water. 

The basic compounds were eluted from the resin with N HC1 

(10 ml.). The first fraction, containing the neutral and 

acidic compounds, was found to be salt free; however, the 

basic fraction contained salts which interfered with chro¬ 

matographic analysis. This salt resulted from the combina¬ 

tion of sodium ions contributed by the buffer and chloride 

ions contributed by the HCl. Therefore a modification of 
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this procedure was adopted for preparation of the basic frac¬ 

tion, The tissue extracts were placed in a beaker containing 

one gram of the Arriberlite resin and shaken for thirty minutes 

to allot? equilibration with the resin. The suspension was 

placed in a small column containing an additional gram of 

the resin. The column of resin was washed with 25 ml, glass 

distilled water which removed the neutral and acidic com¬ 

pounds, The basic compounds were eluted from the resin with 

25 ml, 4ft HAc (Awapara and Davis, unpublished). When this 

method was used the basic fraction, as well as the neutral 

and acidic fraction, was found to be salt free. 

After removal of the basic substances the acidic and 

neutral amino acids were separated on Dowex 50-H4* The first 

fraction from the Amberllte resin, which contained the neu¬ 

tral and acidic compounds, was slowly passed through a 

column containing one gram of the Dowes 50-H*. The acidic 

compounds were obtained by washing the column of resin with 

15 ml. glass distilled water. The neutral compounds were 

eluted from the resin with 15 ml. 4ft ftH^OH. The three frac¬ 

tions were evaporated to dryness on a steam bath and the 

residue was taken up in 1 ml. glass distilled water. 
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D. Chromatography 

Amino acids of the neutral and acidic fraction were 

analysed by two dimensional ascending paper partition chrom¬ 

atography.. Whatman number 3mm filter paper was used, The 

solvent system employed was 72 per cent phenol in the first 

direction and 62.5 per cent lutidine in the second direction. 

Both phenol and lutidine were routinely distilled before be¬ 

ing used as chromatographic solvents. The amino acids were 

revealed by dipping the paper in a solution of 0.5 per cent 

ninhydrin in absolute ethanol (w/v), 

The amino acids and other nitrogenous compounds present 

in the basic fraction were analysed by one dimensional paper 

partition chromatography. The solvent system employed was 

butanol:acetic acidswater (4:1:1 by volume). Three chromat¬ 

ograms were routinely prepared from each of the basic frac¬ 

tions. In an attempt to identify unknown substances each 

chromatogram was dipped in one of three solvents: 1) the 

ninhydrin reagent described above, 2) the sulphanilic acid 

reagent described by Smith (1958), and 3) the alpha napthol 

reagent described by Acher (Block, et al. 1958). 
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E. Estimation of Amino Acids 

Alanine, aspartic acid, glycine, and glutamic acid 

were quantitatively determined by the method of Awapara 

(1950),• After localization on the chromatogram the area 

containing the amino acid was cut from the paper, placed 

in a test tube, and after the addition of 0.2 ml. of 0.1 

M NaOH stored in an evacuated dessicator for three hours 

(Fowden, 1951), Color was developed with the ninhydrin re 

agent of Moore and Stein (1948). The tubes were read at 

570 Mj-t with a Beckman Junior spectrophotometer. 
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IV. EXPERIMENTAL RESULTS 

A. Qualitative Results 

1. Identification of amino acids. 

Several amino acids were identified by their po¬ 

sition on the chromatogram and their ninhydrin color. These 

were alanine, aspartic acid, glutamic acid, glycine, pro- 

line, hydroxyproline, threonine and tyrosine. In addition 

to its ninhydrin color and position on the chromatogram, 

taurine was identified by its presence in the acidic frac¬ 

tion . 

A ninhydrin positive spot corresponding to the po¬ 

sition of glutamine appeared on chromatograms of the neutral 

fraction. To support the identity of this spot as glu¬ 

tamine, aliquots of the extract were subjected to hydrolysis 

with 6N HC1. Aliquots containing the same volume of the hy¬ 

drolysate and corresponding nonhydrolysed extract were chro¬ 

matographed. Chromatograms of the nonhydrolyzed extract 

showed the spot thought to be glutamine. Chromatograms of 

the hydrolysate did not show this spot and, furthermore, 

these same chromatograms showed an increase in the position 

of glutamic acid. 
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Chroma tograms of the neutral fraction showed a 

