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ABSTRACT Terrestrial isopods excrete waste nitrogen by intermittent volatilization of ammo- 
nia and must therefore accumulate amino groups in a non-toxic form between excretory bouts. High- 
performance liquid chromatography (HPLC) was used to analyze concentrations of 23 amino acids 
in the oniscidean Porcellio scaber following a 7-day exposure to elevated P N H ~  ("ammonia stressing"?. 
Analyses were performed on four separate tissues: hindgut, hepatopancreas, pleopodal endopods, 
and the body wall. Concentrations of all free amino acids except histidine and cysteine increased in 
ammonia-stressed animals. The greatest whole-animal concentrations (3040 pmo1.g fw-l? were seen 
in glutamine and glycine, which also showed the largest increases (fourfold). Most glutamine and 
glycine is accumulated in the body wall and hepatopancreas with concentrations in the hepatopan- 
creas reaching 400-500 pmo1.g fw-l. Ammonia-stressed animals showed smaller but substantial 
accumulations of alanine, arginine, proline, and glutamate. Arginine, by virtue of its 3N R-group, 
constitutes the major nitrogen-storage compound, together with glutamine. Calculations based on 
these and our previous data indicate that the amino acids constitute the primary form in which 
nitrogen is accumulated under ammonia-stressing conditions. @ 1996 Wiley-Liss, Inc. 

One of the byproducts of protein catabolism is 
ammonia, which is usually toxic at concentrations 
exceeding 1 mmol 1-I. As a general rule, aquatic 
animals excrete ammonia directly, flushing it con- 
tinuously in a copious dilute urine or across a 
large branchial surface area. Terrestrial animals 
need to  conserve water and convert ammonia into 
less toxic forms such as urea or uric acid (Need- 
ham, '38; Hartenstein, '70). The low toxicity of 
urea allows for the intermittent release of nitrog- 
enous waste at high concentrations. Purines, such 
as uric acid and guanine, have very low solubili- 
ties and are generally eliminated in semisolid 
form with minimal accompanying water loss. 

Exceptions to  the pattern noted above are seen 
in several species of terrestrial crustacean which 
retain ammonotely. An example is the ghost crab 
Ocypode quadrata, which excretes high concen- 
trations of ammonia in an acidic primary urine 
released from the antenna1 glands (DeVries and 
Wolcott, '93). This urine passes into the branchial 
chamber where protons are buffered by bicarbon- 
ate. The resultant increase in pH elevates the 
0 1996 WILEY-LISS, INC. 

PNH3, resulting in the volatilization of ammonia 
from the branchial chamber. Unlike Ocypode, 
geograpsid and gecarcinid crabs produce little am- 
monia in the primary urine, but significant con- 
centrations are excreted across the branchial 
epithelium during subsequent urine "reprocessing" 
in  the branchial chamber (Greenaway and 
Nakamura, '91; Varley and Greenaway, '94). Re- 
processing involves resorption of Na' and C1- 
and, in Geograpsus grayi, alkalinization. As in 
Ocypode, alkalinization serves to  elevate the PNHB 
and most ammonia is volatilized. 

Terrestrial isopods (Isopoda, Oniscidea) also 
eliminate gaseous ammonia (Dresel and Moyle, 
'50; Hartenstein, '68; Wieser et al., '69; Wieser and 
Schweizer, '72). Recent studies with Porcellio 
scaber have shown that ammonia is released from 
the pleon, and that volatilization of NH3 is coupled 
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to absorption of atmospheric water vapor (Wright 
and O’Donnell, ’93). Ammonia release is confined 
to  periods when ambient humidity is high, typi- 
cally 90% RH or more, and animals lower the wa- 
ter vapor pressure of pleon fluids by producing 
high osmolalities (58 Osm kg-’) through secre- 
tion of NaC1. The colligative vapor pressure low- 
ering drives condensation of atmospheric water 
(Wright and Machin, ’93; Wright and O’Donnell, 
%), so that ammonia loss is actually coupled 
to net water gain. 

