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Growth hormone (GH) has been shown to have a pro-
found impact on fish physiology and metabolism. How-
ever, detailed studies in transgenic fish have not been
conducted. We have characterized the food conversion
efficiency, protein profile, and biochemical correlates of
growth rate in transgenic tilapia expressing the tilapia
GH cDNA under the control of human cytomegalovirus
regulatory sequences. Transgenic tilapia exhibited
about 3.6-fold less food consumption than nontransgenic
controls (P < 0.001). The food conversion efficiency was
significantly (P < 0.05) higher (290%) in transgenic tila-
pia (2.3 = 0.4) than in the control group (0.8 = 0.2). Effi-
ciency of growth, synthesis retention, anabolic stimula-
tion, and average protein synthesis were higher in
transgenic than in nontransgenic tilapia. Distinctive
metabolic differences were found in transgenic juvenile
tilapia. We had found differences in hepatic glucose, and
in agreement with previous results we observed differ-
ences in the level of enzymatic activities in target or-
gans. We conclude that GH-transgenic juvenile tilapia
show altered physiological and metabolic conditions

and are biologically more efficient. © 2000 Academic Press

World fish and shellfish production must be in-
creased through aquaculture with the application of
biotechnology. Among target traits for manipulation,
growth has been the must successfully improved, both
through the use of various preparations of exogenous
homologous or heterologous GH delivered via injection,
orally or by gill penetration (1-10) and by the transfer
of GH transgenes (11). However, the exogenous admin-
istration of GH to fish is not yet sufficiently practical
for commercial aquaculture. Genetically manipulated
or transgenic fish, on the other hand, are about to enter
commercial exploitation for several species (12).
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Endogenous and exogenous GH profoundly influence
intestinal absorption and renal reabsorption of nutri-
ents, food conversion efficiency, protein, lipid and
amino acid metabolism, total N-retention and muscle
amino acid profile in fish and mammals (8, 9). There-
fore, the characterization of these processes in GH-
treated or transgenic fish is of special relevance for
understanding the effects produced by ectopic GH.

Previously we have reported the generation of trans-
genic tilapia with improved growth performance (13,
14). These tilapia express low ectopic levels of tilapia
GH (tiGH) (13-17). Here we present the results of a
series of correlated simultaneous experiments in which
growth, food consumption, conversion efficiency and
the activity of key metabolic enzymes in muscle, liver
and plasma were monitored for transgenic tilapia. The
aim of the study was to examine the relation between
consumption and growth and between biochemical cor-
relates of growth rate in transgenic and nontransgenic
tilapia to help to understand the effects produced by
the ectopically expressed GH.

MATERIALS AND METHODS
Animals

Male transgenic 1G91-03/F70 (F70) and nontransgenic tilapia (Oreo-
chromis sp.) were supplied by Mamposton (San José, Havana, Cuba)
and maintained in the laboratory at 28°C in running aerated water in
groups of 15 animals in 500 liter aquaria for 1 week before beginning
the experiments. Tilapia were kept throughout in a 14 h light:10 h dark
photoperiod and fed, unless otherwise indicated, to repletion twice daily
with fish pellets (CENPALAB, Havana, Cuba). Juvenile and adult
tilapia were considered when having around 100 and 300 g, respec-
tively, grown under production conditions.

Experiment 1: Food Conversion Efficiency

Animals and husbandry. Twenty size-selected tilapia (average
wet weight 107 = 14 g) were acclimated in a 500 liter aquaria and fed
with commercially prepared pellets (CENPALAB,Havana, Cuba).
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Daily rations equivalent to 2% of the body weight were administered
twice a day until they were used in the experiments.

Preparation of food pellets. Pellets labeled with glass beads were
prepared by mixing the commercial food pellets with 3.7% vegetable
oil, 1.8% carboxymethyl cellulose (CMC), 9.2% powder milk, distil-
late water and glass beads in a ratio of 153 = 8 beads (0.5 mm) per
gram food pellets. Pellets were formed following compression of the
mix through a silicon applayer with a 2 mm diameter, and dried
during 24 h at 26°C.

Experimental procedure. Two experimental groups of 10 animals
each, containing 7 males and 3 females (109 = 14 g) and 6 males and
4 females (104 = 15 g) of nontransgenic and transgenic F2 heterozy-
gous tilapia respectively, were separated in aquariums of 500 L each.
The experiment was conducted during five weeks with weekly mea-
surements of individual fish weight and food consumption using
radiography. Tilapia were fed three times daily with commercial food
pellets (ratio = 4% total fish weight), except on the day where
measurements were conducted. This day tilapia were fed once with
the same ratio of food pellets labeled with glass beads to allow X-ray
diffraction two h later. Food not consumed 1 h after feeding was
removed from the tank.

