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Abstract trans-10,cis-12 (t10c12) Conjugated linoleic
acid (CLA) reduced body lipid deposition in various experi-
mental animals, but the mechanisms involved were still
emerging. Carnitine palmitoyltransferase I (CPT I) catalyzes
an important regulatory step in lipid metabolism. At present,
no studies, to our knowledge, have evaluated the kinetic
constants influenced by dietary CLA in fish. In the present
study, we tested the hypothesis that changes in body lipid
content in fish as a response to dietary t10c12 CLA was
related to the change of CPT I kinetic constants [Michaelis
constant (K,,), maximal velocity and catalytic efficiency for
carnitine and palmitoyl-CoA]. Juvenile Synechogobius hasta
were fed three experimental diets with fish oil replaced with O
(control), 1, or 2 % t10c12 CLA for 8 weeks. Weight gain,
specific growth rate and protein efficiency rate increased with
dietary t10c12 CLA level. Dietary t10c12 CLA addition sig-
nificantly reduced lipid contents both in liver and muscle.
Dietary CLA addition also improved CPT I activities in
muscle but did not significantly influence hepatic CPT I
activity. CPT 1 kinetic parameters (K, V. and catalytic
efficiency) were significantly influenced by t10c12 CLA. CPT
I catalytic efficiencies with carnitine and palmitoyl-CoA as
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substrates were higher in muscle and liver of fish fed
increasing t10c12 CLA. For the first time, the findings dem-
onstrated effect of dietary CLA addition on CPT I kinetics in
fish and supported our starting hypothesis that dietary t10c12
CLA addition induced alterations in CPT I kinetic constants of
muscle and liver. Increased CPT I catalytic efficiency might
be the main reason for reduced lipid deposition in these tissues
by dietary t10c12 CLA supplementation.
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Abbreviations

BSA Bovine serum albumin

CLA  Conjugated linoleic acid

CPT 1 Carnitine palmitoyltransferase I
FA Fatty acid

FBW  Final body weight

FCR  Feed conversion rate

FI Feed intake

IBW  Initial body weight

MIB Mitochondrial isolation buffer
PER Protein efficiency rate

PUFA  Polyunsaturated fatty acid
SGR  Specific growth rate

SR Survival rate

TAG  Triacylglycerol

WG Weight gain

Introduction

Conjugated linoleic acid (CLA) is a term used to describe
positional and geometric isomers of linoleic acid (18:2n-6)
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[1]. These compounds occur mainly in beef and dairy
products but are widespread in lower levels in many
foodstuffs [1]. In animal models and humans, feeding CLA
mixtures reduces body fat and increases lean body mass
[2], and influences lipid metabolism [3]. The effects of
dietary CLA supplements on growth performance and lipid
metabolism have been studied in many fish species [4—10].
The CLA preparation used in these studies consist of two
major CLA isomers, cis-9,trans-11 (c9tll) and trans-
10,cis-12 (t10c12) isomers. However, to our knowledge, no
research has reported the effect of a single CLA isomer on
growth performance and lipid metabolism in fish. Studies
in terrestrial animals indicate the differences between two
isomers on a number of biological functions [11-13], and
t10c12 CLA rather than c9t11 CLA is the metabolite
responsible for the lipid-lowering effect of CLA [14].

Carnitine palmitoyltransferase I (CPT I, EC 2.3.1.21) is
a major regulatory enzyme of lipid metabolism, required
for the conversion of fatty acid-CoAs into fatty acid-car-
nitines for entry into the mitochondrial matrix [15]. In
vertebrates, CPT 1 is frequently described as the ‘rate-
limiting enzyme’ of B-oxidation flux [16, 17], and therefore
is the main regulatory step of fatty acid oxidation [18].
Estimating kinetic constants are one of the most critical
parts of the studies related to enzyme-catalyzed reactions.
In that instance, elucidation of the kinetic mechanism of
CPT I as a result of dietary CLA addition will increase our
knowledge about the nutrient physiology of CLA and its
critical role in lipid deposition. However, to our knowl-
edge, at present, no information is available on the effect of
CLA addition on kinetics of CPT I in animals, including
fish.

