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ABSTRACT. Postprandial changes o f A rg, Leu, Val, A la, Asp, G lu, Gly, Pro and T au  as well as activ ities of 
three  enzymes o f th e  transdeam ination  system in  th e  m idgut mucosa and, for com parison, in  th e  liver o f freshwa­
ter and seawater acclim ated Oncorhynchus mykiss were studied. In  th e  mucosa a postprandial increase o f Arg, 
Leu, Val, A la, Asp, G lu, G ly and Pro occurred. In  contrast, only th e  postprandial A rg level increased strongly 
in th e  liver. Levels of Leu, Val, A la, Asp, G lu, Gly, Pro and T au rem ained stable. C o ncen tra tions of A la, Asp, 
G lu  and Pro are h igher in  the  liver th an  th e  mucosa. T au  is the m ost im portan t osm otic effector in b o th  organs, 
bu t its co n cen tra tio n  is m uch  lower in  th e  liver. Its postprandial concen tra tions rem ained stable in bo th  tissues 
bu t were significantly h igher in  seawater trout. T h e  trend  of a stronger postprandial rise of Arg, Leu, Val, A la, 
Asp, G lu , G ly and  Pro levels in  seawater tro u t th a n  in  freshwater tro u t was show n. In  m ucosa tissue aspartate 
am inotransferase activ ities were h igher in  seawater trout. R atios o f aspartate am inotransferase, alanine am ino­
transferase and g lutam ate dehydrogenase are sim ilar to  those of th e  gills. Copyright ©  1996 Elsevier Science Inc. 
c o m p  b i o c h e m  p h y s i o l  116A ;2:149—155, 1997.
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IN T R O D U C T IO N

A part from their participation in protein  turnover, free 
am ino acids perform two major functions in carnivorous 
teleosts. Firstly, they are central in energy m etabolism  as 
shown by Phillips (29), who observed th a t in natural trout 
food, proteins contribute about 70% to the energy supply. 
Secondly, FAA serve as im portant intracellular osmotic ef­
fectors. T h e  total pool of FA A  in the fish is divided into 
smaller pools, each having a different com position, specific 
to  the  particular organs (14,44). A ll are nevertheless linked 
via the blood system. FA A  arise from the breakdown of n u ­
tritional and body proteins as well as by de novo synthesis. 
FA A  released by digestion of nu tritional p rotein  in the in­
testinal lum en enter the blood by trans-epithelial transport. 
T he principal resorption site o f FAA in teleosts is the  m id­
intestine (7,20,39). Postprandial FA A  concentrations in 
the  blood (27,33) and in o ther organs (4,19,41); and re­
cently, in  the caeca (4) have been investigated. However, 
little is know n about the m idgut mucosa or its role in  impor-
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tan t biochem ical events such as am moniogenesis and oxida­
tion  of FAA.

FA A  were found to  be im portant intracellular osmotic 
effectors in rainbow trou t and o ther fish (13,16). This is of 
particular im portance for anadromous fish like salmonids, 
w hich face large changes in  salinity while migrating. As sa­
linity influences conditions in the  gut lum en (37) and FA A  
transport powering N a +/K + A TPase (6,40) it may well af­
fect postprandial FA A  concentrations too.

T he aim o f this investigation was to exam ine th e  behav­
iour of postprandial FA A  concentrations in m idgut mucosa 
tissue and to determ ine the influence of different salinities 
on the A A  metabolism of this tissue. T o this end, the fol­
lowing were determ ined from mucosa tissue of bo th  FW and 
SW  acclim ated trout: 1. Postprandial concentrations of 
three essential and six non-essential FAA; and 2. M aximum 
activities o f the key enzyme of A A  metabolism, G D H  and 
two other im portant enzymes of the transdeam ination sys­
tem, A laA T  and A spAT.

As liver tissue is the  m ain site of A A  metabolism, it was 
included in  all experim ents for com parative purposes.