Experiment 2: Biochemical Correlates of Growth Rate

All the parameters, unless otherwise indicated, are expressed in
fractional rates (percentage of the protein mass per day (%day ') (18).

Growth rates. Growth rates of whole animals were measured in
groups of juvenile tilapia of similar weight. At the beginning of the
experiment, 10 transgenic and non transgenic tilapia with an average
weight of 100 = 8 g and 102 = 7 g, respectively, that had been kept as
described above were killed and weighed, and the weight and protein
content of the tissues were determined as described below. These ani-
mals were termed the weight control group. A further 10 transgenic and
nontransgenic tilapia with a similar initial weight were weighed indi-
vidually every 1 week. On each occasion the fish were not fed 1 day prior
to weighing, and they were quickly rolled in a slightly damp cloth to
remove surface moisture. After 42 days final weights were taken and
the growth rate was calculated as the percent increase per day

% growth rate = We — Wy X @

W, 42
where W, and W, are the live weights at the beginning and after the
6 week period, respectively.

Fish were then fed for a further day, denied food for 12 h, and
injected with a flooding dose of phenylalanine in order to determine
the rates of protein synthesis as described below. Immediately after
the animals were killed, two portions of the white muscle of 0.1 g
were taken. Protein content of tissue samples was determined as
described below. The white muscle was removed on one side along
the backbone. The entire fillet was then weighed and the weight was
doubled to give the total white muscle weight. The total protein
content of the tissues were estimated by multiplying the milligrams
of protein per gram fresh weight for the samples taken for the
analysis of protein content by the total fresh weight of the tissue.
These estimates were carried out for each fish used. The rate of
increase of tissue protein (mg protein day *) was calculated by sub-
tracting the mean protein content of white muscle tissue as deter-
mined from the initial weight control group. This estimate of the rate
of growth at the time of death was compared with the rate of protein
synthesis.

Rate of protein synthesis. The measurement of tissue fractional
protein synthetic rate from the incorporation of radioactive phenyl-
alanine was based on the method of Garlick et al. (19). On the day of
injection food was withheld, and the fish was injected into the caudal
vein. The injection solution contained 150 mM L-phenylalanine and
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L-[2,6-*H]phenylalanine (Amersham, UK) at 167 uCi/ml in phos-
phate buffered saline, pH 7.4. The dose was 0.35 ml/100 g body
weight. After the injection the fish were returned to aerated fresh
water at 28°C, where they recovered immediately and rested quietly.
Twenty and 40 min after the injection, five transgenic and nontrans-
genic tilapia were Killed by a blow to the head and a sample of white
muscle was taken as described above. Tissue samples were weighed
and immediately homogenized in 2 ml of 2% perchloric acid. After
centrifugation the supernatant was used to measure the specific
radioactivity of homogenate free L-phenylalanine (S,).

The precipitate containing the protein was washed once in 2%
perchloric acid, twice in 95% alcohol, and once in ether. It was
resuspended in 2 M NaOH and incubated at 37°C overnight. Protein
determinations were carried out on the resulting solutions using the
method of Lowry et al. (20) with bovine serum albumin as a standard.
Protein-bound phenylalanine was obtained by reprecipitating the
protein in 2 M NaOH with 10% perchloric acid and hydrolyzing it in
5 ml of 6 N HCI for 24 h at 110°C. The HCI was removed by
evaporation to dryness, and the amino acids were resuspended in 0.5
M sodium citrate, pH 6.3. Specific radioactivity of the free pools and
the protein were then determined using a liquid scintillation counter
1214 RACKBETA (LKB, Sweden) using Aquasol (NEN, USA) and a
4151 Alpha Plus amino acid analyzer (LKB, Sweden) to determine
the nanomolar amount of phenylalanine in the samples. The exper-
imental results were obtained as S,, the specific radioactivity of free
L-phenylalanine (cpm/nmol) and Sg, the specific radioactivity of
protein-bound phenylalanine (cpm/nmol). The fractional rate of pro-
tein synthesis, K, as a percentage of the protein mass synthesized
per day was calculated as Pocrnjic et al. (21)

100
t2-t1”’