Synechogobius hasta are widely distributed over the
southern coast of Liaoning Province, China. In recent
years, commercial farming of this fish has become an
increasing interest in northern China because of its eur-
yhalinity, rapid growth, good taste and high market value.
The fish is considered to be a potential candidate model for
studying lipid metabolism in fish. Recently, we have con-
ducted a series of experiment to investigate the response of
the related metabolic enzyme to waterborne and diet-borne
materials [19-22]. One of the lingering concerns with
S. hasta has been the lipid accumulation in hepatocytes of
fish under natural conditions, which in turn increases
mortality during farming. The hypotheses of the present
study are that t10c12 CLA can reduce lipid deposition of
liver and muscle in S. hasta by inducing the change of
activity and kinetic constants of CPT 1. Growth perfor-
mance, body composition, CPI I activity and kinetic con-
stant (K, Vinax and catalytic efficiency with carnitine and
palmitoyl-CoA as substrates, respectively) in muscle and
liver are determined in S. hasta after feeding three exper-
imental diets containing different t10c12 CLA levels.
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Materials and Methods
Ingredients and Experimental Diets

Three isonitrogenous (40 % CP) experimental diets were
formulated to contain increasing t10c12 CLA levels of 0, 1
and 2 %, respectively. The ingredients and proximate
analysis of the diets are shown in Table 1. 0.01 % butyl-
ated hydroxytoluene (BHT) was used as an antioxidant.
Highly purified t10c12 CLA isomer came from Natural
Lipids Ltd. (SA, Industriveien, Hovdebygda, Norway).

The experimental diets were produced according to the
methods described in our recent study [22]. Briefly, all dry
ingredients were ground to pass through a 120-pum sieve,
weighed, and mixed to a unanimous homogeneity. t10c12
CLA was added to fish oil and mixed until homogenous.
The oil mixture was then added to the homogenous dry
ingredients and mixed thoroughly. Then the pre-weighed
distilled water (10 %, v/w) was added to form a dough.
The diets were extruded through a 1.0-mm sieve using a
laboratory model Muyang Extruder Machine (Jiangsu,
China). The resulting strands were dried with forced air
circulation at room temperature, crumbled to approxi-
mately 1 mm length and kept in the freezer at —20 °C
until used.

The care and treatment of the experimental animals
conformed to the guidelines of Huazhong Agricultural
University for the ethical treatment of laboratory animals.

Table 1 Feed formulation and proximate analysis of experimental
diets

Ingredients (%) Diet nos.
1 (control) 2 3

Fish meal 60 60 60
Fish oil 6 5 4
t10c12 CLA 0 1 2
Wheat flour 18 18 18
NaH,PO,4-2H,0 1 1 1
Vitamin premix 0.5 0.5 0.5
Mineral premix 0.5 0.5 0.5
L-ascorbyl-2-monophosphate 0.5 0.5 0.5
Binder 2.5 2.5 2.5
Cellulose 10.99 10.99 10.99
BHT 0.01 0.01 0.01
Proximate analysis (percentage on a dry matter basis)

Moisture (%) 8.74 9.03 8.62

Crude protein (%) 40.06 40.35 40.22

Crude lipid (%) 10.25 10.14 10.40

Ash (%) 9.04 9.26 9.18

Vitamin premix and mineral premix according to Luo et al. [22]
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Experimental Procedures

