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ABSTRACT. Postprandial changes of Arg, Leu, Val, Ala, Asp, Glu, Gly, Pro and Tau as well as activities of
three enzymes of the transdeamination system in the midgut mucosa and, for comparison, in the liver of freshwa-
ter and seawater acclimated Oncorhynchus mykiss were studied. In the mucosa a postprandial increase of Arg,
Leu, Val, Ala, Asp, Glu, Gly and Pro occurred. In contrast, only the postprandial Arg level increased strongly
in the liver. Levels of Leu, Val, Ala, Asp, Glu, Gly, Pro and Tau remained stable. Concentrations of Ala, Asp,
Glu and Pro are higher in the liver than the mucosa. Tau is the most important osmotic effector in both organs,
but its concentration is much lower in the liver. Its postprandial concentrations remained stable in both tissues
but were significantly higher in seawater trout. The trend of a stronger postprandial rise of Arg, Leu, Val, Ala,
Asp, Glu, Gly and Pro levels in seawater trout than in freshwater trout was shown. In mucosa tissue aspartate
aminotransferase activities were higher in seawater trout. Ratios of aspartate aminotransferase, alanine amino-
transferase and glutamate dehydrogenase are similar to those of the gills. Copyright © 1996 Elsevier Science Inc.
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INTRODUCTION

Apart from their participation in protein turnover, free
amino acids perform two major functions in carnivorous
teleosts. Firstly, they are central in energy metabolism as
shown by Phillips {29), who observed that in natural trout
food, proteins contribute about 70% to the energy supply.
Secondly, FAA serve as important intracellular osmotic ef-
fectors. The total pool of FAA in the fish is divided into
smaller pools, each having a different composition, specific
to the particular organs (14,44). All are nevertheless linked
via the blood system. FAA arise from the breakdown of nu-
tritional and body proteins as well as by de novo synthesis.
FAA released by digestion of nutritional protein in the in-
testinal lumen enter the blood by trans-epithelial transport.
The principal resorption site of FAA in teleosts is the mid-
intestine (7,20,39). Postprandial FAA concentrations in
the blood (27,33) and in other organs (4,19,41); and re-
cently, in the caeca (4) have been investigated. However,
little is known about the midgut mucosa or its role in impor-
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tant biochemical events such as ammoniogenesis and oxida-
tion of FAA.

FAA were found to be important intracellular osmotic
effectors in rainbow trout and other fish (13,16). This is of
particular importance for anadromous fish like salmonids,
which face large changes in salinity while migrating. As sa-
linity influences conditions in the gut lumen (37) and FAA
transport powering Na*/K* ATPase (6,40) it may well af-
fect postprandial FAA concentrations too.

The aim of this investigation was to examine the behav-
iour of postprandial FAA concentrations in midgut mucosa
tissue and to determine the influence of different salinities
on the AA metabolism of this tissue. To this end, the fol-
lowing were determined from mucosa tissue of both FW and
SW acclimated trout: 1. Postprandial concentrations of
three essential and six non-essential FAA; and 2. Maximum
activities of the key enzyme of AA metabolism, GDH and
two other important enzymes of the transdeamination sys-
tem, AlaAT and AspAT.

As liver tissue is the main site of AA metabolism, it was
included in all experiments for comparative purposes.

MATERIALS AND METHODS
Animals and Experimentation

Rainbow trout, Oncorhynchus mykiss (Walbaum), were ob-
tained from a trout farm of the Versuchsanlage Born,
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TABLE 1. Composition of diet

Crude protein 48.0%
Crude fibre 1.5%
Crude lipid 13.0%
Crude ash 13.5%
Mineral and vitamin mix
Dry weight 91.1%
Ash/dry weight 16.1%
Nitrogen/dry weight 8.6%
Amino acids (umol/g dry weighr)
Essential
Leu 298.4
Lys 247.3
Val 221.2
Arg 199.0
Thr 180.3
Ile 159.2
His 1479
Phe 118.6
Met 92.1
Non-essential
Gly 659.7
Glu/Gln 509.5
Ala 4223
Asp/Asn 371.8
Pro 291.5
Ser 233.7
Tyr 70.6
Cys 19.4
Tau 6.2

Landesforschungsanstalt fiir Landwirtschaft und Fischerei
(Mecklenburg/Vorpommern, Germany). The fish were
slowly acclimated (about 3 weeks) to the specific experi-
mental conditions and were kept under these conditions for
an additional 4 weeks.

