
HAL Id: hal-02714689
https://hal.inrae.fr/hal-02714689

Submitted on 1 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Protein synthesis in different tissues of mature rainbow
trout (Salmo gairdneri R.). Influence of triploidy

Benoit Fauconneau, Pierre Aguirre, J.M. Blanc

To cite this version:
Benoit Fauconneau, Pierre Aguirre, J.M. Blanc. Protein synthesis in different tissues of mature
rainbow trout (Salmo gairdneri R.). Influence of triploidy. Comparative Biochemistry and Physiology,
1990, 97C (2), pp.345-352. �10.1016/0742-8413(90)90152-Y�. �hal-02714689�

https://hal.inrae.fr/hal-02714689
https://hal.archives-ouvertes.fr


Camp. Biochem. Physiol. Vol. 97C, No. 2. pp. 345-352, 1990 
Printed in Great Britain 

0306~4492/90 $3.00 + 0.00 
Q 1990 Pergamon Press plc 

PROTEIN SYNTHESIS IN DIFFERENT TISSUES OF 
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(Received 24 May 1990) 

Abstract-l. The composition and protein synthesis rates of the liver, digestive tract, muscle, skin and 
remains were analysed in mature diploid (2.1 kg) and triploid (1.8 kg), 3 year-old rainbow trout reared 
at 8°C. 

2. The lipid and DNA concentration of the digestive tract were respectively 1617% and 30% higher 
in the triploids than in the diploids. 

3. The DNA and RNA concentration in the other tissues were relatively similar between the diploids 
and triploids, except in the male gonad. 

4. In viuo protein synthesis rates were measured using a single high dose injection of L-[U-“‘Cl-arginine 
(0.55 mmol/kg). 

5. A small amount of radioactivity was found in the lipid of the whole trout (2-3% of the injected dose). 
6. According to their mean Fractional Protein Synthesis Rates (FSR) of protein, tissues were ranked 

as follows: liver (1.644%.d~‘), male gonads (12-30%‘d-‘), digestive tract (7-9%.d-‘), skin (5%/d), 
carcass (0.40.6% .d-‘) and muscle 0.24.6%/d). 

7. The FSR in the liver of female diploid was almost 2 times higher than in that of the sterile triploids. 
8. The FSR in the muscle, carcass and male gonad were lower in the triploids than in the diploids. 
9. Mean whole body protein synthesis (WBPS) in the female and male diploids and in the sterile and 

male triploids was respectively 4.8, 3.1, 2.0 and 2.3 g/kg.d. 
10. The contribution of the muscle to WBPS was greatly lower than that of the liver, the gonad and 

digestive tract in all the fish studied. 

INTRODUCTION tissue metabolism of large triploid fish is available. 

In many species of fish, the development of the 
gonads is associated with a depletion of muscle and 
changes of tissues composition (Shulman, 1974; 
Tveranger, 1985). In the female, the metabolism of 
liver is stimulated during the vitellogenesis process. 
The consequences of such changes on nutrition and 
metabolism are not very well known (Phillips, 1972; 
Luquet and Watanabe, 1986). 

Both weight loss and mortality during the time of 
sexual maturation could be avoided and thus the 
production of large fish investigated using sterile fish. 
Induction of triploidy in salmonids was proposed for 
this purpose (Chourrout, 1980; Johnston, 1985) and 
only female triploids are sterile (Solar et al., 1984). 
Immature triploid trout show a lower growth rate 
than do diploid trout (Chevassus, 1986). After the 
spawning period, the body weight in triploid trout is 
higher than that in diploid trout (Chevassus, 1986). 
The difference of zootechnical performances and 
chemical composition between diploid and triploid 
has been well-analysed especially during sexual 
maturation but little information on whole body and 

The aim of the present study was to analyse in 
diploid and triploid rainbow trout the protein 
synthesis rate of some tissues and of whole fish during 
a given time of sexual maturation period. The 
contribution of different tissue-muscle, skin, liver, 
digestive tract and gonad-to overall protein 
synthesis was assessed. The rate of protein synthesis 
was measured using a large dose injection of labelled 
L-arginine in order to stabilize the extracellular and 
intracellular specific activity of that injected amino 
acid over a given period of time, using the flooding 
effect (Garlick et al., 1980; Pocrnjic ef al., 1983). 
Arginine was used because it is an essential amino 
acid in fish and it can be easily analysed. 