nihhydrin positive area which was similar in color and oc¬ 

cupied the same position as that Known for asparagine. The 

identification of this spot as asparagine was supported by 

subjecting the material responsible for the spot to acid hy¬ 

drolysis. 0.5 ml. of the extract containing the substance 

in question was applied to Whatman number 3mm filter paper 

by streaking the aliquot along the length of the paper. The 

amino acids present in the extract were separated by one di¬ 

mensional ascending paper chromatography using the phenol 

solvent, A vertical strip was cut from the margin of the 

chromatogram and developed with the ninhydrin solution. Us¬ 

ing the developed strip as a guide, a horizontal strip con¬ 

taining the material under investigation was cut from the 

undeveloped paper* The substances present on the horizontal 

strip were eluted from the paper with 50 per cent ethanol* 

One dimensional chromatograms v/ith 62*5 per cent lutidine as 

the solvent showed the substance under investigation to be 

present in the eluate, The eluate was subjected to acid hy¬ 

drolysis by the procedure previously outlined for the hydrol¬ 

ysis of glutamine. Aliquots of the nonhydrolyzed eluate and 
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corresponding hydrolysate were chromatographed. Chromato¬ 

grams of the nonhydrolyzed eluate showed the spot thought to 

be asparagine, The chromatograms of the hydrolysate showed 

the absence of this spot and the appearance of a spot which 

corresponded to an aspartic acid standard. 

A spot giving the same ninhydrin color arid occu¬ 

pying the same position as that known for beta-alanine was 

detected on chromatograms of the neutral fraction. Chro¬ 

matograms were prepared on paper treated with basic cupric 

carbonate according to the procedure described by Block, et 

al. (1958). The spot appeared on chromatograms of the 

treated paper as well as chromatograms using untreated 

paper* This observation supports the identification of this 

spot as beta-alanine. 

Arginine was identified by the Sakaguchi reaction. 

An aliquot of the basic fraction and an arginine standard 

were chromatographed simultaneously. The chromatogram was 

developed with the alpha-napthol solution described by Acher 

(1952), Arginine was identified as a red spot possessing an 

Rf identical with that of the arginine standard. 
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Pauly's reaction was used in the identification of 

histidine. An aliquot of the basic fraction and a histidine 

standard were simultaneously chromatographed. The paper was 

dipped in the sulfanilic acid reagent described by Smith 

(1958), Histidine was identified as a cherry red spot pos¬ 

sessing an Rf identical with that of the histidine standard, 

2. Qualitative chromatographic results. 

Alanine, arginine, aspartic acid, glycine glutamic 

acid and taurine were present in the tissues of all species 

studied * Table 1 shows the occurrence of other identified 

amino acids in the tissues of the invertebrates investigated. 

The spot identified as glutamine was readily de¬ 

tected on chromatograms of all species studied. 

As seen from Table 1, seven species showed a readi¬ 

ly detectable spot on the position identified as beta-ala¬ 

nine * Chromatograms of the tissues of the cephalopod 

Loliguncula brevis and the four species of Peleeypoda showed 

an intense spot of this substance whereas chromatograms of 

the six species of gastrapods studied did not show the pres¬ 

ence of this substance* Chromatograms of Penaeus aztecus 

and Callinectes sapidus (muscle) showed this substance to be 



(I-Ala, 

Glut 

p-Alanine 

Glutamine 

Pro.     Proline 

OH-Pro  Hydroxyproline 

Thr.    Threonine 

Tyr.   Tyrosine 

Asp.   Asparagine 

His.   Histidine 

+ - Present in readily detectable amounts 

- - Not present in readily detectable 
amounts 
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Amino Acids Identified 
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Organism 0-Ala. Glut. Pro. OH-Pro. Thr. Tvr. ASP. His 

Coelenterata 

Bunodosoraa + - «•» - - - mm 

Mollusca 

Loliquncula + + + + - - mm 

Oliva «■» + - - mm - mm mm 

Polinices - + 4* + mm - - - 

Thais ** + + - + + 4- 

Busycon - + + + + + 

Pasciolaria - + mm - + + + + 

Siphonaria + + + - + + mm 

Lithophaga + + mm mm - - - 

Area + + + - + - mm + 

Volsella + + + mm + + - + 

Crassostrea + + + - + - - - 

Arthropoda 

Penaeus + + + - - 4* 4- + 

Pagurus - + + ~ 4* 4- 4* + 

Clihinarius - + + - + 4- + + 

Callinectes + + 4- mm 4* 
(muscle) 

Echinodermata 

Thyone mm + - mm mm - - 

Luidia + - mm mm - mm 
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present in readily detectable amounts, 

The spot produced by proline was most intense on 

chromatograms of Crustacea tissues and the tissues of the 

squid Lolicruneula brevis. Chromatograms of all four species 

of Crustacea showed an intense proline spot. As indicated 

in Table 1, this substance was detected on chromatograms of 

several other species of Mollusea. The proline spot was 

less intense on chromatograms of these species. Chromato¬ 

grams of the Coelenterate Bunodosoma cavemata and the 

Echinoderms Thyorte and Luidia clathrata showed no trace of 

this substance. 