In both Geogrupsus and the terrestrial isopods, 
periods of ammonia volatilization are interspersed 
with prolonged periods when total ammonia 
(NH4+/NH3) levels in branchial fluid and haemoly- 
mph are below 2 mM (Greenaway and Nakamura, 
’91; Wright and O’Donnell, ’93). In Geogrupsus, 
bursts of ammonia production typically last 24- 
48 h, whereas excretory bouts of 1-2 h are char- 
acteristic for Porcellio. These findings suggest 
that amino groups may be sequestered in a non- 
toxic form between periods of ammonia produc- 
tion. In vertebrate skeletal and cardiac muscle, 
excess NH4+ is coupled with glutamate via 
glutamine synthetase to  form glutamine (Camp- 
bell, ’91). Much of this glutamine is subsequently 
taken up by the kidney where it serves as a source 
of ammonia for acid-base balance. Glutamine 
is deaminated directly by glutaminase. Other 
amino acids with N-containing side-chains may 
play a similar role in amino sequestration, al- 
though little information is available for non- 
mammalian groups. 

In a previous study, it was shown that both 
glutamine and glutamate are accumulated in re- 
sponse to  ammonia stressing (‘‘ammonia loading”) 
in Porcellio (Wright et al., ’94). Concentrations of 
these amino acids increase when animals are ex- 
perimentally stressed with ammonia by exposure 
to  high ambient PNH3 (“ammonia loading”). Am- 
monia volatilization increases in the period fol- 
lowing ammonia stressing, and concentrations of 
Gln and Glu return to control levels, consistent 
with deamination. Significant glutaminase activ- 
ity in the body wall of P. scuber has been reported 
in a previous study (Wieser and Schweizer, ’72). 
Taken together, glutamine and glutamate accu- 
mulations can account for approximately 35% of 
the measured increase in subsequent ammonia 
excretion. 

This study reports levels of the 2 1  common 
amino acids in whole animals and specific tissues 
of Porcellio scaber following experimental ammo- 
nia stressing by exposure to high Pm3. During nor- 

mal excretion of gaseous ammonia, isopods will 
produce total ammonia concentrations up to ca. 
100 mM in the pleon fluid, equivalent to 2.2 mM 
NH3 for a typical pleon fluid pH of 7.6 (Wright 
and O’Donnell, ’93). This represents a PNH3 of 7.3 
Pa. Exposing animals to a much greater ambient 
PNH3 will thus preclude ammonia volatilization 
and result in net inward diffusion of ammonia 
down the Pm3 gradient (“ammonia loading”). Re- 
sults presented here show that not only glutamine 
and glutamate, but also glycine, alanine, and argi- 
nine, may contribute significantly to ammonia se- 
questration, the body wall and hepatopancreas 
constituting the primary sites of amino acid ac- 
cumulation. 

MATERIALS AND METHODS 

Ammonia-stressing 

Porcellio scaber Latr. were collected in decidu- 
ous litter from the university campus at Mc- 
Master University and maintained in a laboratory 
culture with regularly supplemented leaf litter 
and rabbit chow. For this study, incorporation of 
excess nitrogen into amino acids was studied in 
animals which had been ammonia stressed in an 
ambient Pm3 of 95 Pa. This PNH3 is close to the 
LDS0 for a l-week exposure; mortality data and 
details of the “ammonia-loading” procedure are 
given in Wright and O’Donnell (’93). Prior to am- 
monia stressing, animals were weighed, sexed, 
and transferred in pairs to 10-ml glass vials; mar- 
supial (brooding) females were excluded from the 
study. Vials were then placed for 1 week in sealed 
ammonia chambers which consisted of 200-ml 
glass jars containing 20 ml of 260 mmol 1-l 
(NH4)2S04(aq). This solution was buffered with 10 
mmol 1-1 HEPES and adjusted to  pH 8.0 with 
NaOH. The corresponding PNH3 of 95 Pa was calcu- 
lated assuming complete dissociation of (NH,),S04, 
and knowing the pK, for ammonium (9.25; Leh- 
ninger and Nelson, ’93) and the solubility coeffi- 
cient for NH3 (0.303 mmol 1-1 Pa-’; Braker and 
Mossman, ’71). previous studies have shown that 
ammonia chambers equilibrated to  > 95% of the 
calculated PNH3 within 10 h (Wright et al., ’94). 
Aqueous (NH4),S04 in the ammonia chambers also 
served as a humidifying solution to maintain ca. 
99% RH. All experiments were conducted at labo- 
ratory temperature (25°C). Control animals were 
isolated in similar chambers, containing 20 ml of 
distilled water for humidification, over the same 
l-week period. The high pK, of ammonium would 
result in most of the gaseous NH3 dissolving in 
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this water as NH,’; normal ammonia production 
by control animals would not, therefore, lead to  
appreciable increases in ambient PNH3. 