MATERIALS AND METHODS 

Fish 

Two groups of fish were constituted as follows: the eggs 
of different females were separated into two equal groups 
and fertilized with the sperm of different males (Choubert 
and Blanc, 1985). One group was submitted to a heat shock 
during fertilization (Chourrout, 1980) to induce triploidy, 
the second group was used as control. After a six month 
progeny test, the two groups were reared separately in our 
experimental hatchery (Lees Athas, SW of France) at 
8-10°C. The experiment was conducted at the end of the 
third year after fertilization, during sexual maturation of the 
diploid fish (September-October). Throughout this period, 
the fish were fed 1.3% body weight/day, one meal per day 
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of a commercial diet (Aqualim G.S.O., France). Twenty fish 
were sampled in each group for the assessment of protein 
metabolism. 

Triploidy was assayed by measurement of nuclear 
erythrocyte length (major axis) because it had been shown 
that the volume of erythrocyte, as well as that of erythrocyte 
nuclei, is significantly different in diploid and triploid 
rainbow trout (Benfey and Sutterlin, 1984). A sample of 
blood was used to make a blood smear, the cells were fixed 
with Giemsa’s fixative and the nucleae were stained 
selectively with blue Grunwald’s reagent (methylene blue- 
eosine). Measurements of 10 erythrocytes nucleae per fish 
were made (Table 1). 

Before and after the time of this experiment, 10 fish per 
group (only for the female diploids and the sterile triploids) 
were sampled monthly to assess growth rate and changes in 
body composition (Choubert and Blanc, in preparation). 

Fish manipulation and killing 

One hour after the meal, the fish were anesthetized 
(mono-phenyl-ether of ethylene-glycol, MPEEG 0.4 ml/l). 
They received a single injection of a saline solution (NaCl 
9g/l) of L-[U-‘4C]-arginine (CEA, France) in the caudal 
vein. In each fish 1.1 ml of this solution (0.45 mmoles of 
arginine/ml and 532.8 kBq/ml) yielded exactly 0.53 and 
0.61 mmol/kg of arginine and 310.8 and 351.5 kBq/kg 
respectively in the diploid and triploid trout. 

The fish were placed in individual tanks supplied with free 
running water for 30 or 120 min. At the end of these periods, 
the fish were caught and anesthetized (MPEEG 0.4 ml/l). A 
sample of blood (334ml/kg) was withdrawn and cen- 
trifuged. The plasma was collected and frozen until analysis. 
The liver was rapidly removed, rinsed in a cold saline 
solution (NaCl, 9 g/l), dried on an absorbent paper, and 
frozen in liquid nitrogen. The digestive tract was removed, 
emptied, and the internal part was rinsed gently first with 
distilled water, and then with cold trichloracetic acid 
solution (TCA 10% v/v). The gonads were removed. A piece 
of the skin was removed from the dorsal part of the fish. The 
main part (95%) of the epaxial musculature was removed by 
dissection. All the tissues and the carcass were weighed, 
frozen in liquid nitrogen as soon as possible and stored at 
-25°C until further analysis. The total procedure did not 
exceed 15 min. 

Tissue treafments 

The tissues were ground in liquid nitrogen and an aliquot 
fraction of 5 g was weighed. These samples were treated to 
extract free and protein-bound arginine as already described 
(Fauconneau Ed al., 1986a). The remainder of each tissue 
was freeze-dried. 

The lipids were extracted from freeze-dried samples of 
tissues, by three successive extraction with methanol/ 
chloroform solution (2: 1 v/v) and measured by weighing. 
The lipids were then dissolved in acetone and the total 
radioactivity was measured in the acetone solution. 

The nitrogen and energy content of pooled samples of 
freeze-dried tissues was measured respectively by the 
Kjeldahl method and by calorimetry using an adiabatic 
calorimeter. The protein content was assessed from the 
nitrogen content assuming that the nitrogen content of 
protein is 16%. 

Extraction of free amino acid and protein 

The tissues and plasma were first homogenized (Polytron) 
in a trichloroacetic acid solution (TCA 10% v/v) for 1.5 min 
and then centrifuged (5000 g, 15 min, 0°C). The supernatant 
was collected. This procedure was repeated four times. The 
successive supernatant or acid-soluble fractions were 
pooled. The acid was removed from these fractions by three 
successive homogenizations in diethyl ether and decan- 
tations. The aqueous solution was then concentrated (10 ml) 
by moderate heating (40°C) under vacuum. This concen- 
trate, called acid-soluble fraction, contained the free amino 
acid and the catabolites of the amino acids as well as other 
soluble metabolites. 

