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Abstract

This experiment investigated the effects of dietary starch on growth
performance, feed utilization, glucose and lipid metabolism of non-transgenic
and growth hormone (GH) transgenic juvenile common carp (Cyprinus carpio
L.). Transgenic common carp (TG fish) and non-transgenic (NT fish) were fed
diets with five starch levels (0, 10%, 20%, 30%, 40%). After 41 days, TG fish
showed higher growth and feed utilization at low-starch diets, while similar
growth, lower feeding rate (FR) and slightly higher feed efficiency (FE) was
observed at high-starch diets. Lower plasma glucose level and hepatic glycogen
content were observed in TG fish, which could be related to the higher glycolysis
(high gene expression of hexokinase (hk), p < 0.01) and gluconeogenesis (high
gene expression of fructose-1,6-bisphosphatase (fbpase), p < 0.01; glucose-
6-phosphatase (g6pase), p < 0.01) of TG fish. Compared to NT fish, weakened
fat synthesis (lower gene expression of fatty-acid synthase (fas), p <0.01;
acetyl-CoA carboxylase 1 (accl), p < 0.01; acyl-CoA desaturase 1 (scdl), p =
0.011) and enhanced fatty acid oxidation (high gene expression of hormone-
sensitive lipase (hsl), p =0.01; carnitine palmitoyl transferase 1a (cpt-1a), p <
0.01), led to the decrease of body lipid content in TG fish. On the other hand,
with increased dietary starch, increased body lipid and hepatic glycogen
contents were observed in both TG and NT fish, suggesting that high dietary
starch levels promoted glycolysis, fat synthesis and inhibited gluconeogenesis,
fatty acid B-oxidation. Overall, TG fish showed higher growth performance at
low starch diets, and higher ability of glycolysis, fatty acid oxidation and lower
lipid synthesis than the NT fish.
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Introduction

Dietary carbohydrates play different nutritional roles in different fishes (Wilson, 1994). But
fish have limited ability to utilize dietary carbohydrates (Kamalam et al., 2017; Polakof et
al., 2012). However, when carbohydrates are not enough in the diet, other nutrients such
as protein and lipids are catabolized for energy to provide metabolic intermediates for the
synthesis of other biologically important compounds (Wilson, 1994). Therefore, it is
important to provide the appropriate carbohydrate in the diet for cultured fish. In a certain
range, increased contents of carbohydrate in fish feed may show protein sparing effects
(Mohanta et al., 2007). Some studies have shown that optimal carbohydrate diet can also
promote the growth of fish at definite dietary protein and lipid (Hemre et al., 1998; Hung
et al., 1989).

Growth hormone (GH) gene transgenesis has been confirmed in several fish species to

enhance growth (Cook et al., 2000; Fu et al., 2007; Nam et al., 2001; Rahman et al.,
2001). GH transgenic common carp showed elevated growth by increased appetite and
feed conversion efficiency (Zhong et al., 2012). Some studies have shown that GH
transgenesis influenced metabolic reactions in coho salmon (Oncorhynchus kisutch) by
improving carbohydrate degradation for energy production and lipid synthesis, and
increasing utilization of lipids and proteins for body growth (Leggatt et al., 2009). Similarly,
it has also been suggested that transgenic fish had somewhat modified regulation of
glucose metabolism (Panserat et al., 2014). Therefore, it is necessary to investigate the
carbohydrate utilization ability of transgenic and non-transgenic common carp.
The regulation of glucose metabolism is mainly achieved by glycolysis, gluconeogenesis,
glycolipid transformation, glycogen synthesis, and degradation. The regulation of the
glycolysis pathway is mainly dependent on key enzymes such as hexokinase (HK),
glucokinase (GK), phosphofructokinase (PFK), and pyruvate kink (PK). In contrast, the
regulation of gluconeogenesis is mainly depended on several key enzymes, such as
phosphoenolpyruvate carboxykinase (PEPCK), fructose-1,6-bisphosphatase (FBPase) and
glucose-6-phosphatase (G6Pase) (Saltiel, Kahn, 2001). It is also a vital glucose
homeostasis pathway by increasing fat synthesis and glycogen synthesis activity after high
dietary carbohydrate intake in fish (Suarez et al., 2002). This study was designed to
evaluate the differences in carbohydrate metabolism between transgenic and
nontransgenic common carp and find the effects of GH transgenesis on fish glucose
metabolism.