The experiment was conducted at Panjin Guanghe Fishery
Co., Ltd., Panjin, China. Three hundred juvenile S. hasta
were collected from a local fish pond (Panjin, China) and
kept in five 300-L circular fiberglass tanks for 14-day
acclimatization. During the acclimatization period, the fish
were fed minced trash fish mixed with the control diet
(Table 1). The amount of trash fish was more than that of
the control diet at the start of acclimatization but the
amount of the diet was progressively increased until
the fish readily accepted the diet. At the beginning of the
experiment, 20 fish [3.54 + 0.08 g, mean =+ standard error
of means (SEM)] of equal size and in good condition were
randomly distributed in each fiberglass tank (300 L) with
continuous aeration to maintain the dissolved oxygen level
near saturation. Each experimental diet was randomly
allotted to three replicate tanks. In total, nine tanks were
used in the present experiment. The fish were fed to
apparent satiation twice daily (0900 and 1600 hours) dur-
ing the week. Water in each tank was replenished 100 %
twice daily, before feeding. Care was taken to ensure that
no uneaten feed remained in the tanks during feeding. The
amount of feed consumed by the fish in each tank was
recorded daily. Fecal matter was also quickly removed
during the experiment. Fish were bulk weighed every
2 weeks. Tanks were thoroughly cleaned when the fish
were removed for weighing. Mortality was checked daily.
The experiment continued for 8 weeks.

The experiment was conducted at ambient temperature
and subjected to the natural photoperiod (approximately
14-h light/10-h dark). Water quality parameters were
monitored twice a week in the morning. Water temperature
ranged from 23.1 to 28.7 °C; dissolved oxygen >5.6 mg/L;
pH 7.9-8.3; total ammonia—nitrogen 0.045-0.058 mg/L.

Sampling and Sample Analysis

At the conclusion of the 8-week period, 24 h after the last
feeding, all fish were counted and weighed to determine
survival, weight gain (WQ), specific growth rate (SGR),
feed conversion rate (FCR) and protein efficiency rate
(PER). After obtaining the final total weight of fish in each
aquarium, six fish from each tank were dissected to obtain
liver and muscle samples, and quickly frozen at —80 °C for
proximate analysis (moisture, crude protein, lipid and ash).
The remaining fish from each aquarium were also dissected
to obtain liver and muscle samples, and quickly determined
for CPT I enzyme activity and kinetic constants.

For proximate analysis of the experimental diet, muscle
and liver, crude protein (Nx 6.25) content was determined
by the Kjeldahl method after an acid digestion using
an auto Kjeldahl System (2300-Auto-analyzer, Sweden),

lipids by ether—extraction, moisture by oven drying at
105 °C for 24 h and ash using a muffle furnace at 550 °C
for 24 h [23].

For assays of CPT I activity, the samples were homog-
enized on ice using a hand-driven ground-glass tissue
grinder. The mitochondria were extracted according to
Suarez and Hochachka [24] with modifications by Morash
and McClelland [18]. Mitochondrial isolation buffer (MIB)
consisted of 250 mM sucrose, 1 mM EDTA, 20 mM
HEPES and 0.5 % bovine serum albumin (BSA) (pH 7.4).
Homogenates were centrifuged at 800xg for 10 min at
4 °C. The supernatant was centrifuged at 9,000xg for
10 min at 4 °C to obtain the mitochondrial pellet. The latter
were resuspended in a small volume of the appropriate MIB
lacking BSA. The resuspended homogenate was collected
into a 15-mL centrifuge tube and centrifuged again at
9,000x g for 10 min at 4 °C. The mitochondrial pellet was
resuspended in an appropriate volume of MIB lacking BSA.
The CPT I activity analyses were conducted at 25 °C as
described by Bremer et al. [25]. The assay measured the rate
for formation of palmitoylcarnitine from palmitoyl-CoA
and carnitine. The CPT I activity was expressed as nmol
palmitoylcarnitine produced/(min mg protein). Soluble
protein concentration of homogenates was determined by
the method of Bradford [26] using BSA as standard. These
analyses (the related enzymatic activities and soluble pro-
tein concentration) were conducted in duplicate.