The acid-insoluble residue was neutralized by homogeniz- 
ation in sodium acetate/methanol solution (120 g/l, pH 7.0) 
and centrifugation (SOOOg, 15 min, 0°C). The lipids in the 
residue were extracted by two successive treatments (1 hr 
and 20 hr) with a methanol/chloroform solution (2 v/l v). 
The residue was filtered (GF/A filters, 1.7 pm, Whatmann), 
washed with ethanol and diethylether. The residue was left 
for 48 hr in a desiccator under vacuum, then ground and 
stored at -20°C. This residue, called acid-insoluble extract 
or protein extract contained the protein and the nucleic 
acids. An aliquot sample of this powder (20mg) was 
submitted to acid hydrolysis (HCl 5.5 N, 125”C, 24 hr). The 
acid from this solution was removed by several evaporations 
under vacuum, and by rinsing with distilled water, to obtain 
a final volume of 10ml. 

Separalion of free arginine and protein-bound arginine 

Arginine was separated from the other amino acids and 
from its catabolites by application on a cation exchange 
resin (Amberlite CG 50 in Nat form. pH 8.0) (Wu. 1959). 
An aliquot (1 ml) of the acid soluble fraction or of the 
protein hydrolysate was applied on 1 ml of resin. The 
arginine catabolites (especially guanidino-acetic acid) and 
the other amino acids were eluted by distilled water. 
Arginine was then eluted with sodium acetate solution 
(0.5 M). The quality of arginine separation was controlled 
in each batch of resin by the application of a standard 
containing L-[U-‘4C]-arginine (CEA, France) diluted in a 
standard hydrolysate (18 amino acids, Pierce Chemical Co.). 
With standards containing 25-250 nmol/ml of arginine, 
more than 95% of the arginine was collected in the second 
eluate. The level of arginine in the samples ranged from 10 
to 700 nmol/ml. In these samples, the percentage of radio- 
activity collected in the first eluate gave an estimate of the 
amount of catabolites in the labelled arginine. 

The amount of arginine was measured in the second 
eluate with the automated version (Bacchus and London, 
1971) of the Sakaguchi method (1951). The specific activity 
of arginine was assessed by the ratio between the radio- 
activity collected in the second eluate and the level of 
arginine in the eluate. In the protein hydrolysate the level of 
arginine was very high and the level of radioactivity was 
very low, so the specific activity of the protein-bound 
arginine was assessed with a high error. In the protein 
extract, the amount of radioactivity found in compounds 
other than arginine was under 5%. Thus, the specific activity 
of arginine in the protein was calculated by the ratio 
between the total amount of radioactivity in the protein 
extract, and the level of arginine in that extract. 

Table I. Mean erythrocytes nuclear length (pm) in diploid (2.1 kg body wt) and 
triploid (1.8 kg body wt) rainbow trout (Salmo gairdneri R.) 

Diploids Triploids 
Mean SD N Mean SD N 

Male 5.33 0.38 9 7.04 0.16 8* 
Female or sterile 5.06 0.25 II 6.98 0.42 12’ 
Mean 5.18 0.32 20 7.01 0.34 20’ 

‘Differences were significant (P < 0.001). 
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Due to a higher proportion of arginine catabolites in the 
acid-soluble fraction of liver than in that of other tissues, the 
arginine was further extracted by an alternative ion 
exchange chromatography. Samples (1 ml) of the liver acid- 
soluble fraction were applied on a cation exchange resin 
(2 ml of Dowex 50 W 2 x 8, H+ form, pH 5.5) according to 
the procedure of Adibi et al. (1975). The first eluate (6 ml 
of HCl 0.02N) contained the organic acids, the second 
eluate (7ml of NH,OH 2N) contained the acidic and 
neutral amino acids and the third eluate (8 ml of NH,OH 
4 N) contained arginine and the other basic amino acids. An 
estimation of the specific activity of arginine was obtained 
by the ratio between the total radioactivity in the third 
eluate and the arginine content in that eluate. 

Extraction and measurement of nucleic acids 

The procedure used to extract RNA and DNA (Schmidt 
and Thannhauser, 1945, modified by Munro and Fleck, 
1966) has succesfully been used in fish by Luquet and 
Durand (1970). The RNA was extracted from the acid-insol- 
uble extract by a basic hydrolysis (KOH 0.3 N, 37’C) for 
15 hr. Then, the solution was cooled (O’C) and neutralized. 
The DNA was precipitated by acidification with HClO, 
1.2 N and by centrifugation (SOOOg, 15 min). The residue 
was washed twice with HClO, 0.2N. The combined 
supernatant contained the RNA. 

The DNA was extracted from the residue by acid hydroly- 
sis (HClO, 0.5 N, 9O”C, 1 hr). After centrifugation (SOOOg, 
30 min), the supernatant was collected. A second hydrolysis 
was performed on the residue. The combined supematant 
contained the DNA. 