Materials and Methods
Experimental diets, experimental fish, and feeding trial

The formulation and chemical composition of experimental diets are shown in Table 1.
Fish meal, soybean meal and casein were used as major dietary proteins, and fish oil and
soybean oil as lipid sources. Five experimental diets were formulated by supplementing of
increasing corn starch as a carbohydrate to obtain graded starch levels (0, 10%, 20%,
30%, 40%). All ingredients passed through a 375 um sieve before entirely mixed. The wet
dough was extruded into 3.6 mm pellets by a laboratory extruder (SLP-45, Fishery
Mechanical Facility Research Institute, Shanghai, China). The pellets were oven-dried at
70 °C and stored at —20 °C until used.

The experimental fish including TG fish and NT fish of same days after hatching were
obtained from the Huanghu Lake Experimental Station of the Institute of Hydrobiology,
Chinese Academy of Sciences (Susong, Anhui, China). Before the trial, all fish fed for 2
weeks to acclimate the experimental condition. At the beginning of the trial, all fish were
fasted for 24 h. Apparent healthy TG fish (initial weight 30.5 £ 0.06 g) and NT fish (initial
weight 17.1 £ 0.08 g) with similar size were selected, then batch weighted and distributed
into round fiberglass tanks (diameter: 70 cm; water volume: 400L) at a density of 15 fish
per tank. Each experimental diet-fish strain was randomly assigned to triplicate tanks. Fish
were fed to apparent satiation twice a day (8:30 and 16:30). The feces were removed by
siphoning before each feeding.
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During the experiment, each tank received continuous aeration. Water temperature
was recorded daily and was 30.85 = 0.31°C. Light intensity was about 2.9 pmol m=2 st at
the water surface, and the light period was from 8:00 to 20:00. The water flowing rate
into each tank was approximately 5L min~!. Dissolved oxygen was above 6.0 mg L=! and
pH was 6.7-7.0. Ammonia nitrogen was less than 0.4 mg L™ 1.

Sample collection

At the start of the trial, triplicate groups of three fish were sampled randomly for initial
body composition analysis. After 41 days of the feeding trial, fish were anesthetized by
MS-222 solution (100 mg L—1) after 24 h fasting, then were bulk weighted to evaluate the
feeding rate (FR), specific growth rate (SGR), and feed efficiency (FE). Two fish of each
tank were sampled and frozen at —20 °C for the determination of whole-body composition.
Two blood samples were collected using heparinized syringes from the caudal vein of two
fish in each tank, and the blood samples were centrifuged (3500g, 10 min, 4 °C; Eppendorf
5417R; Vertrieb, Germany) to obtain plasma samples. After blood sampling, the liver and
muscle were dissected on ice, and then samples were stored at —80 °C until analyzed.

Chemical analysis

Proximate composition analysis of all samples was conducted using the methods
described by AOAC (2003). Moisture content was determined by oven drying at 105 °C to
constant weight. Crude protein content was determined by Kjeldahl method after acid
digestion using 2300 Kjeltec Analyzer Unit (FOSS Tecator, Haganas, Sweden). Crude lipid
content was determined by chloroform-methanol extraction. Ash was determined by
combustion in muffle furnace at 550°C.

Plasma alanine aminotransferase (ALT), aspartate aminotransferase (AST),
triglyceride, total cholesterol (TC), glucose (Glu), HDL-Cholesterol (HDL-C), LDL-
Cholesterol (LDL-C) were tested by automatic biochemistry analyzer BS-460 produced by
Mindray, using standard kits according to the instructions (Mindary Bio Medical Electronic
Limited by Share Ltd, Shenzhen, China). Tissue glycogen (liver and muscle) was
determined using the amyloglucosidase method, and the reagents were prepared by
Nanjing Jiancheng Bioengineering Institute, Nanjing, China.