For the kinetic studies, the ranges of substrate concen-
trations for carnitine were from 0.25 to 16 mM, and for
palmitoyl-CoA from 0.05 to 0.64 mM. The enzymatic
reaction was initiated by adding palmitoyl-CoA (100 pM)
and carnitine (400 mM) to generate palmitoylcarnitine and
incubated at 25 °C. Analysis of the kinetic data was per-
formed as described by Hofstee [27]. The values of the
Michaelis—Menten constants (K,,) and maximal reaction
rates (Vi) were analyzed using a non-linear regression
method described by the Michaelis—Menten equation.
Lineweaver—Burk graphs [28] were drawn by using 1/v ver-
sus 1/[S] values. Catalytic efficiency, defined as an enzyme’s
efficiency in transforming its substrate, was calculated by the
ratio between maximum enzyme activity and K, (Viax/Kin)-
All measurements were performed in duplicate.

Statistical Analysis

The results were presented as means = SEM of three
replicates. Data from each treatment were subjected to one-
way analysis of variance (ANOVA). When overall differ-
ences were significant (P < 0.05), Duncan’s multiple range
test was used to compare the mean values among the
treatments. Statistical analysis was performed using the
SPSS 10.0 for Windows (SPSS, Michigan Avenue, Chi-
cago, IL, USA).
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Results

WG and SGR increased with increasing dietary t10c12
CLA levels from 0 to 2 % (Table 2). Dietary t10c12 CLA
levels showed no significant effects on FI, FCR and sur-
vival. The highest PER were observed for fish fed 2 % of
t10c12 CLA. Dietary t10c12 CLA inclusion did not sig-
nificantly influence moisture and ash contents in muscle.
Increasing muscle protein content was observed in fish with
increasing dietary t10c12 CLA level but the differences
were not statistically significant. Dietary t10c12 CLA
levels significantly reduced muscle lipid content. As a
result, the ratio of lipid to protein in muscle declined with
increasing dietary t10c12 CLA levels. Dietary t10c12 CLA
levels did not significantly influence moisture, protein and
lipid contents, and the ratio of lipid to protein of liver
(Table 3).

The synthesis of palmitoyl-carnitine was assayed as a
function of both substrates: palmitoyl-CoA and L-carnitine.
The reaction followed a normal Michaelis—Menten Kinetics
in the substrate concentration range as shown in Linewe-
aver—Burk plots (Figs. 1, 2, 3, 4).

No significant differences were observed in hepatic CPT
I activities among the treatments (Table 4). When using
carnitine as substrate, constant V.., reduced K, and
increased catalytic efficiency were observed in livers of
fish fed increasing t10c12 CLA isomer. When using pal-
mitoyl-CoA as substrate, constant K, increasing Vi,.x and
catalytic efficiency were observed in livers of fish fed
increasing t10c12 CLA isomer.

Dietary t10c12 CLA addition significantly improved
muscle CPT I activity (Table 5). When using carnitine as
substrate, increasing K, Vih.x and catalytic efficiency were
observed in muscle of fish fed increasing t10c12 CLA
isomer. When using palmitoyl-CoA as substrate, reduced

K., increasing V,.x and catalytic efficiency were observed
in muscle of fish fed increasing t10c12 CLA isomer.

Discussion

In the present study, dietary t10c12 CLA isomer addition
significantly improved growth performance and feed utili-
zation. Similarly, Choi et al. [29] pointed out that common
carp fed diets containing 1.0 % CLA exhibited significant
improvements in growth rate. Increasing feed efficiency
has also been reported by Berge et al. [30]. In contrast,
growth performance and feed utilization are not affected by
dietary CLA inclusion in other fish species [5-8, 10,
30-32]. In the present study, dietary CLA levels show no
significant effect on FI, similar to those reports in mice, rats
and pigs [2, 33-36]. In contrast, studies suggest that dietary
CLA addition significantly reduces FI in several fish spe-
cies [4, 9, 32, 37]. From the various results above, we can
conclude that the CLA effect on growth performance and
feed efficiency is clearly dependent on the species con-
sidered and also on the CLA isomers.