M ATERIALS A N D  M E T H O D S
Anim als and Experim entation

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

C rude protein 48.0%
C rude fibre 1.5%
C rude lipid 13.0%
C rude ash 13.5%
M ineral and v itam in mix
Dry w eight 91.1%
A sh/dry  weight 16.1%
N itrogen /d ry  weight 8.6%

A m ino  acids (//m ol/g  dry weight)
Essential

Leu 298.4
Lys 247.3
Val 221.2
Arg 199.0
T h r 180.3
Ile 159.2
His 147.9
Phe 118.6
M et 92.1

N on-essential
Gly 659.7
G lu /G ln 509.5
A la 422.3
A sp /A sn 371.8
Pro 297.5
Ser 233.7
Tyr 70.6
Cys 19.4
Tau 6.2

Landesforschungsanstalt für Landwirtschaft und Fischerei 
(M ecklenburg/V orpom m ern, G erm any). T he fish were 
slowly acclim ated (about 3 weeks) to the specific experi­
m ental conditions and were kept under these conditions for 
an additional 4 weeks.

In the first experim ent (for FAA  determ ination) it was 
necessary to keep the animals separately to avoid hierarchy 
effects during feeding and to ensure th a t trout would feed 
the whole portion  w ithout any delay. T he animals were kept 
in containers w ith a closed water circulation at tem pera­
tures between 18 and 21°C. A cclim ation salinity was either 
0 or 32%o and the pH  in the freshwater and seawater tanks 
was 7.1 and 7.9, respectively. T he fish were fed daily on a 
ration  of artificial pellet food (for com position see Table 1), 
equivalent to 1 % of the individual body mass. Average mass 
was 168 ±  33 g (n =  48) measured after the acclim ation 
period. Pellets were obtained from the Kraftfutterwerk 
Beeskow e.G. (Germ any). In the first experim ent animals 
were trained to feed from hand. Fish were starved for 24 hr 
prior to  experim entation. T he times of killing (see Table 
2) were chosen after a pilot experim ent, w hich showed tha t 
12 hours after feeding the FAA concentrations rem ain at 
the level attained 6 hours after feeding.

In a second experim ent (for enzyme assays) animals were 
kept as described above, except tha t they were fed ad libitum. 
Body mass in this experim ent was 144 — 26 g (n  =  15) 
measured after killing.

T he day/night cycle in the two experim ents was natural 
(M arch-M ay/June-A ugust, respectively). A nim als were 
killed by a sharp blow to the head and tissue samples dis­
sected out immediately. T he m idgut (see Fig. 1) was taken 
out first and cut open longitudinally. T he gut con ten t pres­
e n t was removed and the tissue rinsed w ith  ice-cold 0.9% 
N aC l using a soft paintbrush. Samples were then  dried using 
a dry paintbrush. T he gut “mucosa” was separated from the 
gut m usculature by means of a scalpel, wrapped in alum in­
ium foil, and immediately frozen in liquid N 2. A ll the  tissue 
was subsequently stored at — 70°C for later analysis. Subse­
quently, the  whole liver was rinsed w ith  0.9% N aC l, dried 
w ith a co tton  clo th  and frozen (as described above). T he 
whole procedure was performed on ice and did n o t take 
longer than  3 m in for the  two tissue samples.

FAA Analysis by H PLC

T reatm ent of tissue and analysis o f FA A  by HPLC was car­
ried out according to Schiedek and S chöttler (32) except 
th a t the colum n was a L iC hroC A R T  125-4 colum n 
(M erck) w ith a guard colum n consisting of the same m ate­
rial. M ixtures (1 and 2 mM ) of the FAA measured (Arg, 
Leu, Val, A la, Asp, G lu, Gly, Pro, T au) were used as stan­
dards.