_ SB(TZ) - SB(Tl)

Ks

Saz-t1)

where Sg,, is the protein-bound specific radioactivity at the experimen-
tal time t2. Sg, is the average incorporation at an earlier time (20 min).
Sawu IS the average free-pool specific radioactivity over the period t2-t1.
The value for Ks was calculated as an average of the results from five
transgenic and nontransgenic tilapia. Finally, the average K value was
multiplied by the total amount of protein in the tissue of individual fish
per 1440 to give the milligrams of protein synthesized per day per fish.
Data is given as mean = SD or average values as indicated.
Fractional protein growth rates (K,% per day) expressed as a
percentage of the protein mass were calculated for individual fish
from the initial and final whole body protein content (22). The initial
protein content for for each fish was estimated by using the mean
whole-body protein content of the initial group. Transgenics animals
5.1 =+ 1.22, n = 10 and nontransgenics animals 7.2 = 1.09, n = 10.

Ration consumption. Fraction of food protein ingested was esti-
mated from data of food supplied (2.4 %day ' equivalent to 1.2
gday ' of pellets with 33.5% protein content) and food intake ob-
tained from experiment 1.

Biochemical correlates. Houlihan et al. (18) have shown that bio-
chemical correlates of growth rate could be represented by the equation
y = ax + b, where for the correlates examined in our experiments:

X y b

Protein synthesis, K,  Synthesis retention
efficiency, KJ/K,

Growth efficiency, K /K,

Anabolic stimulation

efficiency, KJ/K,

Growth rate, K,

Ration, K,
Ration, K,

Growth rate, K,
Protein synthesis, K,

Biochemical Analyses

Ten juveniles and eight adults transgenic and nontransgenic tila-
pia were used per group. Mean weights for the groups were 100 = 8 g
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TABLE 1
Experiment 1: Growth Efficiency in Transgenic and Nontransgenic Juvenile Tilapia

Parameters Transgenic (T) Nontransgenic (NT) (T/NT) x 100
Initial weight (W1, week 1) (9) 104.8 £5.9 109.7 £5.9 —
Final weight (W2, week 5) (g) 126.2 = 8.6 137.5 + 10.7 —
Total food intake (TFI) (g) 9.1 +£1.8* 33.0 £ 5.2* 28%
Relative food consumption rate [TFI/(W1 X 35 days)] 0.002 *= 0.003* 0.009 + 0.01* 22%
Food conversion efficiency (total fish weight gain/TFI) 2.3 = 0.4** 0.8 = 0.2** 290%

Note. Tilapias were weekly weighted and the food intake was determined to calculate the parameters of growth efficiency. Values are the

average = SE (N = 10). *P < 0.001, **P < 0.05 (Student t-test).

(juvenile transgenics), 101 = 7 g (juvenile nontransgenics), 316 =+
28 g (adult transgenics) and 293 + 19 g (adult nontransgenics). The
activity of glutamate oxaloacetate transaminase (GOT), glutamate
pyruvate transaminase (GPT) and lactate dehydrogenase from liver,
muscle and plasma was assayed enzymatically, glucose was deter-
mined by the glucose oxidase method and lactate was determined by
a spectrophotometric method, all employing commercial kits (Sigma,
USA or Boehringer Manheim, Germany) and following manufac-
turer's recommendations. Hepatic glycogen was analyzed by the
Pflugér method (23). Assay of pyruvate kinase activity was performed
as described by Plisetskaya et al. (24). Protein was determined by the
method of Lowry et al. (20). One gram of homogenized muscle from
each fish was dried in an oven at 100°C for 24 h. The initial wet and
dried weights were used to compute the moisture content.

Determination of RNA/DNA/Protein Indexes

Employing the same animals as for biochemical analyses, total RNA
(25), DNA (13) and protein (26) content in 1 g of white muscle were
determined. The RNA/DNA, RNA/protein and protein/DNA indexes
were calculated as described by Sun and Farmanfarmaian (8).

Morphometric Analysis

Employing the same animals as for biochemical analyses, the
hepatosomatic index was determined, for each fish, as the weight of
the liver relative to total body weight X 100.

Statistical Analysis

The results between transgenic and nontransgenic tilapia, when
possible, were compared employing a Student t-Test.