Our study indicates that dietary t10c12 CLA inclusion
significantly reduces lipid contents of muscle and liver.
Similarly, studies on yellow perch and hybrid striped bass
have demonstrated reduced hepatic lipids after CLA feeding
[4, 5]. The t10c12 CLA reduces hepatic triacylglycerol
(TAG) in hamster [12], a similar decrease occurs in total body
TAG levels in salmon [8]. Moreover, TAG levels in muscle
are also lowered in response to the CLA diets [37]. The view
that CLA affects lipid accumulation both by decreasing
de-novo FA synthesis and by increasing oxidation is well
established in mammals and cell lines. For example, CLA
inhibits fatty acid (FA) synthetase activity in rat liver [38],
and suppresses TAG accumulation and increases FA

Table 2 Effect of dietary t10c12 CLA levels on growth performance and feed utilization of juvenile S. hasta

Diet nos. ANOVA

1 3 F value P value
Tnitial mean body weight (g x fish™") 3.58 £ 0.07 3.55 £ 0.09 3.50 £ 0.10 0.232 0.800
Final mean body weight (g x fish™) 13.04 + 0.58a 15.37 + 0.76b 16.76 £ 0.28b 10.738 0.010
Weight gain (%) 263.72 £ 13.32a 334.44 £+ 31.76b 379.37 &+ 7.96b 8.161 0.019
Specific growth rate (% x day ') 2.30 £ 0.07a 2.61 £ 0.13b 2.80 + 0.03b 8.707 0.017
Survival (%) 86.67 + 4.41 83.33 + 1.67 85.00 + 2.89 0.273 0.770
Feed intake (g x fish™") 15.07 £ 1.16 17.34 £+ 1.65 18.55 + 0.88 1.947 0.223
Feed conversion ratio 1.59 + 0.06 1.46 + 0.04 1.40 £ 0.05 4.019 0.078
Protein efficiency rate 1.57 £ 0.06a 1.70 £ 0.05ab 1.78 £ 0.06b 3.587 0.044

Values with the different letters within the same row are significantly different at P < 0.05; weight gain (%) = (final mean body weight — initial
mean body weight)/initial mean body weight; specific growth rate (% day™') = 100 x (In (final mean body weight) — In (initial mean body
weight))/days; feed conversion ratio = g feed intake/(g final fish weight — g initial fish weight + g dead fish); protein efficiency rate = (g final
fish weight — g initial fish weight + g dead fish)/(feed intake x dietary protein level)
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Table 3 Effect of dietary .
t10c12 CLA levels on Diet nos. ANOVA
composition of muscle and liver 1 2 3 F value P value
of juvenile S. hasta (percentage
of live weight) Muscle
Moisture (%) 79.83 £ 0.80 80.48 + 0.54 79.65 £+ 1.14 0.257 0.781
Protein (%) 17.12 + 0.24 17.33 £ 0.37 17.90 £+ 0.45 1.222 0.359
Lipid (%) 2.63 £+ 0.04b 2.36 £+ 0.08a 221 £ 0.04a 14.211 0.005
Ash (%) 1.31 +£ 0.08 1.29 + 0.02 1.38 + 0.06 0.716 0.526
Lipid/protein ratio 0.15 £ 0.00 0.14 £ 0.01 0.12 £ 0.01 22.017 0.002
Liver
Moisture (%) 64.85 £ 0.46 64.48 + 0.55 65.59 + 0.59 1.108 0.389
Values with different letters Protein (%) 10.90 £+ 0.24 11.57 £ 0.19 11.13 £ 0.17 2.960 0.128
within the same row are Lipid (%) 21.71 £ 0.52¢ 20.28 + 0.25b 17.97 £ 0.13a 30.151 0.001
significantly different at Lipid/protein ratio 1.92 £ 0.12 1.79 4 0.01 1.81 & 0.07 2212 0.191
P < 0.05
0.25 0. 40
= =2 0.3
on L 5}
2 020 S 0.30
B - 0.25
2 015t g
= 5 0.20
= E )
= 0.10 | % 0.15
~ 0.10
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1/[carnitine] (mM")