Enzyme A ssays

Tissue samples were disrupted in ice-cold bi-distilled H20  
by means of an U ltraturrax (Janke and Kunkel) for 30 sec 
at maximum speed, followed by sonification for a further 
30 sec w ith an H D  60 (Bandelin). T he hom ogenates were 
centrifuged at 20,000 g (4°C) and the supernatants ob­
tained were used for assays (w ith in  1 hour). Enzyme assays 
were carried out as follows: G D H  (E.C. 1.4-1.2.) in the d i­
rection of glutam ate form ation according to  Schm idt (34), 
A laA T  (E.C.2.6.1.2.) in the d irection of pyruvate forma­
tion  according to H prder and Rej (12), A spA T 
(E.C.2.6.1.1.) in  the d irection of oxaloacetate synthesis ac­
cording to  Rej and H 0rder (30), w ith the exception that 
pyridoxal phosphate was om itted for A laA T  and AspAT. 
Changes in  absorbance were detected by means of a DU 64 
spectrophotom eter (Beckman) at 340 nm  after 5 m in o f pre- 
incubation at 25°C. A ll reactions were initiated by adding 
ct-ketoglutarate. It was om itted for control.

D  NA D eterm ination

Extraction was carried out using the Schm idt-Thannhauser 
m ethod modified according to M unro and Fleck (24). DNA 
was derivatized w ith indol according to  C erio tti (5) and ab­
sorbance measured at 490 nm  by means of a Spekol 11 (VEB 
Cari Zeiss Jena). D N A  from herring sperm (Sigma) was used 
as a standard. T he D N A  concentra tion  of the same tissue 
sample as the enzyme assay but from a separate hom ogenate, 
was determ ined.
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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 0.5 2 3 6

Essential
A rginine FW (4) 0.52 + 0.08 (7) 1.24 + 0.12** (4) ,  1.35 ± 0.21** (5) (5) 1.35 -F 0.09**

SW (4) 0.42 0.09 (5) 1.04 + 0.09** (5) T 2.05 -t- 0.23** (4) (5) 1.63 ± 0.12**
Leucine FW 1.07 + 0.28 1.04 + 0.18 1.14 - f - 0.04 1.69 -1- 0.29 1.95 -F 0.21*

SW 0.85 -F 0.09 0.98 -H 0.21 1.36 + 0.11* 2.33 -F 0.39* 2.73 ± 0.59*
V aline FW 0.61 -F 0.09 0.67 + 0.03 0.61 + 0.04 0.77 H - 0.11 1.06 + 0.09**

SW 0.5.3 -F 0.04 0.69 + 0.08 0.81 - 1 - 0.12* 1.15 - f - 0.19* 1.47 -F 0.30*
N on-essential

A lan ine FW 0.78 + 0.07 0.82 + 0.08 1.11 H - 0.11* 1.61 0.19** 1.41 -F 0.12**
SW 0.63 0.04 0.93 + 0.11* 1.47 -t- 0.20** 1.81 - I - 0.31** 1.69 -F 0.30**

A spartate FW 0.22 + 0.03 + 0.59 + 0.07** 0.47 ± 0.08* 0.73 -F 0.11** 0.7 -F 0.04**
SW 0.22 -F 0.01 0.27 + 0.03 0.63 -F 0.11** 0.72 0.23* 0.85 -F 0.11*

G lu tam ate FW 1.08 0.12 1.21 + 0.21 , 1.49 
T 2.06

-F 0.09* . 1.65 
2.31

0.21* 1.53 -F 0.11*
SW 1.55 -h 0.28 1.63 + 0.22 -F 0.19 + 0.20 1.93 -F 0.20

G lycine FW
t t  L3 ' 1 0.83

H- 0.09 1.12 -t- 0.29 1.62 -F 0.18 2.04 ± 0.24* , 1.61 
T 2.63

± 0.10
SW -t- 0.11 1.17 0.21 1.36 - 1- 0.22 2.30 + 0.21* -F 0.41*

Proline FW 0.47 - h 0.11 0.62 0.09 0.70 -1- 0.10 0.91 -F 0.08* 0.74 -F 0.03*
SW 0.32 -F 0.03 0.53 0.02** '  0.97 -F 0.09** 0.99 -F 0.18** 1.05 -F 0.21**

T aurine FW t t  23-0 
1 ' 28.1

-F 0.5 n 23.0 
' 1 28.6

0.7 23.8 -F 1.0
t t 2 4 3  1 ' 33.1

-F 1.6 ++21.2 
4 30.2

-F 1.4
SW -F 1.5 1.5 30.0 -F 3.4 -+- 1.9 -+■ 2.4

V alues are expressed in  //m ol/g iw  as m eans ±  SE w ith  n  in  parentheses.
Significance levels for com parison  w ith  value a t tim e 0: P <  0.05 (*), P <  0.01 (**). 
S ignificance levels for differences betw een  FW  and  S W  anim als: P  <  0.05 ( t ) ,  P <  0.01 ( t t ) .