The RNA was measured calorimetrically with orcinol 
(Herbert et al., 1971) using yeast RNA (Sigma Chemical) as 
a standard. The DNA was also measured calorimetrically 
with diphenylamine (Burton, 1956) using salmon sperm 
DNA as a standard (Sigma Chemical). The yield of extrac- 
tion of the RNA and DNA, tested by the addition of a given 
amount of a standard in some samples, was 96 and 95% 
respectively. 

Measurement of radioactivity 

The radioactivity was measured by liquid scintillation 
counting @-Matic II, Roche-Kontron S.A.) and expressed 
as disintegration per minute (DPM). The aqueous samples 
were adjusted to a total volume of 5 ml and mixed with 
10 ml of the liquid scintillation reagent (Instagel, Packard) 
to obtain a gel. To measure the radioactivity in the protein 
extract, the powder was first dissolved in a basic solution 
(NaOH 0.8N, 37°C. 12 hr). 

Calculation of protein synthesis rate in dIrerent tissues 

The rate of protein synthesis ks (in %. d-‘) in tissues and 
in whole body was calculated according to Garlick et al. 
(1980). using the equation: 

ks = Sb(t-a-Sb(fl) 100 

f(Sa(t 1) + Su(f2)) ’ r2-tl (1) 

where rl and t2 are two times of incubation after the 
injection, Su(r 1) and Sa(f2) the respective specific activities 
of the amino acid in the soluble pool of the tissue and Sb(t 1) 

and Sb(t2) the respective specific activities of the amino acid 
in the protein of the tissue. 

In the above equation, the variability of Su is not used for 
the calculation of ks but by integrating equation (I), ks can 
be calculated by plotting Sb and Sa according to the 
following equation (Attaix et al., 1987): 

100 x Sb(t) = ks ,(Sa(f) x t) + 100 x Sb(t0). (2) 

The comparisons between ks values were made by covari- 
ante analysis. The statistical significance of differences 
between the groups of fish were assessed by ANOVA 
analysis (Snedecor and Cochran, 1971). Then the signifi- 
cance of the differences between the mean in two groups 
were tested by Student f-test. 

RESULTS 

Composition of the diploid and triploid trout 

The proportions of the different tissues were 
expressed as percentages of body weight without the 
gonads to take into account that some of the triploids 
were sterile (Table 2). 

Within the diploid trout, the body weight of the 
males was slightly lower than that of the females but 
this difference was not significant. The relative 
proportions of the muscle and liver in the female 
diploids were significantly higher than those of the 
male diploids. The mean empty body weight of the 
triploids was significantly lower (- 2%) than that of 
the diploids. The size of the gonads in the male 
triploids was similar to that in the male diploids. The 
relative proportions of the muscle in the sterile 
triploids and the male triploids were significantly 
different but similar to those of the female and male 
diploids. The relative proportion of the digestive tract 
in the sterile triploids was significantly higher than 
that in the mature diploids. 

The protein (N x 6.25) and lipid contents 
measured in pooled samples of some selected tissues 
in each group are reported on Fig. 1. The lipid 
content in the muscle and liver of the female diploids 
was lower than the same in fish of the other groups. 
The protein content in the digestive tract was very 
low in the triploids as compared with the diploids. 
The lipid and energy content in the digestive tract was 
higher in the triploids than in the diploids. 

Nucleic acids in the different tissues 

The DNA and RNA contents were measured in 
some selected tissues on pooled samples (Table 3). 
The amount of DNA was similar in the diploid and 
triploid muscle, and similar in the diploid and triploid 
liver of the same sex (sterile triploids assimilated to 
females). The DNA content in the triploid digestive 
tract was higher than that of diploids. The content of 
DNA in the male liver was higher than that of the 

Table 2. Relative tissue composition of diploid and triploid rainbow trout in the course of sexual maturation 

Gonado-somatic 
muscle 

Mean SD 

Body weight 
without gonads 
MeatI SD 

Composition (in % body weight without gonads) 
Latero-dorsal muscle Digestive tract Liver 

Meall SD Mean SD Mean SD 

Diploids 

Females N = I I 6.3 I.1 2038” 330 53.6” 4.3 1.3” 
Males N = 9 5.0 I.9 I 922”b 192 49.4b 2.8 1.7’ 

Triploids 

Sterile N = 12 I 786ab 323 52.7s 2.1 10.P 
Male N = 8 5.4 E 1673b 168 49.6b 1.5 7.1” 

Data indicated by different letter within each tissue were significantly different (P < 0.01). 