-1.00 -0.50 0.00

Fig. 1 Lineweaver—Burk plots of initial velocity against carnitine at
varied substrate concentration for liver of S. hasta. Values represent
the means and standard error of mean (SEM), n = 3. The values of R?
for fish fed diet 1 (filled squares), diet 2 (open triangles) and diet 3
(solid line) were 0.99, 0.99, 0.98, respectively

1/v (oM 'min mg protein)

-0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
1/[carnitine] (mM")

Fig. 2 Lineweaver—Burk plots of initial velocity against carnitine at
varied substrate concentration for muscle of S. hasta. Values represent
the means and standard error of mean (SEM), n = 3. The values of R?
for fish fed diet 1 (filled squares), diet 2 (open triangles) and diet 3
(solid line) were 0.99, 0.98, 0.99, respectively

1/[palmitoyl-CoAl (mM ")

Fig. 3 Lineweaver—Burk plots of initial velocity against palmitoyl-
CoA at varied substrate concentration for liver of S. hasta. Values
represent the means and standard error of mean (SEM), n = 3. The
values of R? for fish fed diet 1 (filled squares), diet 2 (open triangles)
and diet 3 (solid line) were 0.98, 0.98, 0.98, respectively

1/v (oM 'min mg protein)

Y,
000

0. 05 0. 00 0.05 0.10 0.15 0.20 0.25
1/[palmitoyl-CoA] (mM ")

-0.10

Fig. 4 Lineweaver—Burk plots of initial velocity against palmitoyl-
CoA at varied substrate concentration for muscle of S. hasta. Values
represent the means and standard error of mean (SEM), n = 3. The
values of R for fish fed diet 1 (filled squares), diet 2 (open triangles)
and diet 3 (solid line) were 0.98, 0.98, 0.97, respectively
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Table 4 Effect of dietary t10c12 CLA levels on CPT I kinetic constants in liver of S. hasta with carnitine and palmitoyl-CoA as substrates

in vitro, respectively

Diet nos. ANOVA
1 3 F value P value
CPT 1 activity ("M min~"' mg prot™") 19.37 £ 0.76 20.83 £ 0.38 19.54 £ 0.58 1.829 0.240
Carnitine as substrate
Ko (10° nM) 1.25 &+ 0.06b 1.04 £+ 0.06b 0.72 £ 0.07a 18.440 0.003
Vimax (®M min~" mg prot™") 27.31 £ 0.36 27.46 £+ 0.40 26.93 + 0.63 0.322 0.737
CE (1075 min~" mg prot™") 220 + 0.13a 2.67 + 0.13a 3.78 + 0.27b 18.482 0.003
Palmitoyl-CoA as substrate
K (10° nM) 34.07 &+ 1.91ab 36.44 £+ 1.13b 31.48 £ 0.70 3.403 0.103
Vimax (®M min~" mg prot™") 22.46 % 0.69a 26.53 £ 0.25b 28.44 £+ 0.33¢ 43.370 0.000
CE (10~ min~" mg prot ") 0.66 £+ 0.02a 0.73 &+ 0.02a 0.91 + 0.03b 31.858 0.001

Values with different letters within the same row are significantly different at P < 0.05