In the first experiment (for FAA determination) it was
necessary to keep the animals separately to avoid hierarchy
effects during feeding and to ensure that trout would feed
the whole portion without any delay. The animals were kept
in containers with a closed water circulation at tempera-
tures between 18 and 21°C. Acclimation salinity was either
0 or 32%o and the pH in the freshwater and seawater tanks
was 7.1 and 7.9, respectively. The fish were fed daily on a
ration of artificial pellet food (for composition see Table 1),
equivalent to 1% of the individual body mass. Average mass
was 168 * 33 ¢ (n = 48) measured after the acclimation
period. Pellets were obtained from the Kraftfutterwerk
Beeskow e.G. (Germany). In the first experiment animals
were trained to feed from hand. Fish were starved for 24 hr
prior to experimentation. The times of killing (see Table
2) were chosen after a pilot experiment, which showed that
12 hours after feeding the FAA concentrations remain at
the level attained 6 hours after feeding.

In a second experiment (for enzyme assays) animals were
kept as described above, except that they were fed ad libitum.
Body mass in this experiment was 144 = 26 g (n = 15)
measured after killing.
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The day/night cycle in the two experiments was natural
(March—May/June—August, respectively). Animals were
killed by a sharp blow to the head and tissue samples dis-
sected out immediately. The midgut (see Fig. 1) was taken
out first and cut open longitudinally. The gut content pres-
ent was removed and the tissue rinsed with ice-cold 0.9%
NaCl using a soft paintbrush. Samples were then dried using
a dry paintbrush. The gut “mucosa” was separated from the
gut musculature by means of a scalpel, wrapped in alumin-
ium foil, and immediately frozen in liquid N,. All the tissue
was subsequently stored at —70°C for later analysis. Subse-
quently, the whole liver was rinsed with 0.9% NaCl, dried
with a cotton cloth and frozen (as described above). The
whole procedure was performed on ice and did not take
longer than 3 min for the two tissue samples.

FAA Andlysis by HPLC

Treatment of tissue and analysis of FAA by HPLC was car-
ried out according to Schiedek and Schottler (32) except
that the column was a LiChroCART 125-4 column
(Merck) with a guard column consisting of the same mate-
rial. Mixtures (1 and 2 mM) of the FAA measured (Arg,
Leu, Val, Ala, Asp, Glu, Gly, Pro, Tau) were used as stan-
dards.

Enzyme Assays

Tissue samples were disrupted in ice-cold bi-distilled H,O
by means of an Ultraturrax (Janke and Kunkel) for 30 sec
at maximum speed, followed by sonification for a further
30 sec with an HD 60 (Bandelin). The homogenates were
centrifuged at 20,000 g (4°C) and the supernatants ob-
tained were used for assays (within 1 hour). Enzyme assays
were carried out as follows: GDH (E.C. 1.4.1.2.) in the di-
rection of glutamate formation according to Schmidt (34),
AlaAT (E.C.2.6.1.2.) in the direction of pyruvate forma-
tion according to Herder and Rej (12), AspAT
(E.C.2.6.1.1.) in the direction of oxaloacetate synthesis ac-
cording to Rej and Hgrder (30), with the exception that
pyridoxal phosphate was omitted for AlaAT and AspAT.
Changes in absorbance were detected by means of a DU 64
spectrophotometer (Beckman) at 340 nm after 5 min of pre-
incubation at 25°C. All reactions were initiated by adding
o-ketoglutarate. It was omitted for control.

DNA Determination

Extraction was carried out using the Schmidt-Thannhauser
method modified according to Munro and Fleck (24). DNA
was derivatized with indol according to Ceriotti (5) and ab-
sorbance measured at 490 nm by means of a Spekol 11 (VEB
Carl Zeiss Jena). DNA from herring sperm (Sigma) was used
as a standard. The DNA concentration of the same tissue
sample as the enzyme assay but from a separate homogenate,
was determined.
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TABLE 2. Postprandial Changes of FAA Concentrations in the Mucosa of Fresh- and Seawater Acclimated Trout
Time After Feeding (hr)