I.1 2.7” 0.4 
1.7 1.4b 0.1 

2.6 1.5b 0.4 
I.5 I .3b 0.2 
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Energy (MJ/IOO~ DM) 
loo _______-_____-I_ 

uw us 
uJ-5 

DIpbids Trlploids Dlplolds Trlplolds Olplotds Trlplolds 

Muscle Liver Digestive tract 

~:~ola, F:Female,S:Sterile 

Fig. 1. Protein (open bars), lipid (hatched bars) and energy (figures at the top of the bars) content 
(respectively in g and MJ per 100 g of dry matter) in different tissues: muscle, liver, digestive tract of diploid 
and triploid rainbow trout (1.8-2.1 kg body wt). Results are the mean of three determinations on pooled 

samples in each group. 

female diploids and sterile triploids. Finally, the 
DNA content in the male gonad was twice as low in 
the triploids as it was in the diploids. 

The RNA content of the muscle was higher in the 
male than in the female diploid and sterile triploids, 
but it was not different between trout of the same sex. 
The amount of RNA in the female diploid liver was 
higher (f 50%) than in that of the other groups. The 
RNA content in the triploid male gonad was higher 
than that of the male diploids. The amount of DNA 
and RNA in the female gonad was very much lower 
than that in the male gonad. 

Free arginine levels in the d@rent tissues (Tabie 4) 
fotiowing high dose injection of L -arginine 
(0.54.6 mmollkg) 

The level of free arginine in the plasma was higher 
than in the muscle, liver, carcass and skin and lower 
than in the digestive tract and male gonad. Between 
30 and 120 min after the injection, the level of free 
arginine decreased in the plasma of the diploids and 
triploids and in the muscle, carcass and digestive tract 
of the diploids. The level of free arginine in the whole 
trout was higher in the male diploids and triploids, 

Table 3. Mean DNA and RNA content {in mg of DNA and RNA per g of protein extract) in different tissues of diploid and 
trioloid rainbow trout in the course of sexual maturation (each datum was the mean of 4 determinations) 

MUSCk 
DNA RNA 

Liver Digestive tract Gonads Skin 
DNA RNA DNA RNA DNA RNA DNA RNA 

Diploids 
Female 
Male 

1.1” 
1 .O” 

9.1” 
10.8” 

8.4” 
Il.46 

80.2& 
52.2b 

5.2” 
5.8” 

54.38 
52. I” 

0.5’ 
241 .3b 

8.2” 
28.lb 

2.v 
2.9” 

14.2” 
24.0’ 

Triploids 
Sterile 0.9” 8.V 8.0” 55.3b 6.9” 56.8& - - ND 
Male I .O” 10.6’ 13.6b 50.9b 8.0” 4O.Ob I 24.6b 36Xb ND 

In each tissue data indicated by different superscripts were significantly different (P < 0.05). 

ND 
ND 

Table 4. Free arginine content (in pmoles’g-.’ tissue) and specific activity of free arginine in different tissues of female diptoid 
rainbow trout, at two time points after injection of a large dose of L-C ’ “C-arginine (0.5-0.6 mmol/kgg’, 33.2 dpm.nmoIes-‘) 

Digestive Whole 
Plasma Muscle Carcass’ Liver tract Gonads Skin body 

Free arginine content 
30 min 

120 min 

Specific activity 
0T free arginine 

30 min 

120 min 

2.26 
(1.48) 
I .I3 

(1.59) 

30.2 

(2.8) 
28.1 

(2.0) 

0.49 
(0.27) 
0.39 

(0.04) 

14.7 

(6.2) 
14.0 

(3.9) 

0.90 
(0.10) 
0.75 

(0.08) 

12.4 

(2.6) 
9.6 

12.9) 

0.67 
(0.53) 
0.64 

(0.21) 

10.0 

(9.0) 
6.0 

(3.0) 

9.0 
(3.7) 
6.8 

(4.2) 

16.0 
(9.0) 
13.0 
(5.0) 

0.85 1.1 
(0.16) - 
0.87 1.0 

(0.19) - 

14.0 11 .o 
(10.0) - 
19.0 11.4 

(12.0) - 

0.80 
(0.22) 
0.66 

(0.20) 

11.4 
(1.2) 
9.7 

(1.7) 

*Carcass without muscle. 
Differences between 30 and 120 min are significantly different (P -z 0.05). 
( )Standard deviation. 
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Table 5. Fractional rate of protein synthesis (%.d-‘) in different tissues of diploid and triploid rainbow trout in 
the course of sexual maturation 

Mu& Carcass Liver 
Digestive 

tract Gonads Skin 
whole 
bodv 

349 

Diploid 
Female 0.38’ 0.63” 43.7” 0.68 1.84” 

(0.02) (0.10) (7.2) (0.1 I) (1.17) 
Male 0.59b 0.4gb 28,6b 7.0” 31.3s 1.19” 

(0.03) (0.04) (7.2) (1.1) (4.5) (0.90) 
Triploid 

Sterile 0.23’ 0.61’ 16.3’ 9.2b - 
(0.03) (0.05) (2.3) (1.0) (::: 

Male 0.26c 0.43b 30.P b 12.7b 1.38 
(0.03) (0.04) (7.7) (E) (3.5) - 

( )Standard deviation. 
Values indicated by different letters within each tissue are significantly different (P < 0.01). 