At the end of the ammonia-stressing period, 
haemolymph ammonia levels were determined for 
individual animals. Haemolymph samples were 
collected by piercing the arthrodial membrane a t  
the base of a leg with a glass micropipette. All 
samples were recovered within 5 min of remov- 
ing the animal from the ammonia chamber. 
Sample volumes were determined by transferring 
each sample to a 400-nl microcapillary (Drum- 
mond Scientific Co.) and measuring the length of 
the fluid column under a binocular microscope fit- 
ted with a calibrated eyepiece graticule. Total am- 
monia (NH,’ + NH3) of each sample was then 
determined using Sigma procedure 170-UV (Sig- 
ma, St. Louis, MO); details are given in Wright 
and O’Donnell (’92). 

Preliminary tissue preparation 
Following haemolymph sampling, isopods were 

restrained in Sylgard dishes using bent pins and 
immersed in isotonic saline (350 mmol 1-1 NaC1). 
The head was then grasped with fine forceps and 
pulled gently to yield the gut and the four at- 
tached caeca of the hepatopancreas. In addition, 
the three pairs of pleopodal endopods were dis- 
sected from the ventral pleon. The four tissue 
samples - hindgut, hepatopancreas, endopods, 
and remaining somatic tissues (“body wall”) - 
were then blotted dry and weighed to  the near- 
est 10 pg. Dissections were completed within 2 
min. Each weighed sample was transferred to  1 
ml acetone (Analar; on ice), and the body walls 
cut up finely using iridectomy scissors. Tissues 
were subsequently disrupted by sonicating at 20 
kHz for four l-min periods in an XL 2020 Sonica- 
tor/Cell Disruptor (Heat Systems Ultrasonics Inc., 
NY). Following sonication, samples were centri- 
fuged for 10 min at 3,OOOg. Supernatants were then 
separated from the pellets and stored at -10°C un- 
til processed for amino acid analysis. 

Protein determination 
Total protein content of the separate tissue frac- 

tions provide a reference against which free amino 
acid levels can be expressed. Proteins were as- 
sayed using the Sigma 610 microdetermination 
method, based on Bradford (’76). 

Total protein contents, and the consequent pro- 
teidwet mass and proteiddry mass ratios, were 
determined for individual tissues of control ani- 
mals (n = 11). These were dissected as above, and 

tissue fractions were weighed to the nearest 10 
pg. The “body wall” was ground in a glass mortar 
and pestle (on ice) with 100 p1 of 0.1 mol I-’ Bis- 
Tris buffer adjusted to  pH 7.0, before ultra- 
sonicating for 2 bouts of 2 min; remaining tissue 
fractions were sonicated directly. All samples were 
then centrifuged for 10 min at 12,OOOg. Individual 
assays were performed in disposable, semi-micro 
cuvettes and comprised the following reagents: 
833 pl assay solution, and 17 p1 of either super- 
natant (test), 0.85% NaCl solution (Blank), or 30 
mg dl-’ standard solution (human albumin). Hind- 
gut, hepatopancreas, and “body wall” samples 
were diluted two-, four- or 16-fold, respectively, 
with 0.85% NaC1. Endopod samples were not di- 
luted. Absorbances were read against the saline 
blank at  595 nm. 

Chromatographic analysis of amino 
acid levels (HPLC) 

Amino acids were analyzed by reverse-phase 
high-performance liquid chromatography (HPLC). 
Sample preparation and amino acid analysis from 
the tissue samples followed the Waters Pico-Tag 
method, which is sensitive down to  picomolar lev- 
els (Cohen and Strydom, ’88). This involves 
derivatizing amino groups with phenylisothio- 
cyanate (PITC) to form phenylthiocarbamyl amino 
acid derivatives, detectable a t  254 nm. Prior to 
derivatization, 90-pl samples (supernatant) were 
spiked with an internal standard consisting of 10 
pl of 0.5 mmol 1-l (0.5 nmole) of a-amino butyric 
acid and hydroxyproline (aaba; Hpro) in 0.1 N 
HC1. Derivatization was allowed to  proceed for 
20 min at room temperature, and samples were 
subsequently dried for 1 h under Nz. Dried 
samples were then redissolved in 150 p1 sample 
diluent consisting of 5 mmol I-’ Na2HPO4 and ac- 
etonitrile in Milli-Q water, adjusted to  pH 7.4 with 
10% phosphoric acid. Filtered samples of 20 pl 
were then injected into the HPLC by the auto- 
sampler. 