Hydroxypro!ine, threonine, tyrosine, asparagine 

and histidine were found to be present in the tissues of 

several species. Judging from the intensity of their re¬ 

spective spots, these substances were apparently present in 

small concentrations. 

B. Quantitative Results. 

Six amino acids consistently present were measured. 

These were alanine, arginine, aspartic acid, glycine, glu¬ 

tamic acid and taurine. Alanine, aspartic acid, glycine and 

glutamic acid were estimated by the procedure outlined under 



-20- 

general methods. 

Chromatography showed taurine to he the only ninhydrin 

positive material in the acidic fraction. This allowed the 

direct colorimetric estimation of this compound using the 

ninhydrin reagent of Moore and Stein (1948), 

Arginine, being the only Sakaguchi positive material 

present in the basic fraction, was measured directly by the 

colorimetric procedure of Rosenberg and Morris (1956). 

The quantitative results are assembled in Table 2 and 

shown graphically in Charts I-VX* The values are expressed 

as micromoles amino acid/gram fresh tissue. These figures 

represent a quantitative estimation of the free amino acids 

in the tissues of the whole animal* 

C. Unidentified Compounds of tie Basic Fraction 

Preliminary chromatographic analysis of the basic 

fractions has presented several unidentified substances. 

These substances are listed in Table 3. 

None of these substances were found to be one of the 

three basic amino acids. Arginine and histidine were identi¬ 

fied by the procedures previously described, A lysine stand¬ 

ard chromatographed with the butanol solvent gave an Rf value 



Ala.   Alanine 

Arg.    Arginine 

Asp.    Aspartic Acid 

Gly.     Glycine 

Glu.    Glutamic Acid 

Tau.       Taurine 
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Micromole AE&KO Acid-Gram Fresh Tissue 

Ala. __a*siL, •_ A0P « G3.V • GlU « Tati. 

Coslenteraia - 

Bimodoscs^ 1 . 2 3 i 10 

Molluscs . 

BoXiqimeuX.a 19 i <1 20 .2 55 

Oliva. 2 i ■a 1 2 6 

Politicos 18 3 2 8 2 60 

Thais. 7 3 3 20 1 16 

B»s_yeo&. 4 3 2 3 1 15 

Pasciolaria 2 2 <1 . 5 2 12 

Giphoaaria 6 1 1 2 3 5 

wansaam- 1 1 <1 14 1 11 

Mm 5 2 3 6 3 70 

VplpgXJLm 12 1 1 12 2 10 

iiSrassostr*ea 7 1 1 7 5 6 

Arthropods 

Penaeus 5 7 1 56 2 23 

paemrus 7 4 <1 23 3 36 

Clihioarius; 4 4 1 6 3 2 

Callinaefces 6 7 <1 40 3 12 
traasele) 

Beliiriedermafca 

Thyone <0.1 <1 1 <0*1 14 20 

Luidia 5 <1 3 34 3 11 



Plate No. I 

Estimated concentration of six amino acids 

in the tissues of three Crustacea: Penaeus 

aztecus. Clibinarius vittatus and Pacurus pol 

licaris. 

Plate No. XI. 

Estimated concentration of six amino acids 

in the tissues of the Coelenterate Bunodosoma 

cavernata and the Echinoderms Thvone sp. and 

Siuidia clathrata 
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PENAEUS CLIBINARIUS PAGURUS 

12 - = 

Arginine ^ Glycine 

Aspartic Taurine 

BUNODOSOMA THYONE LUIDIA 



Plate No. Ill 

Estimated concentration o£ six amino acids 

in the tissues of three Gastropodss Thais 

haemastoma. Polinices duplicata and Oliva savana. 

Plate No. IV. 

Estimated concentration of six amino acids 

in the tissues of three Gastropods: Siphonaria 

lineolata. Fasciolaria distans and Busvcon 

perversum 
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Arginine 

Aspartic 
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Plate No. V 

Estimated concentration of six amino acids 

in the tissues of three Pelecypoda: Area 

umbonata. Volsella demissus granosisslmus and 

Grassostrea virginica. 

Plate No. VI. 