Gene expression analysis

Total RNAs were extracted from the liver tissue using TRIzol reagent (Invitrogen,
Carlsbad, California, USA), and cDNA was reverse transcribed using an M-MLV First-Strand
Synthesis Kit (Invitrogen, Shanghai, China), following the manufacturer's instructions.
Quantitative reverse transcription-polymerase chain reaction (RT-PCR) was performed on
a LightCycler 480 II (Roche Diagnostics, Basel, Switzerland), using SYBR Green I Master
Mix (Roche Diagnostics, Indianapolis, IN, USA). Quantitative real-time RT-PCR determining
target gene expression. The primers used in this study are listed in Table 2 were designed
based on the obtained fragment cDNA sequences. B-actin was chosen as internal reference
for normalization. Expression levels were calculated according to Vandesompele et al.
(2002)

Statistical analysis

Data were analysed with SPSS 18.0 (SPSS, IL, USA) and were expressed as means %
S.E. A two-way analysis of covariance (ANCOVA) was performed, with initial body weight
as a concomitant variable. Where appropriate, differences between strains or diets were
analyzed using one-way ANCOVAs. The probability level of statistical significance was p <
0.05.
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Table 1 Formulation and proximate composition of experimental diets (% dry matter)

Ingredients

Dietary starch level (%)

g—1 dry matter)

0 10 20 30 40
White fishmeal? 10 10 10 10 10
Soybean meal 10 10 10 10 10
Casein® 21.5 21.5 21.5 21.5 21.5
Corn starch 0 10 20 30 40
Fish oil 3.3 3.3 3.3 3.3 3.3
Soybean oil 3.3 3.3 3.3 3.3 3.3
cellulose sodium 3 3 3 3 3
Cellulose 43.38 33.38 23.38 13.38 3.38
Choline chloride 0.11 0.11 0.11 0.11 0.11
Vitamin premix¢ 0.39 0.39 0.39 0.39 0.39
Mineral premixd 5 5 5 5 5
Ethoxyquin 0.02 0.02 0.02 0.02 0.02
Proximate composition (% dry matter)
Moisture 9.85 10.01 10.92 11.65 11.06
Crude protein 34.23 33.79 33.77 33.92 34.03
Crude lipid 7.92 8.05 8.13 7.86 8.14
Ash 7.35 7.27 7.24 7.19 7.08
Gross energy (k] 11.28 12.98 14.69 16.37 18.11

@ Pollock fishmeal from American Seafood Company, Seattle, Washington, USA.

b Purchased from Lanzhou Longruan Casein Co., Ltd., Lanzhou, Gansu, China.

¢Vitamin premix (mg kg~tdiet): Thiamin, 20; Riboflavin, 20; Pyridoxine, 20; Cyanocobalamine, 0.02;
Folic acid, 5; Calcium pantothenate, 50; Inositol, 100; Niacin, 100; Biotin, 0.1; Cellulose, 3412;
Ascorbic acid, 100; Vitamin A, 11; Vitamin D, 2; Vitamin E, 50; Vitamin K, 10.

d Mineral premix (mg kg~1! diet): NaCl, 500; MgS04-7H,0, 8155.6; NaH,PO4-2H,0, 12,500.0; KH2PO4,
16,000.0; CaHPO4:2H,0, 7650.6; FeS04:7H,0O, 2286.2; CsH10CaOs'5H.0, 1750.0; ZnS04:7H>0,
178.0; MnS04-H20, 61.4; CuS04-5H,0, 15.5; CoS04-7H20, 0.91; KI, 1.5.

Table 2 Primer sequences used in this study

S:r?]ee Accession no. F (5'-3") R (5'-3")

pfk XM019107418.1  CACGTACAAGCTGTTAGCT TCGAAGCCATCATGGACGGT
hk XM019097063.1 CTTGTGAGACTCATCCTGCT CAGACATGCTGGACAGCAAT
fbpase XM019099298.1  ACAGTCTGAATGAAGGCTAC CTCATACAACAGCCTCAGCT
g6pase XM019101462.1  GCAGGTCAATCTCACTGGCT CTGATGTAGTGGAGCGCTAT
accl XM021476200.1 GAGGAATCTGTGCGCTCCAT ATGCCTGGAACATGATCTGT
fas KY378913.1 TAGAGAACCTGACTTCAGCT TAGGACTTTCTCAGCATGAC
scdl U31864.2 TTCGTCACCTTCAGCGCTAT CGCTTCTCTGGACACACGCT
hsl XM_019124843.1 AATGTCTCACGGTGTACGTG ACTCGTACCAGCATAGGCAT
Ipl KJ141167.1 GTTACAGGCTGAGATTGACT AGAACCGCGAGTGTTGGTGT
cpt-1a XM019122007.1 CTATCTGGAGTGACATCATG CTCACTCACAGGTAGAGATG
aco3 KR706500.1 ACGGCCACTCATTCAGTGGT CCGAGGTATCCTCACATTGT
B-actin JQ619774.1 GATGATGAAATTGCCGCACTG ACCAACCATGACACCCTGATGT
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Results