Chromatographic analysis used a Beckman 
Gold HPLC with programmable pump module 
126, UV detector module 166, and Beckman 
autosampler 506. Separation was achieved by 
gradient flow of two eluents through a CSC- 
Sil 80A 5-pm column at 40°C. Areas under the 
amino acid absorbance peaks were integrated 
and recorded with a Hewlett-Packard 3994 inte- 
gratorlchart recorder. Amino acids were identi- 
fied from their column retention times compared 
to a composite containing known amounts of 
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Fig. 2. Hepatopancreas. 

Figs. 1-4. Mean concentrations of amino acids (pmol-g 
fW1) for the four study tissues in control {black bars and 
ammonia-stressed animals (open bars). Vertical lines indicate 

1 SEM. The 23 amino acids analyzed are given standard ab- 
breviations. All are a-amino acids with the exception of 
p-alanine (Bala). Hydroxyproline (Hpr) and a-amino butyric acid 
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(aaba) were used as internal standards but are not char- 
acteristic components of animal tissues. Asterisks show 
significance levels for differences between the mean con- 

centrations in ammonia-stressed and control groups (two- 
sample t-test): *, < .05, **, < .01, ***, < .001. 
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the 20 common a-amino acids, p-alanine, and 
the two internal standards. 

RESULTS 
Haemolymph total ammonia (NH4+ + NH,) af- 

ter the 7-day ammonia-stressing period showed 
little or no increase compared to  controls, with 
mean values of 2.14 2 0.46 and 1.96 & 0.28 mmol 
l-l, respectively. These values agree closely with 
those reported previously (Wright et al., ’94). Pas- 
sive equilibration with the ambient Pm3 would re- 
sult in haemolymph total ammonia concentrations 
in excess of 1,200 mmol 1-l. The surprisingly low 
haemolymph ammonia levels may indicate very low 
cutaneous permeability to  NH3, although ammo- 
nia uptake kinetics have not been studied. How- 
ever, since ammonia-stressed isopods show greatly 
elevated ammonia excretion rates when transferred 
to  ammonia-free chambers (Wright et al., ’941, 
stressing apparently results in substantial ammo- 
nia uptake. Persistent low haemolymph levels 
therefore suggest that animals are capable of effi- 
cient sequestration of accumulated ammonia. 

Figures 1-4 show amino acid concentrations 
(pmo1.g fW) in the four experimental tissues for 
ammonia-stressed and controls animals (n = 4-6 

for all tissues). No significant differences were 
noted between the sexes, and the pooled data are 
presented. Differences between mean amino acid 
concentrations for the ammonia-stressed and con- 
trol groups were tested with two-sample t-tests, 
and significance levels are indicated on the re- 
spective figures. The histograms show dramatic 
increases in amino acid levels following ammo- 
nia-stress and very high concentrations of gluta- 
mine and glycine in the hepatopancreas. Although 
these two amino acids also show the greatest ac- 
cumulations in the hindgut and “body wall,” their 
concentrations are some six- to  40-fold higher in 
the hepatopancreas. Other amino acids present 
in substantial concentrations, and showing sig- 
nificant increases in certain tissues, are gluta- 
mate, alanine, arginine and proline. The pleopodal 
endopods have similar amino acid concentrations 
to  the hindgut, intermediate between levels re- 
corded for the hepatopancreas and body wall. 
However, compared to  these other tissues, the 
endopods also have high concentrations of aspar- 
tate, asparagine, alanine and phenylalanine. 

Whole-animal amino acid concentrations, deter- 
mined by pooling data for the separate tissues, 
are shown in Figure 5. The predominant increases 

40 
*. 

Ct 

Amino Acids 

Fig. 5. Whole-animal amino acid concentrations (pmo1.g 
fw-‘) for control and ammonia-loaded animals (cross-hatched 
and solid bars, respectively). Values represent cumulative means 

for the experimental animals as determined from the pooled 
concentrations and masses of the component tissues. Signifi- 
cance levels (&-test): *, < .05, **, < .01, ***, < .001. 
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Hepatopancreas Hindgut Endopods Body Wall 
Tissue 

Fig. 6. Distribution of amino acids among the study tissues 
for control and ammonia-loaded animals (cross-hatched and 
solid bars, respectively). The bars represent means of the total 
amounts of amino acids (in nanomoles) per tissue; vertical lines 
indicate 1 SEM. The body wall and hepatopancreas together 
account for over 80% of amino acid accumulation. 

are seen in Gly and Gln (3040 pmo1.g fw-' in am- 
monia-loaded animals) with progressively smaller 
increases seen in Pro, Arg, Ma, and Glu. These 
amino acids also show the greatest proportional 
changes in concentration compared to control ani- 
mals, increasing four- to sixfold rather than zero 
to threefold as seen in the other amino acids. 