RESULTS

We have previously obtained and characterized a
fast-growing GH-transgenic tilapia line (13-17). The

enhanced growth produced by the ectopic expression of
tiGH in this transgenic tilapia could be due to in-
creased food consumption and/or improved food conver-
sion. To differentiate these two possible mechanisms,
the total food consumption was carefully recorded
weekly. When relative food consumption rate was cal-
culated, it was found that transgenic tilapia, when
compared to nontransgenics, had a lower food con-
sumption rate (Table 1). Furthermore, the food conver-
sion efficiency was increased by 290% (Table 1).

Transgenic tilapia grow 60-80% faster than non-
transgenic siblings (14). However, under the experi-
mental conditions employed here, specific growth rates
were similar in both experimental groups (0.6 = 0.2
%day ). This fact could be explained by rearing under
laboratory conditions that are not optimal for growth.
Nevertheless, the data obtained and the analyses con-
ducted by us are valid as we compared experimental
groups with similar specific growth rates but different
biochemical and metabolic requirements due to the
transgene expression.

Average protein synthesis and protein growth (P <
0.05) was higher in transgenic than in nontransgenic
tilapia (Table 2). Transgenic tilapia also showed a
lower ration consumption (Tables 1 and 2). Therefore,
the efficiency of growth, synthesis retention and ana-
bolic stimulation were higher in transgenic tilapia.

The GH exerts its growth-promoting action through
different metabolic pathways. Previous results had
shown differences in free alanine and aspartic acid
levels in the muscle of juvenile transgenic tilapia (14).

TABLE 2
Experiment 2: Biochemical Correlates of Growth Rate in Juvenile Tilapia

Coefficient Transgenic (T) Nontransgenic (NT) Increment (T/NT)

Protein synthesis, K (% day ") 0.35 0.17 2

Protein synthesis per day (% mg day %) 0.078 = 0.02* 0.028 + 0.004* 2.7
Protein growth, K, (% day ™) 0.26 = 0.06** 0.15 = 0.03** 1.7
Ration consumption, K, (% day ) 0.7 2.4 3.6
Growth efficiency, K /K, (%) X 100 37.4 6.45 5.7
Protein synthesis retention efficiency, K./K, (%) X 100 1335 64.5 2

Anabolic stimulation efficiency, KJ/K, (%) X 100 50 4 12.5

Note. Average = SD (N = 10), *P < 0.01, **P < 0.05 (Student t-test).
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TABLE 3

Biochemical and Morphometric Analyses Conducted in Juvenile Tilapia

Plasma Liver Muscle

Parameters Transgenics Nontransgenics Transgenics Nontransgenics Transgenics Nontransgenics
GOT 284 * 54 pU/mg 246 * 66 pU/mg 214 + 23 mU/mg*  49.3 £ 6.5 mU/mg*  99.2 + 13.6 mU/mg*  57.5 + 13.3 mU/mg*
GPT 26.3 + 6.7 uU/mg  18.2 * 10.4 uU/mg 6.0 = 1.1 mU/mg*  28.4 + 3.4 mU/mg* 6.8 = 0.9 mU/mg* 3.3 = 0.6 mU/mg*
LDH ND ND 2.1 + 0.2 mU/mg 2.1 + 0.4 mU/mg 7.5 * 1.2 mU/mg 6.4 + 0.6 mU/mg
Lactate ND ND 550 * 83 uM 400 = 55 uM 49 *0.2mM 56 0.3 mM
Pyruvate kinase ND ND 0.20 = 0.02* 0.10 = 0.01* — —
Glucose 1.2 +0.2mM 1.5+*0.2mM 40.8 = 2.8 mM* 54.2 + 3.9 mM* 0.34 = 0.06 mM 0.38 = 0.06 mM
Glycogen ND ND 0.28 = 0.06 mmol/g  0.27 + 0.03 mmol/g ND ND
Hepatosomatic Index ND ND 2.4 +0.1% 2.4+ 0.2% ND ND

Note. Values are the average = SD (N = 10). *P < 0.05 (Student t-test). ND, not determined.

An increase in the GOT and GPT transaminases was
found at this stage of life in transgenic fish, but not in
lactate dehydrogenase enzyme activity, neither in the
lactate nor glucose levels in muscle tissue (Table 3).
Transgenic juvenile tilapia had lower hepatic glucose
and a higher pyruvate kinase activity, showing an en-
hanced glycolysis when compared to nontransgenics
(Table 3). There were no differences regarding the lev-
els of lactate and glycogen, neither in the hepatoso-
matic index between transgenic and nontransgenic ti-
lapia (Table 3). In adult animals, no differences were
found in the parameters measured (Table 4).