Growth and feed utilization

Results of growth and feed utilization in two strains fed different starch levels are shown
in Table 3. SGR, FE, and PER of TG fish were significantly higher than NT fish in low-starch
diets (P < 0.05), and SGR of TG fish first increased and then decreased with increasing
dietary starch levels. SGR of NT fish first increased and then tended to keep constant with
increasing dietary starch levels (P < 0.05). FE and PER of both strains also first increased
and then tended to keep constant with increasing dietary starch levels, FR showed no
apparent differences between two strains, and FR of TG fish were not affected by dietary
starch levels (P > 0.05), while FR of NT fish decreased with the increase starch levels (P <
0.05). PRE also showed no obvious differences between the two strains (P > 0.05), but
PRE was significantly lower in the no starch group than in other groups (P < 0.05).

Body composition and tissue glycogen contents

Table 4 showed the whole-body composition, and tissue glycogen contents of the fish
fed different diets. Whole-body moisture of TG fish was significantly higher than NT fish (P
< 0.05), and whole-body moisture of both strains decreased significantly with the
increased dietary starch levels (P < 0.05). Whole-body protein, lipid, and ash contents of
TG fish were significantly lower than NT fish at different dietary starch levels. The difference
in body lipid contents was apparent, especially in the low-starch diets (P < 0.05). Whole-
body protein contents of TG fish were not affected by dietary starch levels (P > 0.05), but
whole-body protein contents of NT fish decreased significantly with the increased dietary
starch levels (P < 0.05). Whole-body ash contents of both strains decreased significantly
with the increased dietary starch levels (P < 0.05), while whole body lipid contents of both
strains increased with increasing dietary starch levels (P < 0.05). TG fish had significantly
higher levels of liver glycogen than NT fish (P < 0.05), while no significant difference was
observed in muscle glycogen (P > 0.05). However, with the increased dietary starch, tissue
glycogen (liver and muscle) contents increased significantly (P < 0.05).

Plasma physio-biochemical indices

As shown in Table 5, ALT of TG fish were significantly lower than NT fish (P < 0.05),
plasma AST of two strains had no significant difference in different dietary starch levels (P
> 0.05), and not affected by dietary starch levels (P > 0.05). No significant difference was
found between TG fish and NT fish in plasma triglycerides, TC, HDL-C and LDL-C (P >
0.05), while triglycerides contents of both strains first increased and then decreased with
increasing dietary starch levels (P > 0.05), TC, HDL-C and LDL-C content of both strains
increased with increasing dietary starch levels (P < 0.05). TG fish had significantly lower
levels of plasma Glu than NT fish (P < 0.05), but no significant difference was found
between diets (P > 0.05).
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Gene expression

Figure 1 showed that the expression of liver genes related to glucose metabolism. The
transcriptional levels of glycolysis-related gene hk was significantly up-regulated in TG fish
(P < 0.05), pfk had no change (P > 0.05). The expression of hk and pfk of both strains
significantly up-regulated with the increasing dietary starch levels (P < 0.05).
Gluconeogenesis-related genes fbpase and g6pase significantly up-regulated in TG fish
than in NT fish (P < 0.05). The expression of fbpase was significantly down-regulated with
increasing dietary starch levels (P < 0.05). There were no differences in the expression of
g6pase (P > 0.05). The transcriptional levels of the genes involved in the lipid synthesis
pathway were determined, no differences in the expression of accl were detected in both
strains (P > 0.05). However, fas and scd1l in TG fish displayed higher expressions than NT
fish (P > 0.05). The expression of fas, accl and scdl in both strains were significantly up-
regulated with the increasing dietary starch levels (P < 0.05). The expression of fatty acid
oxidation-related genes includes hsl and cpt-1a significantly up-regulated in TG fish than
in NT fish (P < 0.05), Ipl, and aco3 did not show significant differences between two strains
(P > 0.05). The expression of Ipl, cpt-1a and aco3 in both strains were significantly down-
regulated with the increasing dietary starch levels (P < 0.05). The gene expressions of hsl
were not affected by dietary starch levels (P > 0.05).
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Figure 1 Relative expression of hepatic fbpase, gépase pfk, hk, accl, fas, scdl, Ipl, hsl,cpt-1a and
aco3 genes of both strains fed diets with different starch levels (sO: 0% starch, s10: 10% starch,
s20: 20% starch, s30: 30%starch, s40:40% starch). Results represent the mean £ S E (n= 6).
Different superscripts (a, b, ¢, d, e or f) within a column indicate significant (P < 0.05) difference
between treatments.