The relative significance of the separate tissues 
in total amino acid accumulation is summarized 
in Figure 6, which shows the total amino acid con- 
tent of the tissues (in nmoles) for control and am- 
monia-stressed animals. Approximately 95% of 
total amino acids is located in the hepatopancreas 
and body wall, these tissues accounting for ap- 
proximately 40% and 47% of amino acid storage, 
respectively. Despite the much higher (ca. 30-fold) 
amino acid concentrations in the hepatopancreas, 
the body wall assumes a similar significance in net 
amino acid storage by virtue of its superior mass. 
Whether amino acids are accumulated non-specifi- 

cally throughout the body wall or are concentrated 
in specific tissues (e.g., muscle, epidermis) remains 
to be determined. 

Protein determinations for the individual tis- 
sues (mg pr0tein.g h-', 2 SEM) are shown in Table 
1 (n = ll), which also lists total amino acid concen- 
trations for the ammonia-loaded and control tissues, 
expressed as pmo1.g protein-' f SEM. Total amino 
acid concentrations expressed per g total protein, 
rather than per g fresh weight, show relatively 
small variation in control animals, from 250 pno1.g 
protein-' in the "body wall" to 422 pmo1.g protein-' 
in the hepatopancreas. In ammonia-stressed ani- 
mals, the predominant increases in amino acid con- 
centrations are seen in the hepatopancreas, as seen 
when data are expressed as pmo1.g fw-'. Again, it 
is clear that the hepatopancreas assumes a special- 
ized role in amino acid accumulation and/or syn- 
thesis, In addition to the nitrogen of the amino 
group, certain amino acids possess R-chains incor- 
porating additional nitrogen and thereby assume 
added significance as compounds for potential ni- 
trogen sequestration. These constitute glutamine, 
asparagine, lysine and tryptophan (2 N), histidine 
(3 N), and arginine (4 N). Taking these differences 
in nitrogen content into account, the total nitrogen 
accumulation attributable to each amino acid can 
be determined. These data are shown in Figure 
7, plotted as the percentage contribution of each 
amino acid to total nitrogen accumulation. Gluta- 
mine and arginine are the predominant nitrogen 
reserves, accounting for ca. 34% and 26% of total 
nitrogen accumulation, respectively. The other ni- 
trogen-rich amino acids apparently play little or 
no role in nitrogen accumulation, although tryp- 
tophan and lysine may be of minor significance. 

DISCUSSION 
The key results of this study are fourfold: 1) 

Porcellio scaber shows a generic increase in tis- 
sue amino acid concentrations in response to  am- 
monia stress (Figs. 1-5); 2) glutamine, glycine, 
and arginine together account for ca. 80% of net 
nitrogen accumulation under these conditions, 

TABLE 1. Total protein concentrations for the study tissues (mggfiu-') and the 
total amino acid concentrations exwressed as urn01 .e arotein-' 

Total amino acids (umo1.P-l nroteinl 
Total protein (mgg fW1) Ammonia-loaded Control 

Hepatopancreas 
Hindgut 
Endopods 
Body wall 

388 5 35 
215 f 31 
302 f 80 
133 f 8 

3,060 2 62 
1,170 2 15 
1,140 2 11 

445 2 6 

422 6 
320 f 4 
253 f 2 
250 f 3 
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Fig. 7. Contributions of the individual amino acids to  net nitrogen accumulation. The 
percentage contribution of each amino acid to total amino acid nitrogen accumulation was 
determined from the increase in concentration of that amino acid following ammonia stress 
and its nitrogen content. With the exceptions of histidine and cysteine, amino acids contrib- 
ute variably to nitrogen storage, with glutamine, arginine, and glycine accounting for ap- 
proximately 80% of measured increases. 

with glutamate, alanine, and proline being accu- 
mulated in smaller, though significant, amounts 
(Fig. 7); 3) the hepatopancreas assumes a special- 
ized role in amino acid synthesis/storage, with 
both glutamine and glycine showing ten- to  12- 
fold increases following ammonia stress, and 
reaching final concentrations of ca. 400 ymo1.g 
fw-' (Fig. 2); 4) together with the somatic tissue 
(''body wall"), the hepatopancreas constitutes the 
primary site of amino acid accumulation (Fig. 6; 
Table 1). 