The total contents of RNA, DNA and protein were
measured in juvenile and adult muscle of transgenic
and nontransgenic tilapia. No differences were found
except in the d RNA/protein index in transgenic and
adult muscle, respectively (Fig. 1).

DISCUSSION

The transfer of GH transgenes has resulted in
growth acceleration of economically important fish spe-
cies (11). However, how much of this growth improve-
ment is due to higher ration consumption or to better
growth efficiency has not been determined. This is a
fundamental question for biological studies and for
cost-effective analysis.

Higher growth rates have been shown to be the
result of reduced maintenance costs and increased
metabolic efficiency (18). In bovine GH (bGH)-
injected striped bass hybrids an increase in the spe-
cific growth rate and food conversion efficiency with-
out significant alteration of food consumption rate
has been reported (8, 9). Due to the treatment with
bGH, the relative nitrogen retention increases by
20% together with the intestinal nutrient absorption
(27). Four weeks of GH treatment do not signifi-
cantly alter water, nonprotein nitrogen, protein ash
and fiber content when expressed as percent of fresh
tissue weight. The mean DNA concentrations (mgg "
tissue) do not show any appreciable change but the
mean RNA/DNA and protein/DNA ratios are signif-
icantly higher for the treated fish (8, 9). Further-
more, GH treatment results in a significant variation
in the level of some amino acids (27). Also, trout with
higher protein growth efficiency are more efficient in
their retention of synthesized protein (28). It has
been reported food conversion efficiency in rainbow
trout is stimulated after the application of ovine
growth hormone (29).

Transgenic F70 tilapia showed a higher protein syn-
thesis rate and protein growth and lower ration con-
sumption, resulting in higher efficiency of growth, syn-
thesis retention and anabolic stimulation. It has been

TABLE 4
Biochemical Analyses Conducted in Adult Tilapia

Plasma Liver Muscle
Parameters Transgenics Nontransgenics Transgenics Nontransgenics Transgenics Nontransgenics
GOT 582 = 71 pU/mg 596 = 60 nU/mg 115 = 11 mU/mg 161 = 33 mU/mg 19.2 =21 mU/mg 23.1 = 2.9 mU/mg
GPT 325 £ 73 uU/mg 188 = 32 pU/mg 67 = 12 mU/mg 80 + 10 mU/mg 6.2 = 0.4 mU/mg 7.7 = 1.2 mU/mg
LDH ND ND ND ND 10.1 £ 1.8 mU/mg  14.0 = 3.7 mU/mg
Glucose 75+ 0.7mM 7.0 £0.4mM 212 +25mM 18.6 = 1.3 mM 35*x0.1mM 3.4 £0.1mM
Glycogen ND ND 0.35 £ 0.03 mmol/g  0.34 = 0.08 mmol/g ND ND

Note. Values are the average = SD (N = 8). P > 0.05 (Student t-test). ND, not determined.
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FIG.1. RNA/DNA, RNA/protein, and protein/DNA indexes in juvenile and adult transgenic and control tilapia. Values are the average +

SD (N = 10). *P < 0.05 (Student t-test).

proven no different in the digestibility test among
transgenic, nontransgenic and wild type tilapia (17).
Therefore, these transgenic tilapia are metabolically
more efficient, capable of supporting growth with bet-
ter food conversion efficiency. Similar results have
been reported by Krasnov et al. (30) in rapidly growing
transgenic Arctic char. They found specific growth rate
and muscle protein content equal with respect to non-
transgenic siblings. However, the rate of NH, excretion
appeared equal in control and transgenic fish, there-
fore indicating that the rapid growth correlates with
higher efficiency of protein retention. In transgenic
carps expressing the trout GH transgene, an increase
in muscle protein content of about 7.5% and variation
in some aminoacid levels were also reported (31). Stud-
ies carried out by Zongbin et al. (32) in the MThGH-
transgenic F, red carp (Cyprinus carpio L.red var.)
showed feeding rates of transgenic significantly lower
than of the non transgenic control, however the specific
growth rates of the transgenic in wet weight, dry
weight, energy and protein and the conversion efficien-
cies of the transgenic F, in all these parameters were
also higher than nontransgenic fish.

The results obtained in wild type or GH-injected fish
are essentially in accordance with the results obtained

in transgenic tilapia expressing ectopic tiGH. Differ-
ences in the magnitude of the effect may respond to the
levels of GH present in each case.