\} 0.5 2 3 6
Essential
Arginine FW (4) 052 008 (7) 1.24 = 0.12%* (4) + 1.35 = 0.21%%  (5) (5) 1.35 # 0.09%x
SW (4) 042 2009 (5) 1.04 £ 0.09%* (5)'2.05 = 0.23** (4) (5) 1.63 = 0.12%%*
Leucine FW 1.07 = 0.28 1.04 = 0.18 1.14 = 0.04 1.69 + 0.29 1.95 + 0.21%
SW 0.85 = 0.09 0.98 = 0.21 1.36 = 0.11* 2.33 = 0.39* 2.73 + 0.59%
Valine FW 0.61 = 0.09 0.67 = 0.03 0.61 = 0.04 0.77 = 0.11 1.06 * 0.09%
SW 0.53 = 0.04 0.69 = 0.08 0.81 = 0.12* 1.15 = 0.19% 1.47 = 0.30%*
Non-essential
Alanine FW 0.78 = 0.07 0.82 = 0.08 I.11 = Q.11% 1.61 *+ 0.19%* 1.41 + Q.12%*
SW 0.63 = 0.04 093 + 0.11* 1.47 = 0.20%* 1.81 = 0.31%* 1.69 + 0.30%*
Aspartate FW 0.22 = 0.03 ¥ 0.59 + 0.07** 047 + 0.08% 0.73 + 0.11%* 0.7 = 0.04%*
SW 0.22 = 0.01 027 =0.03 0.63 = Q.11%* 0.72 = 0.23* 0.85 = 0.11*
Glutamate FW 1.08 + 0.12 1.21 = 0.21 n 1.49 = 0.09* 5 1.65 = 0.21% 1.53 = 0.11*
SW 1.55 = 0.28 1.63 = 0.22 2.06 = 0.19 231 020 1.93 +0.20
Glycine FW $t 1.3 = 0.09 1.12 = 0.29 1.62 = 0.18 2.04 + 0.24* 5 1.61 = 0.10
SW 0.83 = 0.11 1.17 = 0.21 1.36 = 0.22 230 = 0.21% 2.63 = 0.41%
Proline FW 047 = 0.11 0.62 = 0.09 L 070 £ 0.10 0.91 * 0.08* 0.74 = 0.03*
SW 032 = 0.03 0.53 = 0.02%* ' 0.97 + 0.09%* 0.99 = 0.18%* 1.05 + 0.271%*
Taurine FW - 23.0 £ 0.5 TT 23.0 = 0.7 238 = 1.0 - 243 1.6 i 212 =14
SW 28.1 = 1.5 286 £ 1.5 300+ 34 33119 302 =24

Values are expressed in gmol/gfw as means + SE with n in parentheses.
Significance levels for comparison with value at time 0: P < 0.05 (*), P < 0.01 (**).
Significance levels for differences between FW and SW animals: P < 0.05 (1), P < 0.01 (7).

Protein Determination RESULTS

Protein was measured according to Lowry et al. (18) using Postprandial Changes of FAA

human serum albumin as a standard. MUCOSA. Values and significance levels are reported in
Table 2. An increase in postprandial concentrations of Arg,
Leu, Val, Ala, Asp, Glu, Gly and Pro occurred. Only the
concentration of Tau remained stable during the investi-
Student’s t-test or Welch's t-test (when F-test gave signifi- gated period. After roughly 3 hours FAA levels reached a
cantly different variances) were used, where appropriate. plateau. There were no major differences in FAA concen-

Statistical Analysis

pylorus region midgut posterior intestine

FIG. 1. Mid-intestine of O. mykiss. Mucosa of the section between the arrows was used for experimentation.
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TABLE 3. Postprandial Changes of FAA Concentrations in the Liver of Fresh- and Seawater Acclimated Trout

Time After Feeding (hr)