2.09” 
(0.16) 
2.10’ 

(0.17) 

1.07b 
(0.12) 
1.37h 

(0.21) 

0.94 and 0.69 pmol/g respectively, than in the female 
diploids and sterile triploids, 0.73 and 0.58 pmol/g, 
respectively. 

Total radioactivity collected in the d@erent tissues 
after the injection of L-[ U-l4 Cl-arginine 

More than 70% of the radioactivity injected was 
collected in the acid-soluble and arid-insoluble 
fractions of the whole trout. A small amount of the 
radioactivity was measured in the lipid: 1.7-3.4% of 
the radioactivity injected. The amount of radioac- 
tivity measured in the lipid of the triploids (3.0% of 
the injected dose) was higher than that of the diploids 
(1.9%). The radioactivity in the lipid of the viscera of 
the sterile triploids was more than twice that of fish 
in the other groups. More than 50% of the lipid 
radioactivity was in the carcass. 

Catabolites of labelled arginine in the d@erent tissues 

The proportion of radioactivity measured in 
compounds other than arginine in the acid-soluble 
fraction of the plasma, muscle, carcass, skin and 
gonads was below 2&25%. In the male diploids and 
triploids, the percentage of catabolites in the digestive 
tract and in the liver were respectively higher than 
25% and 40%. These percentages of the soluble 
arginine catabolites were lower in the liver and 
digestive tract of the female diploids than in those of 
the other groups. 

SpeciJic activity of free arginine in the different tissues 
and in the whole trout after the injection of L-[U-14 Cl- 
arginine (Table 4) 

The specific activity of free arginine in the plasma 
was not very different from that of arginine in the 

dose injected (33 DP~/nmole). The specific activities 
(SA) of free arginine in the tissues were 2-3 times 
lower than those in plasma. There were no significant 
differences between the different groups in the specific 
activities of arginine in each tissue. 

Rate of protein synthesis in the different tissues and in 
the whole trout (Table 5) 

The rate of protein synthesis was lower in the 
muscle, female gonad and carcass than in the other 
tissues such as the liver, digestive tract, skin and male 
gonad. Muscle protein synthesis rate of the female 
diploids and sterile triploids was lower than that of 
the male diploids and triploids. Protein synthesis rate 
in the muscle, carcass, skin and male gonad of the 
triploids was lower than that of the diploids of the 
same sex. On the contrary, digestive tract protein 
synthesis rate of the triploids was similar and even 
slightly higher than that of the diploids. Finally, liver 
protein synthesis rate of the female diploids was 
almost two times higher than that of the male 
diploids and triploids. 

The fractional rate of protein synthesis in the whole 
body was calculated using SA of free arginine in the 
different tissues and the relative contribution of 
individual tissues to whole body free arginine for 
assessment of whole body SA of free arginine and 
SA of protein-bound arginine and the relative 
~ont~bution of individual tissues to whole body 
protein to assess whole body SA of protein-bound 
arginine. Whole body protein synthesis rate 
was higher in the female diploids than in the male 
diploids and lower in the sterile triploids than in the 
male triploids, but these differences were not 
significant. 

Table 6. Absolute amounts of protein synthesized (g protein.kg-‘. d-‘) in different tissues of diploid 
and rainbow trout in the course of sexual maturation 

Muscle Carcass Liver 
Digestive 

tract Gonads 
Whole 
bodv 

Diploid 
Female 0.21” 0.32* 1.24’ 0.11” 0.07” 1.95= 

(0.01) (0.05) (0.21) (0.01) (0.01) (0.14) 
Male 0.26b 0.24b 0.42b 0.12* 1 .96b 3.OOb 

(0.01) (0.02) (0.11) (0.02) (0.28) (0.25) 
Triploid 

Sterile 0.135 0.2Sb 0.215 0.08b 
(0.01) - 

0.74c 
(O&) (0.02) (0.03) (0.08) 

Male 
(0.02; 

0.27b 0.3gb 0.1 O’b 0.59c 1.59’ 
(0.03) (0.09) (0.01) (0.16) (0.24) 

( )Standard deviation. 
Values indicated by different letters within each tissue are significantly different (P c 0.01). 
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The rate of protein synthesis observed in the 
different tissues (Table 5) was correlated with the 
RNA/protein ratio (Table 3): siope = 1.0, r2 = 0.97, 
N = 12, if the results obtained on the liver of females 
were excluded. 