Protein  D eterm ination

Protein was measured according to  Lowry et al. (18) using 
hum an serum album in as a standard.

Statistical Analysis

Student's t-test or W elch 's t-test (when F-test gave signifi­
cantly different variances) were used, where appropriate.

RESULTS
Postprandial Changes of FAA

m u c o s a .  Values and significance levels are reported in 
Table 2. A n  increase in  postprandial concentrations of Arg, 
Leu, Val, A la, Asp, G lu, Gly and Pro occurred. Only the 
concentra tion  of Tau rem ained stable during the investi­
gated period. A fter roughly 3 hours FA A  levels reached a 
plateau. T here were no  m ajor differences in FA A  concen-

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 o f Fresh- and Seawater Acclimated Trout

Time After Feeding (hr)
0 0.5 2 3 6

Essential
A rginine FW (7) 0.44 4- 0.11 (4) 1.87 0.21** (5) 1.37 4- 0.50** (5) (6) 1.23 4- 0.09**

SW (5) 0.86 + 0.18 (5) 1.55 + 0.28 (4) 1.83 4- 0.22** (5) (5) 1.65 4- 0.20*
Leucine FW

f t 0 '55 
! ' 0.81

4- 0.04 0.65 + 0.03 0.62 4- 0.11 0.93 4- 0.18* 0.96 4- 0.10**
SW + 0.11 0.52 -t- 0.02** 0.73 -+- 0.07 1.22 4- 0.10* 1.29 4- 0.21

V aline FW 0.45 4- 0.03 0.32 + 0.03* 0.29 4- 0.08 ,0 .2 4
0.52

4- 0.03** 0.53 + 0.11
SW 0.54 4- 0.10 0.38 + 0.03 0.38 4- 0.03 4- 0.09 0.7 4- 0.09

N on-essential
A lan ine FW 3.27 4- 0.22 3.42 0.28 4.12 ± 0.49 4.16 4- 0.19* 2.92 ± 0.13

SW 3.12 4- 0.71 3.34 0.48 4.37 + 0.80 5.54 0.71* 3.11 ± 0.19
A spartate FW 0.53 4- 0.09 0.38 + 0.08 0.48 4- 0.10 0.34 4- 0.02* 0.42 4- 0.06

SW 0.48 4- 0.02 0.54 0.07 0.72 + 0.11* 0.48 4- 0.09 0.63 ± 0.20
G lu tam ate FW 5.91 4- 0.69 5.09 -t- 0.39 5.85 0.32 5.78 ± 0.68 5.52 ± 0.24

SW 6.05 1.28 3.94 0.30 5.11 4; 0.67 6.54 ± 0.58 4.98 4- 0.50
G lycine FW 1.31 ± 0.12 1.27 0.30 1.87 4- 0.41 2.19 4- 0.41* 1.81 4- 0.13*

SW 1.54 + 0.20 1.24 0.27 1.48 4- 0.19 1.97 4_ 0.14 2.03 4- 0.22
Proline FW 0.74 4- 0.08 0.60 0.10 0.71 4- 0.06 .0 .8 1  

T 1.15
4- 0.11 , 0.73 

0.98
4- 0.07

SW 0.84 ± 0.28 0.46 0.10 0.81 4- 0.06 4- 0.10 4- 0.09
T aurine FW X 13.6 4- 0.8 12.7 + 0.4

t t 1 4 J  ' 1 19.2
4- 1.0

t t  1 5 ' 9  
T 21.5

4- 0.8 . 15.8 
' 19.7

4- 0.8
SW T 17.5 4- 1.4 19.5 + 2.7 4- 0.8 4- 0.6 4- 1.2

V alues are expressed in //m ol/gfw  as m eans ±  SE w ith  n  in parentheses. 
For significance levels see T ab le  2.