0 0.5 2 3 6
Essential
Arginine FW (7) 044 = 0.11 (4) 1.87 £ 0.21** 1.37 = 0.50%x (5) 1.23 = 0.09%*
SW (5) 0.86 £ 0.18 (5) 1.55 = 0.28 1.83 + 0.22%% (5) 1.65 = 0.20%
Leucine FW t 0.55 = 0.04 0.65 = 0.03 0.62 = 0.11 0.93 + 0.18* 0.96 = 0.10**
SwW 1081 +0.11 0.52 = 0.02%* 0.73 = 0.07 1.22 = 0.10% 1.29 £ 0.21
Valine W 0.45 = 0.03 0.32 = 0.03* 0.29 = 0.08 ¥ 0.24 = 0.03** 0.53 = 0.11
SW 0.54 = 0.10 0.38 + 0.03 0.38 = 0.03 0.52 = 0.09 0.7 = 0.09
Non-essential
Alanine FW 327 =022 342 =028 412 = 049 416 = 0.19* 292 +0.13
SW 3.12 = 0.71 3.34 =048 437 = 0.80 5.54 = 0.71* 3.11 £ 0.19
Aspartate FW 0.53 = 0.09 0.38 = 0.08 0.48 = 0.10 0.34 = 0.02% 0.42 = 0.06
SW 0.48 = 0.02 0.54 = 0.07 0.72 = 0.11* 0.48 + 0.09 0.63 + 0.20
Glutamate FW 591 = 0.69 5.09 = 0.39 5.85 = 0.32 5.78 *+ 0.68 552 +0.24
SW 6.05 = 1.28 394 =030 5.11 *= 0.67 6.54 = 0.58 498 = 0.50
Glycine FW 131 = 0.12 1.27 = 0.30 1.87 = 0.41 2.19 = 0.41* 1.81 = 0.13*
SW 1.54 = 0.20 1.24 = 0.27 1.48 = 0.19 1.97 = 0.14 2.03 + 022
Proline FW 0.74 = 0.08 0.60 = 0.10 0.71 = 0.06 TO.SI + 0.11 ¥ 0.73 = 0.07
SwW 0.84 + 0.28 0.46 = 0.10 0.81 = 0.06 1.15 * 0.10 0.98 = 0.09
Taurine FW ¥ 136 0.8 12.7 + 0.4 TT 141 = 1.0 - 159 = 0.8 15.8 = 0.8
SW 175+ 14 19.5 + 2.7 19.2 = 0.8 21.5 = 0.6 197 = 1.2

Values are expressed in gmol/gfw as means * SE with n in parentheses.
For significance levels see Table 2.

trations between pre-fed animals of the two experimental
groups. The only exception of the FAA investigated was
Tau. It had by far the highest concentration and its level
was consistently higher (22-36%) in SW trout. However,
the sum of the FAA measured is 26, 24 and 35% higher in
SW trout than FW trout after 2, 3 and 6 hours, respectively.

LIVER. Values and significance levels are reported in Ta-
ble 3. Postprandial levels of Leu, Val, Ala, Asp, Glu, Pro
and Tau remained stable. Only Arg showed a strong in-
crease. [t is noteworthy that in the liver concentrations of
some, FAA (Leu, Asp, Glu, Gly, Pro) dropped within the
first 30 min after feeding and reached the previous level or
a slightly higher one later. Tau also remained stable in liver
tissue and, similar to the findings in the mucosa, the level
was higher (24-54%) in SW animals. Tau concentration in
the liver is only about half of that measured in the mucosa of
the midgut. In general, it can be reported that FAA concen-
trations in the liver are more stable than in the midgut mu-
cosa and are less influenced by food uptake.

Maximum Enzyme Activities

MUCOSA. Results and significance levels are shown in
Table 4. GDH activities showed no significant differences
between animals of the different salinities. Maximum activ-
ity of AspAT was significantly higher in rainbow trout kept
in SW. Also AlaAT showed a greater maximum activity in
SW acclimated trout, but not significant because of large
individual differences. DNA concentrations were not differ-

ent in both groups either, so, cell number per g liver weight
remained unchanged by salinity. Thus, measured results are
comparable. A similar feature occurred in a second experi-
ment (results not shown), except that the difference of the
AlaAT activities was significant (P < 0.05).

LIVER. GDH activity was slightly higher (21%) in SW
trout. Specific activities were similar. AspAT and AlaAT
showed slightly higher values (22 and 11%, respectively) in
SW animals but again there were no differences in the spe-
cific activities of these enzymes in trout of either group. This
was caused by the 19% higher content of soluble protein in
liver tissue of SW acclimated fish, while the DNA concen-
trations were similar.

DISCUSSION

mucosa. The intestine plays a special role in main-
taining AA homeostasis. The passage of AA from the lu-
men across the intestinal wall into the circulation involves
transcellular transport. When considering the FAA absorp-
tion process, it is necessary to distinguish between uptake
by the brush-border membrane, and its basolateral release
into the circulation. This study reports an increase of post-
prandial concentrations of the essential (Arg, Leu, Val)
(43) as well as the non-essential FAA (Ala, Asp, Glu, Gly,
Pro) in mucosa tissue of the mid-intestine. Similar increases
of FAA levels after feeding were observed in blood plasma
of rainbow trout (25,27,33) and in the caeca of rainbow
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TABLE 4. Maximum Enzyme Activities in Mucosa and Liver of Fresh- and Seawater Acclimated Trout
Mucosa Liver
FW SW FW sW

n 9 6 9 6
DNA mg/gfw 2.1 £01 2.0+01 45 =05 43 * 0.6
Soluble Protein mg/gfw 1299 + 3.5 1223 + 7.8 89.2 = 6.7 106.1 = 8.9
AspAT Ufgfw 91 x05 T 132 £ 1.3 8.3 = 0.7 10.1 £ 1.8
AlaAT U/gfw 3403 47 £ 09 208 =22 23.0 = 4.8
GDH Ufgfw 15.6 = 0.5 13.1 £ 14 57.0 = 48 68.9 + 5.7