Whole body protein synthesis and contribution of 
d@erent tissues (Table 6) 

Whole tissue protein synthesis was calculated using 
tissues FSR and protein concentration and the rela- 
tive size of individual tissues. It was also calculated 
for whole body. 

The whole body protein synthesis (WBPS) was 
higher in the female diploids: 1.3 g protein/kg body 
weight/day than in the male diploid: 0.8 g/kg/d and 
the triploids: 0.9 g/kg/d. 

Total protein synthesis in the muscle, female gonad 
and trout remains of the diploids was lower than in 
the liver of male and female diploids, digestive tract 
and male gonad (Table 6). Differences between total 
protein synthesis in the tissues were similar in the 
triploids with lower figures in the muscle, male 
gonads and trout remains. Thus, the contribution of 
the muscle to the WBPS was low (below 10%) when 
compared to its contribution to the whole body 
protein content. 

DISCUSSION 

Validity of the method 

The method of injection of a large dose of an 
amino acid (Garlick et al., 1980) was used to flood the 
intracellular pool of the different tissues with a 
labelled amino acid so that its specific activity is 
stabilized during a given period of time. In this 
experiment, the amount of arginine injected: 
0.5-0.6 mmol/kg (Haschemeyer, 1983; Pocrnjic et al., 
1983; Houlihan et al., 1986) was large enough to 
increase the free arginine content in the plasma up to 
ten times and that in the muscle and liver up to two 
or three times the normal level of arginine in these 
tissues (Gras et al., 1978; Medale et al., 1987). 
Within two hours after the injection the SA of 
free arginine in the different tissues was stabilized. 
Thus the theoretical conditions of a flooding effect 
were realized according to the level of unlabelled 
arginine. 

Another goal of the method is to reach, in the 
different tissues, the same specific activity as that in 
the plasma and, theoretically, as that in the injected 
dose. Loughna and Goldspink (1985) postulated that 
it is not possible to obtain such an effect in fish, 
because the rates of distribution and transport of free 
amino acids are lower in fish than in mammaIs. In 
fact, with a relatively low dose of amino acid injected 
(0.5 mmol/kg), the specific activity of the labelled 
amino acid in the muscle and liver was lower than 
that in the plasma (Pocrnjic et al., 1983; Houlihan et 
al., 1986) and in this experiment the SA in the tissues 
was around 50% that in the plasma. The arginine 
solution injected (960 mM, in a small volume 1 ml) 
have effectively swamped the plasma, but may have 
been selectively withdrawn by some tissues, the liver, 
digestive tract and gill and then actively catabolized 
or excreted. It was supposed that such stimulation of 
amino acid catabolism, which occurs also with a large 

dose injection of phenylalanine, did not have any 
effect on protein synthesis. 

Finally, the results obtained should be more related 
to those of an infusion of a trace dose of an amino 
acid with a stabilization of the specific activity of the 
amino acid in the precursor pool for protein 
synthesis. The main consequence on the validity of 
our results was that protein synthesis rate could be 
overestimated as is the case for other results obtained 
with the infusion method (Smith, 1981; Loughna and 
Goldspink, 1984). 

Protein metabolism in large j&h 

The general pattern of protein synthesis in the 
different tissues of trout, i.e. high rates of protein 
synthesis (more than 10%/d) in the active organs such 
as the liver, digestive tract and male gonad and very 
low rates of protein synthesis (below 0.5%/d) in the 
white muscle, was similar to that generally observed 
in fish (Fauconneau, 1985; Houlihan et al., 1986). 

The rate of protein synthesis observed in the 
different tissues (muscle, digestive tract and liver) and 
in the whole trout was similar and even lower in this 
experiment than that observed in growing trout 
(Smith, 1981; Fauconneau and Arnal, 1985; Loughna 
and Goldspink, 1984, 1985; Houlihan et al., 1986). 
These differences could be related to the decrease in 
the proteosyntheti~ activity of fish with aging 
(Fauconneau, 1985; Houlihan er al., 1986). In the 
muscle, using our data and other availabie data 
(Fauconneau et al., 1981; Smith, 1981; Houlihan et 
al., 1986), a linear relationship was drawn between 
the fractional protein synthesis rate of the muscle and 
the specific growth rate of the whole fish (Fig. 2). It 
means that from 100 g to 2 kg a decrease in the 
specific growth rate of the whole trout, is linked to a 
decrease in the FSR of the muscle. The slope of this 
linear regression (1.8), was close to that calculated in 
growing pigs (2.2) and in growing malnourished 
children (1.4) (Young ef al., 1985). Thus in trout, high 
rates of protein deposition ~accretion) in the muscle 
and consequently in the whole trout could be 
achieved with higher yield than that in fast-growing 
mammals but not as high as that in recovering 
malnourished children. 