Transgenic tilapia will need to partition a lower pro-
portion of ingested energy into basal metabolism and
the replacement of existing body tissue, making more
available for growth. How are transgenic tilapia ob-
taining the energy required to support a better and
more efficient growth rate? It looks like GH-transgenic
fish utilize the energy released by oxidation of amino-
acids more efficiently.

Transgenic tilapia F70 express ectopic tiGH in vari-
ous tissues including the liver, muscle, gonads and
brain (13, 15). For biochemical analyses we selected the
muscle, liver and plasma. Studies in the muscle corre-
late well with estimates for the whole body (33) and are
the portion of the animal used for commercialization
and human consumption. The liver is an important
organ for biochemical studies and is the target of GH
action to induce the expression of insulin-like growth
factors (IGF) which, together with GH, provoke the
growth-promoting action (10). The plasma connects all
organs of the body and reflects the nutritional status of
the organism, affecting among other factors, the syn-
thesis of GH and IGF (34, 35).
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Biochemical studies were conducted in juvenile and
adult tilapia. We have shown that the effect of ectopic
tiGH on growth performance is more pronounced in
juvenile transgenic tilapia (13, 36), therefore reflecting
better the biochemical processes induced by ectopic
GH. Adult tilapia, on the other hand, will be used for
human consumption and it is of special interest to
compare in these animals the biochemical profile of
transgenic and nontransgenic tilapia.

Juvenile transgenic tilapia have reduced free levels
of alanine and aspartic acid in the muscle when com-
pared to nontransgenic controls (14). It is probably
these gluconeogenic amino acids are used to produce
energy (37). The increase in the GOT and GPT
transaminases in the muscle correlated well with the
decrease in alanine and aspartic acid levels as these
enzymes are involved in the production of energy from
these amino acids (38). Although it is not common the
oxidation of amino acids by muscle cells, this reaction
could be favored in GH-transgenic tilapia. Gluconeo-
genesis from alanine has been reported in rainbow
trout (39) and coho salmon (Oncorhynchus kisutch) (40)
hepatocytes and in the eel Anguilla japonica (41).

In the liver, the opposite effect was recorded. In this
tissue the activity of GOT and GPT was lower in juve-
nile transgenic tilapia, thus suggesting that in the liver
gluconeogenic aminoacids are not used for energy pro-
duction. Increase activity in hepatic GOT and GPT has
been described for Red Sea bream (Chrysophrys major)
that conserve the glycogen and metabolize proteins
during starvation at low temperature (42).

The potential for gluconeogenesis could be assessed
indirectly by measuring kinetic parameters of liver
pyruvate kinase (43). The lower hepatic glucose and
higher pyruvate kinase activity could reflected that, in
juvenile transgenic tilapia, glucose was used in the
liver to produce energy. However, since the levels of
glycogen remained unchanged, the glucose used for
oxidation and energy production was not obtained from
hepatic glycogen. Although these results reflect a met-
abolic disbalance in the liver of juvenile transgenic
tilapia, the maintenance of the hepatosomatic index
denotes that this disbalance is probably within physi-
ological levels. The injection of high supraphysiological
concentrations of recombinant tiGH in juvenile O. au-
reus tilapia results in the increase of the hepatosomatic
index (10).

An increase in the RNA/DNA ratio was found in the
muscle of juvenile transgenic tilapia. This result re-
flected an increase in the protein synthesis in these
tilapia. Similar results have been reported for GH-
treated fish (8, 9). In adult transgenic tilapia, an in-
crease in the RNA/protein ratio reflected an effect of
ectopic tiGH on ribosomal capacity.

Biochemical analyses in adult tilapia showed no dif-
ferences between transgenic and nontransgenic ani-
mals. This result is important for the evaluation of the
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possible effects of consuming transgenic tilapia as it
further documents that transgenic tilapia F70 are safe
as food (44).

In conclusion, the results reported by us support that
(a) transgenic tilapia have a better food conversion
efficiency, protein synthesis and growth efficiency add-
ing more value to this transgenic line and supporting
that differences in protein turnover are important de-
terminants of growth efficiency in fish (18), and (b) we
have found differences in the hepatic glucose values
and the muscle GOT and GPT activity to compare
transgenic and non transgenic fish. The energy re-
quired for the accelerated growth in juvenile trans-
genic tilapia could be produced from hepatic glucose
and the gluconeogenic amino acids alanine and aspar-
tic acid oxidation in muscle.
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