The measured increases in whole-animal gluta- 
mine show close agreement with our previous de- 
terminations for the same ammonia-stressing 
conditions (increasing from mean concentrations 
of ca. 7.5 ymo1.g fw-I in control animals to  ca. 32 
pmo1.g fW1 in each case). Glutamate concentra- 
tions measured by HPLC are approximately half 
those measured by enzymatic assays in our pre- 
vious study (Wright et al., '94). Reasons for this 
discrepancy are unclear although it may be at- 
tributable in part to elevation of Glu levels in the 
present study as a result of Gln breakdown. 

Glutamine is well known to be unstable (Irving et 
al., '76), and breakdown of even a small fraction 
could lead to substantial elevation of Glu levels by 
virtue of the very high Gln levels accumulated. 

Glutamine and glutamate account for ap- 
proximately 37% of nitrogen accumulated in 
amino acids following ammonia stressing (see 
Fig. 7). In our previous study (Wright et al., 
'94), measured increases in Gln and Glu follow- 
ing ammonia stressing accounted for approxi- 
mately 35% of total nitrogen accumulation, 
determined by comparing the increases in Gln 
and Glu levels with the subsequent increases 
in ammonia volatilization. Since Gln and Glu 
account for a similar proportion of both total 
nitrogen accumulation and nitrogen accumu- 
lated in  amino acids, these findings indicate 
that synthesis of amino acids is the predomi- 
nant mechanism by which excess ammonia is 
detoxified. Confirmation of actual ammonia se- 
questration as amino acids requires tracer stud- 

following the stressing period. 
ies using 15 NH3 to  track the fate of nitrogen 
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Of the six amino acids accumulated to  signifi- 
cant concentrations following ammonia stress, 
only glutamine and arginine possess nitrogen-con- 
taining side-chains and would be generally con- 
sidered as nitrogen-storage compounds. Although 
these account for the predominant fraction of ni- 
trogen accumulated following ammonia stress, the 
remaining 40% of accumulated nitrogen is appar- 
ently incorporated into amino acids with a single 
nitrogen. The direct deamination of glutamine by 
glutaminase could subsequently yield rapid pro- 
duction of ammonia when ambient conditions fa- 
vor volatilization. In vertebrate tissues, the other 
amino acids are generally transaminated by low- 
specificity transaminases, the amino group com- 
bining with a-keto glutarate to produce glutamate 
and an a-keto acid. These pathways are coupled 
to  the glutamate dehydrogenase (GDH) pathway, 
which yields ammonia by glutamate deamination; 
in the majority of animal groups, GDH is intra- 
mitochondrial. 

In several invertebrate groups, amino acids may 
be deaminated directly by L-amino acid oxidases, 
flavoproteins which are apparently localized in 
peroxisomes (Bishop et al., '83; Burcham et al., 
'80). These have very broad specificity and catabo- 
lize amino acids to yield HzOz (Campbell, '91). Sig- 
nificant L-amino acid oxidase activities have been 
demonstrated in the oniscidean Oniscus asellus 
(Hartenstein, '68), although, so far as  we are 
aware, they have not been searched for in other 
isopods. Their presence in l? scaber would facili- 
tate rapid ammonia liberation following bouts of 
nitrogen sequestration. 

The accumulation of arginine in response to 
ammonia stress is peculiar on several accounts. 
Arginine is an essential amino acid in many ani- 
mal groups, and a complete urea cycle remains 
t o  be demonstrated in  any crustacean. The 
large increases measured in this study clearly 
suggest, however, that F! scaber possesses the 
capacity for de novo synthesis of arginine. 
Deamination of arginine by arginase produces 
urea, and this pathway may account for the low 
levels of urea reported in the faeces of F! scaber 
(Hartenstein, '68). However, whether the ca- 
tabolism of arginine results in independent ex- 
cretion of urea and ammonia via arginase or  
whether it is oxidized completely by L-amino 
acid oxidases (to produce four molecules of NH,) 
remains undetermined. The la t ter  pathway 
would allow rapid ammonia liberation as well 
as allowing isopods t o  exploit a highly efficient 
nitrogen-storage compound. 
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