Values are given as means = SE.
1U = consumption of 1 gmol of the respective substrate per min.

Significance level for differences between FW and SW animals: P < 0.01 (f).

trout (4). In contrast, stable postprandial FAA concentra-
tions were measured in white muscle of cod (19) and rain-
bow trout (4), stomach tissue of rainbow trout (4) and in
rainbow trout liver (4,41). The high stable levels of Tau
recorded in this experiment are in contrast to the findings
of Nose (27) and Murai et al. (25), who measured strong
postprandial increases of Tau in trout blood. Unfortunately,
they did not mention the Tau content of the diet fed. Thus,
fish meal or marine invertebrates cannot be excluded as the
possible source for Tau. Feed used in this experiment had
a low Tau concentration (see Table 1). The lower Tau level
in the liver (about 50% of that in the mucosa) might result
from the high amount of other osmoeffectors (e.g. Ala and
Glu). Murai et al. (25) found a surprisingly strong increase
of Pro concentration in the portal vein blood of O. mykiss
in comparison with the composition of the food. This is
unlikely a random observation since it was found in two
independent experimental groups. This feature can be ex-
plained by a postprandial Pro synthesis from Glu in the en-
terocytes. However, the present results do not support this
hypothesis. Since we do not know what the basolateral
transport rate of Pro is, our results do not disprove it, either.
The FAA concentrations measured in the midgut mucosa
of FW animals occur in the following quantitative order:

Tau > Gly > Glu, Leu >
Ala > Val > Arg > Pro > Asp

Quantitatively, the effect of salinity acclimation on the
FAA in the mucosa is relatively small. According to investi-
gations in Anguilla anguilla the general osmoregulation is
essentially achieved in the anterior part of the gut: oesopha-
gus, the stomach and the pyloric section of the intestine
(17). Accordingly, in rainbow trout the highest activity of
Na*/K*ATPase was found in the pyloric section (40).

Only Tau has obvious and significantly higher levels in
mucosa of SW trout, which underlines its importance for
cell volume regulation.

Essential (Arg, Leu, Val) and non-cssential FAA (Ala,
Glu, Gly, Pro) show a rapid postprandial increase in SW
trout. Although this increase is not statistically significant

in all instances, the general trend observed is clear. One
reason might be a higher activity of Na"/K* ATPase in the
small intestine in SW trout (40). Reshkin et al. (31) have
shown that the transapical transport is Na* dependent,
while active transport across the basolateral membrane oc-
curs for only a few FAA. The Na* dependent transport is
driven by the basolateral located Na*/K*ATPase (14). Mu-
cosal AspAT activity (Table 4) in rainbow trout increased
by roughly the same extent as that shown by Vokler et al.
(40) for Na*/K*ATPase after salinity acclimation. The
AspAT might be indirectly implicated in the energization
of transport in the malate-aspartate shuttle.

Considering the mucosa and liver AspAT, AlaAT and
GDH activities in relation to those reported by Bittorf and
Jirss (2) for kidney, gill, red muscle, white muscle and heart
of FW rainbow trout, it can be seen that there is a great
similarity between the proportions in mucosa to gill tissue,
and liver to kidney, respectively (Table 5).

A similar situation has been noted in the case of Ictalurus
punctatus (42). AspAT activity is much higher than AlaAT
activity in the mucosa, and is possibly linked to ion trans-
port in the two organs (gill and mucosa).