trations between pre-fed animals of the two experim ental 
groups. T he only exception of the FA A  investigated was 
Tau. It had by far the highest concentra tion  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.

l i v e r .  Values and significance levels are reported in  T a ­
ble 3. Postprandial levels of Leu, Val, A la, Asp, G lu, Pro 
and Tau rem ained stable. O nly Arg showed a strong in­
crease. It is notew orthy th a t in the liver concentrations of 
some, FAA (Leu, Asp, G lu, Gly, Pro) dropped w ith in  the 
first 30 m in after feeding and reached the previous level or 
a slightly higher one later. T au  also rem ained stable in  liver 
tissue and, similar to  the findings in the mucosa, the level 
was higher (24-54% ) in SW  animals. Tau concentra tion  in 
the liver is only about half o f th a t measured in the mucosa of 
the midgut. In general, it can be reported th a t FAA concen­
trations in  the liver are more stable th an  in  the m idgut m u­
cosa and are less influenced by food uptake.

M axim um  Enzyme A ctivities

m u c o s a .  Results and significance levels are shown in 
Table 4. G D H  activities showed no significant differences 
between animals of th e  different salinities. M aximum activ­
ity of A spA T  was significantly higher in rainbow trout kept 
in  SW . Also A laA T  showed a greater m axim um  activity in 
SW  acclim ated trout, but n o t significant because of large 
individual differences. D N A  concentrations were n o t differ­

en t in bo th  groups either, so, cell num ber per g liver weight 
rem ained unchanged by salinity. Thus, measured results are 
comparable. A  similar feature occurred in  a second experi­
m ent (results n o t shown), except th a t the difference of the 
A laA T  activities was significant (P  <  0.05).

l i v e r .  G D H  activity was slightly higher (21% ) in SW  
trout. Specific activities were similar. A spA T and A laA T  
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 trou t of either group. This 
was caused by the 19% higher co n ten t of soluble protein in 
liver tissue of SW  acclim ated fish, while the D N A  concen­
trations were similar.

D ISC U S SIO N

MUCOSA. T h e  intestine plays a special role in m ain­
taining A A  homeostasis. T he passage of A A  from the lu­
m en across the intestinal wall into the circulation involves 
transcellular transport. W hen  considering the FA A  absorp­
tion  process, it is necessary to  distinguish between uptake 
by the brush-border m embrane, and its basolateral release 
in to  the circulation. This study reports an increase of post­
prandial concentrations of the essential (Arg, Leu, Val) 
(43) as well as the  non-essential FA A  (Ala, Asp, G lu, Gly, 
Pro) in  mucosa tissue of th e  m id-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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Mucosa Liver
FW SW FW SW

n 9 6 9 6
D N A mg/gfw 2.1 ±  0.1 2.0 ±  0.1 4.5 ±  0.5 4.3 ±  0.6
Soluble P rotein mg/gfw 129.9 ±  3.5 122.3 ±  7.8 89.2 ±  6.7 106.1 ±  8.9

A spA T U/gfw 9.1 ±  0.5 t 13.2 ±  1.3 8.3 ±  0.7 10.1 ±  1.8
A laA T U/gfw 3.4 ±  0.3 4.7 ±  0.9 20.8 ±  2.2 23.0 ±  4.8
G D H U/gfw 15.6 ±  0.5 13.1 ±  1.4 57.0 ±  4.8 68.9 ±  5.7

V alues are g iven  as m eans ±  SE.
1U  =  consum ption  o f 1 /¿m ol o f th e  respective substrate  per m in.
Significance level for differences betw een  FW  and  S W  anim als: P  <  0.01 ( t ) .