Discussion

Common carp is a typical omnivorous fish, the present study found that TG fish had higher
growth and feed efficiency than NT fish. The results were consistent with previous studies
on transgenic fish, such as the transgenic common carp (Fu et al., 2007), transgenic
salmonids (Sal/mo salar) (Cook et al., 2000), transgenic mud loaches (Misgurnus mizolepis)
(Nam et al., 2001), transgenic Nile tilapia (Oreochromis niloticus) (Rahman et al., 2001).
GH transgenic fish grow faster was the embodiment of a high concentration of growth
hormone promoting growth. Carbohydrate is one of the dietary nutrients that profoundly
affects feed utilization. The present study found that a certain amount of dietary starch
increased feed efficiency and growth of TG fish. In previous studies, improved growth and
feed utilization with increasing dietary starch levels were also reported in many other fish
species (Li et al., 2016; Zhang et al., 2009). However, the optimal dietary starch level of
TG fish is lower than that of NT fish. In the present study, TG fish's growth tended to
decrease when the dietary starch level was high, which showed the effects on carbohydrate
metabolism of GH transgenesis were different at high dietary starch. In the present study,
the protein retention efficiency of TG fish increased first and then decreased with the
increase in dietary starch level, which was consistent with the growth trend. The present
study showed that TG fish had a higher protein efficiency ratio than NT fish, which reflected
that TG fish could increase unit protein production compared with NT fish. Increased
protein efficiency ratio has also been reported in transgenic coho salmon (Higgs et al.,
2009). High starch treatment groups had significantly higher levels of protein efficiency
ratio in both strains. Similar results were also found in mirror carp (Cyprinus carpio) (Li et
al., 2015), hybrid grouper (male Epinephelus lanceolatus x female E. fuscoguttatus) (Li et
al., 2019). It suggested that dietary carbohydrate supplied energy to obtain the protein-
sparing effect. On the other hand, it was also reported that high starch diets resulted in
decreased PER in largemouth bass (Micropterus salmoides) (Ma et al., 2019). It might be
due to the fact that largemouth bass is a carnivorous fish, and high starch caused fatty
liver and affected the health of the fish (Li et al., 2020; Ma et al., 2019).

Carbohydrate is an important energy source and excessive dietary carbohydrate usually
resulted in fish crude lipid accumulation (Higgs et al., 2009). It is also confirmed that whole
fish body lipid content increased with increasing dietary starch levels. The TG fish in the
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present study had lower body fat than NT fish. It could be due to the higher total carcass
moisture content of TG fish and different fat metabolism in TG fish. Compared with NT fish,
body protein in the wet weight of TG fish was significantly lower. The result was consistent
with a previous study in the transgenic common carp (Fu et al., 2007). Higher total carcass
moisture content, lower fat and protein content in transgenic Atlantic salmon were also
observed (Cook et al, 2000). To adapt to a high carbohydrate diet, fish can store excess
glucose in the form of glycogen. Excessive dietary carbohydrate was reported to increase
fish glycogen content (Lee et al., 2004). The present study indicated that liver and muscle
glycogen contents significantly increased with increasing dietary starch levels, and the
same results were also observed in hybrid grouper (Epinephelus fuscoguttatus ¢ x E.
lanceolatus &) (Li et al., 2019), golden pompano (Zhou et al., 2015), Nile tilapia
(Boonanuntanasarn et al., 2018), gibel carp (Carassius gibelio) (Song et al 2019). grass
carp (Ctenopharyngodon idellus) and Chinese longsnout catfish (Leiocassis longirostris
Gilinther) (Su et al., 2020). Interestingly, the liver glycogen content of TG fish was
significantly lower than NT fish, while no significant difference was observed in muscle
glycogen. The decrease of liver glycogen content may be due to the enhancement of
glycolysis in TG fish.