Estimated concentration of six amino acids in 

the tissues of the Pelecypoda Lithophaga bisulcata 

and the Cephalopod Loliguncula brevis. 
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Aspartic 

H Glycine 

Glutamic 

: Taurine 

LITHOPHAGA LOLIGUNCUL A 
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Unldentified Spots of the Basic Fraction 

organism Rf Ninhvdrin Ehrlichs 

Penaeus .45 pink . 

(cephalo- .43 blue-pink purple-blue 
thorax) .40 blue - 

.25 - yellow 

.24 blue-purple — 

Penaeus .45 pink 
(abdomen) .43 - yellow 

.40 blue - 

.25 mm yellow 

.24 blue-purple mm 

.18 - - 

Clibinarius .44 pink 
.43 blue-pink purple-blue 
.40 blue - 
.25 - yellow 
.24 blue-purple - 

Pagurus .44 pink mm 

.43 blue purple-blue 

.40 blue-pink - 

.25 - yellow 

.24 blue-purple — 

Callinectes .44 pink mm 

(muscle) .40 blue - 
.25 - yellow 
.24 blue-purple mm 

.18 - - 

Thvone .60 — yellow 
.44 pink mm 

.27 blue mm 

Bunodosoma .53 — purple 
.48 purple blue-green 
.46 red-purple - 
.43 purple - 

Sulfanilic Acid 

red 

yellow 

red 

red 

yellow 

red 
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Unidentified Spots of the Basic Fraction (Coat*a.) 

■23 

Orcianisra Rf lifirihvdrln Ehrlichs Sulfanilic Acid 

Crassostrea .47 brown «» - 

.46 piste mm 

,43 bine mm *• 

*44 mm yellow 

Area .75 purple - mm 

.60 purple - mm 

,47 brown mm mm 

,46 red-purple - mm 

.43 purple - mm 

*44 • yellow mm 

Volsella .32 blue mm - 
*24 blue-purple mm mm 

bithophacra .37 piste - mm 

■Ehais .47 brown - mm 

.46 red-purple - mm 

.45 piste mm mm 

.43 purple - 
,61 - purple mm 

Busvcon •44 red-purple ~ red 
.27 blue-purple - - 
.12 - yellow 

Faseiolaria ,60 mm yellow - 

.45 piste mm - 
,44 red-purple mm mm 

.42 red-purple - 

.27 blue-purple mm 

.12 4M» yellow mm 

Oliva .37 piste • - 
.24 blue-purple — 

Polinices ,37 piste mm - 

.24 blue-purple - mm 

Lolicmneula .37 piste - - 
.24 blue-purple mm mm 
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of *09* This value does not correspond with any value found 

for the substances listed in Table 3. Since none of these 

substances are one of the three basic amino acids, they are 

probably amines of some type. 

In an attempt to further identify these substances 

chromatograms were prepared with three different color re¬ 

agents, The nihhydrin reagent was used to detect substances 

containing an amino group; the Ehrlich reagent was used to 

detect imidazoles and phenolic compounds. The Ehrlich re¬ 

agent is known to react with a wide range of indolic com¬ 

pounds, The Usual color is some shade of purple; substitu¬ 

tion of OH- or OR- at position 5 changes the Ehrlich color 

to blue; substitution at position 6 changes it to blue 

green. This reagent also gives yellow or orange colors with 

aromatic- amines and carbamyl compounds (Smith, 1958), The 

sulfanilic acid reagent is known to give red colors with 

phenolic compounds including 4-, 5- and 6- hydroxyindole 

compounds (Smith, 1958). 

Chromatograms of the tissues of the shrimp Penaeus 

aztecus and the hermit crabs Clibinarlus vittaus and Pacurus 

polliacris showed a spot with an Rf value of ,43, This sub- 
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stance gave positive Ehrlich and sulfanilic acid reactions. 

A color reaction with these two reagents indicated this 

substance to he a hydroxyindole? further the Ehrlich color 

suggested it to he an indole substituted at position 5. 

These observations suggest the possibility of this sub¬ 

stance being 5-hydroxytryptamine. 

Chromatograms of the tissues of Bunodosoma cavemata 

showed two Ehrlich positive substances. One of these, which 

had an Rf value of .53, gave a sulfanilic acid reaction. 

The other had an Rf value of .48 and showed no reaction with 

the sulfanilic acid reagent* The former is probably a phe¬ 

nolic indole. The latter spot gave a blue green color with 

the Ehrlich reagent which, in view of its negative reaction 

with the sulfanilic acid reagent, suggests this substance 

may be an indole substituted with an OR- group at position 

6. 