trout (4). In contrast, stable postprandial FAA concen tra­
tions were measured in w hite muscle of cod (19) and ra in ­
bow trout (4), stom ach tissue of rainbow trout (4) and in 
rainbow trout liver (4,41). T he high stable levels of Tau 
recorded in this experim ent are in  contrast to  the findings 
of Nose (27) and M urai et al. (25), who measured strong 
postprandial increases of Tau in trout blood. U nfortunately, 
they did n o t m ention the Tau con ten t of the diet fed. Thus, 
fish m eal or marine invertebrates canno t be excluded as the 
possible source for Tau. Feed used in this experim ent had 
a low T au concentra tion  (see Table 1). T he low erT au  level 
in  the  liver (about 50% of th a t in the mucosa) m ight result 
from the high am ount o f o ther osmoeffectors (e.g. A la and 
G lu). M urai et al. (25) found a surprisingly strong increase 
of Pro concentra tion  in the portal vein blood of O . mykiss 
in com parison w ith the com position of the food. This is 
unlikely a random  observation since it was found in two 
independent experim ental groups. This feature can be ex­
plained by a postprandial Pro synthesis from G lu in the en- 
terocytes. Flowever, the  present results do no t support this 
hypothesis. Since we do n o t know w hat the basolateral 
transport rate of Pro is, our results do n o t disprove it, either. 
T he FA A  concentrations measured in  the m idgut mucosa 
of FW  animals occur in  the following quantitative order:

T au  5%> Gly >  Glu, Leu >
A la >  Val >  Arg >  Pro >  Asp

Q uantitatively, the effect of salinity acclim ation on  the 
FA A  in the mucosa is relatively small. A ccording to investi­
gations in Anguilla anguilla the general osm oregulation is 
essentially achieved in the anterior part of the gut: oesopha­
gus, the stom ach and the pyloric section of the intestine 
(17). Accordingly, in  rainbow trout the highest activity of 
N a +/K +A TPase was found in the pyloric section (40).

O nly Tau has obvious and significantly higher levels in 
mucosa of SW  trout, w hich underlines its im portance for 
cell volume regulation.

Essential (Arg, Leu, V al) and non-essential FA A  (Ala, 
G lu, Gly, Pro) show a rapid postprandial increase in SW  
trout. A lthough  this increase is no t statistically significant

in all instances, the general trend observed is clear. O ne 
reason m ight be a higher activity of N a+/K +ATPase in the 
small intestine in SW  trout (40). Reshkin et aí. (31) have 
shown th a t the transapical transport is N a + dependent, 
while active transport across the  basolateral m em brane oc­
curs for only a few FAA. T he N a + dependent transport is 
driven by the basolateral located N a +/K +A TPase (14). M u­
cosal A spA T  activity (Table 4) in  rainbow trout increased 
by roughly the same ex ten t as th a t shown by Vökler et al. 
(40) for N a+/K +ATPase after salinity acclim ation. T he 
A spA T m ight be indirectly im plicated in the energization 
of transport in  the m alate-aspartate shuttle.

Considering the mucosa and liver A spA T, A laA T  and 
G D H  activities in relation to those reported by Bittorf and 
Jtirss (2) for kidney, gili, red muscle, white muscle and heart 
of FW rainbow trout, it can be seen th a t there is a great 
similarity betw een the proportions in  mucosa to gili tissue, 
and liver to kidney, respectively (Table 5).

A similar situation has been noted  in the case of Ictalurus 
punctatus (42). A spA T  activity is m uch higher th an  A laA T  
activity in the mucosa, and is possibly linked to  ion trans­
port in the two organs (gili and mucosa).