In the present study, the plasma glucose levels in both strains were not affected by the
diets. TG fish and NT fish showed sound control on plasma glucose levels at 40% dietary
carbohydrate, and the same results were also observed in grass carp (Li et al., 2012), gible
carp (Song et al., 2019). In this study, plasma TC, HDL-C and LDL-C concentration were
positively correlated with dietary starch contents. Also, the concentration of triglyceride in
plasma also increased first and then decreased slightly with increasing dietary starch
levels, which suggested higher plasma lipids in response to high dietary starch levels. It is
consistent with the high-fat content of fish caused by high starch diets. The de novo
synthesis of lipid from carbohydrate was also found in other studies (Li et al., 2015;
Mohanta et al., 2009). After transporting into the cell, glucose could be used by glycolysis.
In the present study, higher mRNA levels of hk and pfk encoding for the glycolytic enzymes
were observed in the high starch diets. Glucose also could be produced by gluconeogenesis.
The present study found that lower mRNA levels of fbpase were observed in the high starch
diets, suggesting an efficient control on gluconeogenesis in response to high carbohydrate
intake. It showed that TG fish and NT fish could control plasma glucose levels in both
glycolysis and gluconeogenesis. Similar results were found in sea cucumber (Apostichopus
japonicas) (Xia et al., 2015), golden pompano (Trachinotus ovatus) (Zhou et al., 2015).
In the present study, higher mRNA levels of hk fbpase and g6pase were observed in TG
fish than NT fish. It indicates that the glycolysis potential and gluconeogenesis potential of
TG fish were higher than that of NT fish. Higher glycolysis potential may be the main reason
for the lower plasma glucose level of TG fish than NT fish. Panserat et al. (2014) reported
GH transgenic coho salmon showed higher mRNA levels of G6PDH (glucose-6-phosphate
dehydrogenase) and GK (glucokinase) in the liver, and GLUT4 (glucose transporter) in
muscle, suggesting the potential for better use of glucose in GH transgenic coho salmon.
Leggatt et al. (2009) reported transgenic fish had higher activities of glycolytic enzymes
in white muscle. Transgenic fish was reported to prefer to get energy from carbohydrates
(Higgs et al., 2009). Studies have shown that the fat accumulation in fish increased with
increased dietary carbohydrate levels (Li et al., 2012). The activity of the fatty synthase
(FAS) in Atlantic salmon increased with the increase of dietary carbohydrate levels (Hemre
etal., 1998). It was found in grass carp that fatty acid synthase (fas) and acetyl coenzyme-
A carboxylase (accl) genes were significantly up-regulated, and lipoprotein lipase and
carnitine palmitoyltransferase 1 (cptl) gene expression were down-regulated in high
dietary carbohydrate group (Cai et al., 2018). In the present study, the liver transcriptional
levels of fas, accl, scd1 significantly up-regulated and Ip/, aco3, cpt-1a were significantly
down-regulated with the increasing dietary starch levels in both strains. It was similar to
the previous study and suggested that glucose homeostasis regulation by increasing lipid
synthesis and reducing fatty acid oxidation was also a meaningful way to regulate glucose
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(Suarez et al., 2002). Zhang et al. (2013) found that growth hormone inhibited adipocyte
synthesis and differentiation in mice. In the present study, TG fish had lower mRNA levels
of fas, scd1 than NT fish, and hsl/, cpt-1a were higher expressed, this indicated that TG fish
had lower fat synthesis potential and higher lipid oxidation potential compared with NT
fish. It very well explained that the accumulation of crude lipid in TG fish was lower than
NT fish. These results showed that growth hormone could inhibit fat synthesis and promote
fatty acid oxidation. However, it has also been reported that the activity of lipolytic enzyme
decreased and the activity of lipid synthase increased in transgenic coho salmon, indicating
sparing of lipids (Higgs et al., 2009). It was not consistent with GH transgenic common
carp results, indicating that the carbohydrate de novo lipid synthesis mechanism in GH
transgenic common carp and GH transgenic coho salmon was different. The effect of GH
on lipid accumulation was complex, warranting further investigation. In conclusion, the
present study confirmed that TG fish and NT fish showed somecarbohydrate utilization
differences. The lower level of whole-body lipid, liver glycogen, glycemic, lower fas, scdl
gene expressions, higher hk, fbpase, gépase, and hsl cpt-1a suggested that TG fish had a
somewhat modified regulation of glucose metabolism. TG fish may have more vital ability
of glucose utilization (glycolysis and gluconeogenesis). Fat synthesis of TG fish decreased
while the oxidation ability of fatty acid B increased, which led to the decrease of lipid
contents in TG fish. Extension studies should be focused on the effects of GH on glucose
regulation at high dietary starch, especially in the transgenic carps after gonadal
development.
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