Protein metabolism in diploids during sexual 
maturation 

In the female, the growth of the gonad was 
compensated for by a decrease in the proportion of 
the digestive tract and whole eviscerated carcass. As 
already described by Tveranger (1985), fat content in 
the muscle and remains was lower in the female than 
in the male. The fractional rate of protein synthesis 
of muscle was also greatly reduced (60%) in the 
female as compared with the male but this was not 
the case as regards the digestive tract, trout remains 
and skin. 

In the female, during the phase of vitellogenesis a 
large increase in the activity of the liver is observed 
with a very high stimulation of the protein synthesis 
machinery for the synthesis of vitellogenin (Bohemen 
et al., 1981). This was true in our experiment where 
the females, as compared to the males, had a higher 
hepatosomatic index (+ SO%), a slightly lower size of 
hepatocytes (+30% of DNA content) and a higher 
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Specific growth rate of whole fish in rainbow trout 

(Solmo pmrdneri R.) (% /d 1 
Fig. 2. Relationship between fractional rate of protein 
synthesis in white muscle and specific growth rate of whole 

body in rainbow trout at different body weights. 

activity (total RNA content and total amount of 
protein synthesized respectively 3 and 4 times higher). 
More than 50% of whole body protein synthesis was 
directed toward the synthesis of protein in the liver. 
Such changes in the liver are under the control of 
oestrogens (Bohemen et al., 1982; Haux and Norberg, 
1985; Maitre et al., 1985). 

In the male diploids which expressed a higher 
specific growth rate (0.6%/d) than that of the females, 
the build-up of gonad was nearing completion (some 
of the males were spermiating). The rate of protein 
synthesis in the gonads was as high as that in the liver 
and digestive tract. Thus, more than 60% of whole 
body protein synthesis was being carried out in the 
“visceral tissues” (liver, digestive tract and gonads), 
and only a small part in the muscle (l&20%), even 
if the fractional rate of protein synthesis in muscle 
was as high as that observed in 200 g trout (Loughna 
and Goldspink, 1985). 

Protein metabolism in triploid trout 

The relative proportion of tissues and the body 
composition of male triploid and diploid were similar 
(Lincoln and Scott, 1984). The most important differ- 
ences were oberved between female diploid and sterile 
triploid with respect to the size and protein content 
of liver and the size and lipid content of digestive 
tract. The same differences in lipid content of triploid 
and diploid mature trout have been reported (Lincoln 
and Scott, 1984; Chevassus, 1986) and this was 
observed especially in the digestive tract. The activity 
of adipose cells of the perivisceral fat might explain 
the fact that in the digestive tract, the fractional rate 
of protein synthesis in the triploids was similar to that 
in the diploids, when it was lower in the muscle. The 
orientation of the metabolism of sterile triploids 
toward lipogenesis in visceral tissues should have 
been a consequence of the alteration of the hormonal 
state of these fish. The absence of circulating 
oestradiol and the low level of circulating testoster- 
one (Lincoln and Scott, 1984) might have altered 
utilization of substrate in these fish (Habibi and Ince, 
1983). 

The DNA and RNA contents in the different 
tissues, and especially in the muscle, of the triploids 
and the diploids were similar. Thus, it was concluded 
that cell size and the amount of muscle syncitium 

controlled by a nuclear were higher in the triploids 
than in the diploids. This has only been demonstrated 
by histological observations in the gonad (Lincoln 
and Scott, 1984; Solar et al., 1984). These differences 
are not associated with any significant alteration in 
the energy metabolism and in the nitrogen budget of 
triploids (Benfey and Sutterlin, 1984; Oliva-Teles and 
Kaushik, 1985; Fauconneau et al., 1986). But the 
proteosynthetic activities of the different tissues 
(absolute rate of protein synthesis and protein 
synthesis per unit DNA or unit RNA) were lowered 
in the triploids compared to that in the diploids. This 
could explain also the lower growth rates (- 10 to 
- 15%) of triploids as compared with the diploids 
(Chevassus, 1986). 
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