A substance having an Rf value of *44 and giving a 

sulfanilic acid reaction appeared on chromatograms of the 

tissues of Busvcon perversum. This substance failed to show 

a reaction with the Ehrlich reagent. These observations 

suggest this compound may be a phenolic amine. 



26- 

After development with the Ehrlich reagent, several 

yellow spots were detected on chromatograms o£ the tissues 

o£ various species* As stated previously, this indicated 

these substances are aromatic amines or carbamyl compounds. 

Also several ninhydrin positive areas which gave no reaction 

with the Ehrlich or sul£anilic acid reactions were detected 

on several chromatograms. This type o£ reaction suggests 

these compounds are aliphatic amines, 

This preliminary chromatographic analysis has allowed 

the placing of the unidenti£ied substances into certain 

groups o£ compounds; however, further work will be neces¬ 

sary to establish the identity of these compounds. 
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V. DISCUSSION 

The "pattern" of free amino acids was found to be 

different in each of the species studied. This held true 

for closely related species. 

The content of glycine and taurine was found to be 

markedly different in various forms whereas the content of 

alanine, arginine, aspartic acid and glutamic acid showed 

fewer differences between these same forms. The variation 

in these two substances was not characteristic of any cer¬ 

tain group of animals* In certain instances it was observed 

that the organisms collected during a period of exposure had 

much lower levels of glycine and taurine than those forms 

taken directly from the water; however, this was not true 

in all cases* The tissues of the three Crustacea Penaeus 

aztecus. Pagurus pollicaris and the muscles of Callinectes 

sapldus were found to contain high levels of glycine and 

taurine whereas these substances were present in low levels 

in the tissues of the hermit crab Clibinarius vittatus * A 

similar situation was observed for the Gastropods* Oliva 

savana and Siphonaria lineolata were observed to contain 

lower levels of these substances than those snails collected 
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from water sufficient to insure their immersion. This type 

of difference was not observed in the case of the clam Vol- 

sella demissus. The latter species showed higher levels of 

glycine than those observed for Area umbonata and Crassostrea 

virginica ? furthermore, the taurine content of Volsella de- 

missus was greater than that found for the latter organism. 

The pattern of free amino acid was drastically differ¬ 

ent between the two species of Echinoderms studied, Luidia 

clathrata showed high levels of glycine and considerable 

quantities of alanine whereas the sea cucumber Thvone sp. 

contained these substances only in traces. The latter form 

contained considerably greater quantities of glutamic acid 

than the former* 

One major difference in the amino acid composition 

among representatives of the different phyla was observed. 

This difference was that of arginine concentration. The 

highest concentration of arginine was found in the tissues 

of the Crustacea; the next highest concentration was found 

among the Mollusca, and only traces of this substance was 

found in the tissues of the Echinoderms and the Colenterate 

Bunodosoma cavernata. In general, the Gastropods showed 



29- 

slightly higher levels of this substance than did the Pele- 

cypoda. This finding agrees with that reported by Amol 

and Luck (1932). These authors determined the free argi¬ 

nine in a series of animals and found the highest concen¬ 

tration of this substance among the Crustacea. Next to the 

Crustacea, the highest concentration of this substance was 

found among the Mollusca. The values reported by these 

authors were higher among species of a given class than 

those reported here. This is probably due to the fact that 

the former authors measured arginine in the form of phospho- 

arginine as well as free arginine, whereas the figures re¬ 

ported in this paper represent only free arginine. 

There appeared one qualitative difference in amino 

acid composition between the representative of the various 

classes of Mollusca. Beta-alanine was found to be present 

in the tissues of all Pelecypoda studied and the Cepha¬ 

lopoda Lollauncula Brevipihna whereas this substance was not 

found in any one of the six species of Gastropods. 
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VI, SUMMARY 

1, The distribution of fourteen non-protein amino 

acids among the tissues of eighteen species of marine in¬ 

vertebrates has been determined by paper chromatography. 

This survey included representatives of four phyla. 

2. The concentration of six amino acids, viz., ala¬ 

nine, arginine, aspartic acid, glutamic acid, glycine and 

taurine, has been quantitatively determined for each of the 

species. It was found that the pattern of free amino acids 

was different for each of the species studied. 

3. Arginine was found in highest concentrations among 

the tissues of the Crustacea. Lower levels of this sub¬ 

stance was found in representatives of the Mollusca and 

only traces in the tissues of the Echinodermata and Coel- 

enterata. 

4, Several unidentified basic compounds have been 

listed. The results of preliminary chromatographic analysis 

of these substances have allowed characterizing them as cer¬ 

tain types of compounds. 
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