Interesting for explanation of the differences in postpran-
dial FAA level increase are probably also the true condi-
tions in the intestinal lumen. Since SW teleosts have to
replace water lost due to osmosis by drinking (9,36), one
could expect a higher ion content (Na*,Cl™) as well as a
slightly higher pH in the lumen of such animals. Usher et
al. (37) indeed found a significant higher pH in the midgut

TABLE 5. Proportions of Maximum Activities of AspAT,
AlaAT and GDH in Various Tissues of Rainbow Trout

AspAT AlaAT GDH
Mucosa 1.0 Q.37 1.71
Gill 1.0 0.22 1.55
Liver 1.0 2.50 6.87
Kidney 1.0 2.09 4.86

Values for gill and kidney calculated from results of Bittorf and Jiirss (2).
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of SW acclimated Atlantic salmon. According to Shehadeh
and Gordon (35) the concentration of Na* decreases with
increasing milieu salinity in the midgut, while it rises in
the plasma. This might also be a result of the higher Na*/
K*ATPase activity. In addition, Usher et al. (37) found that
proteolytic enzymes in SW and FW salmon intestines have
identical pH optima (~pH 9). Thus, conditions in SW
trout are closer to the optimum. Although the pH of the
stomach is not different, that of the intestine is more alka-
line, probably due to higher bicarbonate secretion in SW
acclimated salmon (37).

In a short-term experiment, Dabrowski et al. (8) always
found higher FAA concentrations in the gut lumen of SW
than FW trout. Thus, one reason for the higher postprandial
levels of some FAA in mucosa tissue of SW rainbow trout
are, very likely, higher FAA concentrations in the apical
part of the enterocytes. A further reason might be a limited
release into the blood.

LIVER. The liver is regarded to be the main organ of AA
homeostasis {14). The results presented here show that
postprandial concentrations of FAA in the liver remain rel-
atively stable and do not follow the increase measured in
the mucosa. Nor do they mirror those as reported by Nose
(27) and Murai et al. (25) in the blood of trout or carp (28).
Similar observations were made by Walton and Wilson (4)
for trout. Only Arg showed a large increase. The drop in
levels of several FAA (Leu, Val, Ala, Glu, Gly, Pro) 30
min after feeding might serve as an indication of increased
protein synthesis induced by feeding and the arrival of ab-
sorbed dietary FAA (4,21).

The quantitative order of the FAA in liver tissue is:

Tau > Glu > Ala > Gly
> Pro > Asp, Leu > Arg, Val

The high Glu and Ala levels are similar to results of van
der Boon et al. (38) for Carassius auratus and of Wilson and
Poe (44) for Ictalurus punctatus. The high activities of
GDH and AlaAT measured by Jiirss and Nicolai (15) and
in this study are corresponding with that. The high Glu
concentrations are understandable considering that in the
liver of the goldfish (Carassius auratus) Glu is formed rap-
idly from Ala, Asp, Tyr and the branched chain AA. In
addition, Glu is released in larger quantities than any other
FAA from nutritional (Table 1) and body proteins (10,45).
Glu and Ala are known to be the favoured substrates for
oxidation and gluconeogenesis in teleost liver (22,23,26).
Additionally, Ala is preferred to glucose for lipogenesis in
trout liver (11).

Although the portal vein directly links gut and liver,
FAA seem to be taken up selectively during blood circula-
tion. An indication for this is that postprandial FAA levels
in the liver do not follow the pattern measured in the mu-
cosa (present study) and in the blood (27). Remarkable in
this context is a comparison of our results with those of
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Ash etal. (1). These authors determined amino acid profiles
relating to blood drawn simultaneously from dorsal aorta
and hepatic portal vein and calculated the arterio-portal
difference for 3-hr post-fed rainbow trout. The greatest dif-
ferences were reported for Ala and Gly, which in the men-
tioned experiment rose strongest 3 hr after feeding in FW
trout. As demonstrated by Campbell et al. (3), for Ictalurus
punctatus at least for Glu, Gln and Asp transport into the
hepatocytes is limited, maybe to avoid a “flooding” by FAA.
On the other hand, as indicated by the high activities of
GDH, AlaAT and AspAT, FAA undergo a rapid transde-
amination. The influence of salinity seems to occur only to
the pre-fed levels of Leu and Tau. Although concentration
in the liver is lower than in mucosa tissue Tau is similarly
important for osmoregulation.

In conclusion, influence of salinity acclimation is greater
on the intestinal mucosa than on the liver. The increased
capacity of ion transport in the mucosa cells and the
changes in the luminal milieu seem to support the resorp-
tion of FAA.

The authors are grateful to Mrs. G. Mahnke, Mrs. A. Schwartinski
and Mr. T. Schaarschmidt for expert technical assistance. We are in-
debted to Dr. C. de Villiers for correcting the English. We also wish
to thank the referees of this paper for their helpful suggestions.
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