Interesting for explanation of the differences in  postpran­
dial FA A  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 con ten t (N a+,C L ) 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 0.37 1.71
G ili 1.0 0.22 1.55
Liver 1.0 2.50 6.87
Kidney 1.0 2.09 4.86

Values for gili and  k idney calcu lated  from  results o f B itto rf and  Jtirss (2).
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of SW  acclim ated A tlan tic  salmon. According to  Shehadeh 
and G ordon (35) the  concentra tion  of N a + decreases w ith 
increasing milieu salinity in the midgut, while it rises in 
the  plasma. This m ight also be a result of the higher N a+/ 
K+A TPase activity. In  addition, U sher et al. (37) found tha t 
proteolytic enzymes in SW  and FW  salmon intestines have 
identical pH  optim a (~ p H  9). Thus, conditions in SW  
trou t are closer to the optim um . A lthough  the pH  of the 
stom ach is no t different, th a t of the  intestine is more alka­
line, probably due to higher bicarbonate secretion in SW  
acclim ated salmon (37).

In a short-term  experim ent, Dabrowski et al. (8) always 
found higher FAA concentrations in  the gut lumen of SW  
th an  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 th e  enterocytes. A  further reason m ight be a lim ited 
release into the blood.

LIVER. T he liver is regarded to be the m ain organ of A A  
homeostasis (14). T h e  results presented here show th a t 
postprandial concentrations of FAA in the liver rem ain rel­
atively stable and do n o t follow the  increase measured in 
the mucosa. N or do they m irror those as reported by Nose 
(27) and M urai et al. (25) in the blood of trout or carp (28). 
Similar observations were made by W alton  and W ilson (4) 
for trout. O nly Arg showed a large increase. T he drop in 
levels of several FA A  (Leu, Val, A la, G lu, Gly, Pro) 30 
m in after feeding m ight serve as an indication of increased 
protein synthesis induced by feeding and the arrival o f ab­
sorbed dietary FAA (4,21).

T h e  quantitative order of the FAA in liver tissue is:

Tau G lu >  A la iï>  Gly 
>  Pro >  Asp, Leu >  Arg, Val

T he high G lu and A la levels are similar to results of van 
der Boon et al. (38) for Carassius auratus and of W ilson and 
Poe (44) for Ictalurus punctatus. T h e  high activities of 
G D H  and A laA T  measured by Jiirss and N icolai (15) and 
in this study are corresponding w ith  that. T he high G lu 
concentrations are understandable considering th a t in the 
liver of the goldfish (Carassius auratus) G lu is formed rap­
idly from Ala, Asp, Tyr and the branched chain  A A . In 
addition, G lu is released in larger quantities than  any other 
FA A  from nutritional (Table 1) and body proteins (10,45). 
G lu and A la are know n to be the favoured substrates for 
oxidation and gluconeogenesis in teleost liver (22,23,26). 
A dditionally, A la is preferred to  glucose for lipogenesis in 
trou t liver (11).

A lthough the portal vein directly links gut and liver, 
FAA seem to be taken up selectively during blood circula­
tion. A n  indication for this is th a t postprandial FAA levels 
in the liver do no t follow the pattern  measured in the m u­
cosa (present study) and in  the blood (27). Rem arkable in 
this contex t is a com parison of our results w ith those of

Ash et al. ( 1 ). These authors determ ined am ino acid profiles 
relating to blood drawn sim ultaneously from dorsal aorta 
and hepatic portal vein and calculated the  arterio-portal 
difference for 3-hr post-fed rainbow trout. T he greatest dif­
ferences were reported for A la and Gly, w hich in the m en­
tioned experim ent rose strongest 3 h r after feeding in  FW 
trout. As dem onstrated by Cam pbell et al. (3), for Ictalurus 
punctatus a t least for G lu, G in  and Asp transport into the 
hepatocytes is lim ited, maybe to avoid a “flooding” by FAA. 
O n  the o ther hand, as indicated by the high activities of 
GD H, A laA T  and A spA T, FA A  undergo a rapid transde- 
am ination. T h e  influence of salinity seems to occur only to 
the pre-fed levels o f Leu and Tau. A lthough concentration  
in the liver is lower th an  in  mucosa tissue Tau is similarly 
im portant for osmoregulation.

In conclusion, influence of salinity acclim ation is greater 
on  the intestinal mucosa than  on the liver. T he increased 
capacity of ion transport in the mucosa cells and the 
changes in the lum inal milieu seem to support the resorp­
tion  of FAA.
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