CE catalytic efficiency

Table 5 Effect of dietary t10c12 CLA levels on CPT I kinetic constants in muscle of S. hasta with carnitine and palmitoyl-CoA as substrates

in vitro, respectively

Diet nos. ANOVA
1 3 F value P value
CPT T activity (nM min~"' mg prot™") 17.50 £ 0.70a 21.57 £ 0.55b 2497 £ 0.67c 33.659 0.001
Carnitine as substrate
K (10° nM) 2.07 £ 0.04a 2.51 £ 0.18b 2.59 £ 0.07b 6.398 0.033
Vinax (MM min~" mg prot™") 25.74 £ 0.40a 35.02 £+ 1.58b 41.04 £ 0.29¢ 65.297 0.000
CE (107° min~" mg prot™") 1.24 £ 0.01a 1.40 £ 0.04b 1.59 £ 0.04c 34.794 0.001
Palmitoyl-CoA as substrate
K., (10° nM) 17.28 £ 0.75b 15.63 £+ 1.23ab 12.80 £ 0.17a 7.265 0.025
Vinax (MM min~" mg prot™") 13.90 £ 0.12a 15.59 £ 0.30b 18.23 + 0.15¢ 113.736 0.000
CE (10? min~" mg prot™") 0.81 £ 0.03a 1.00 + 0.06b 1.42 £ 0.03¢ 56.166 0.000

Values with different letters within the same row are significantly different at P < 0.05

CE catalytic efficiency

oxidation in 3T3-L1 adipocytes [39]. However, it is unclear
whether CLA has the ability to alter lipid metabolism in fish
in a manner similar to that of mammalian models [30]. Our
data indicate that the lipid-lowering effect of t10c12 CLA is,
at least partly, due to increased fatty acids entry in mito-
chondria, as shown in increased catalytic efficiency of CPT I
observed in the present study. In contrast, in our recent study,
increased liver lipid content is observed in fish fed a diet
containing a mixture of c9t11 and t10c12 CLA isomers (Luo
et al., in preparation). The differences involved in the effect of
CLA obtained in the present study and other reports may be
attributable to differences in relative proportion of each iso-
mer in a dietary CLA mixture. Metges et al. [11] demonstrate
that c9tl1 CLA and t10c12 CLA have distinctly different
effects on lipid metabolism in adipocytes. c9tl1 CLA
increases lipid accumulation in white and brown adipocytes.
t10c12 CLA, on the other hand, decreases lipid accumulation
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in both cell types by decreasing glucose incorporation into
FA. Brown and Mclnstosh [40] find that t10c12 CLA atten-
uates TAG content and differentiation in primary cultures of
human adipocytes, but that the c9t11 CLA isomer increases
TAG accumulation.

Our study indicates that no significant differences are
observed in hepatic CPT I activities among the treatments.
Similarly, studies indicate that dietary CLA does not signifi-
cantly influence hepatic CPT I activity in several fish species
[7, 8]. In the present study, CPT I activity in muscle increases
with the dietary CLA level. Similarly, CLA significantly
increases CPT I activity in muscle tissue [7, 41]. Several other
in-vivo experiments in mice also report that t10c12 CLA
causes an increase in CPT activity, with a greater effect being
exerted by the t10c12 CLA isomer [42]. On the other hand, in
our study, dietary polyunsaturated fatty acid (PUFA) contents
decline with t10c12 CLA inclusion at the expense of fish oil.
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Recently, Morash et al. [43] suggested that fish fed a high
PUFA diet significantly increased CPT I mRNA expression in
red muscle and liver. They also pointed out that this increased
CPT I expression in red muscle and liver was not reflected in
CPT I maximum velocity in fish fed the PUFA diet.
Accordingly, CPT I activity in muscle and liver obtained in
the present study may reflect increasing dietary t10c12
inclusion, or declining PUFA content with t10c12 CLA
inclusion, or both in combination.

In the present study, constant V..., reduced K,, and
increased catalytic efficiency of the CPT I enzyme with
carnitine as the substrate were observed in liver of fish fed
increasing t10c12 CLA isomer. When using palmitoyl-CoA
as the substrate, constant K, increasing V.« and catalytic
efficiency were observed in livers of fish fed increasing
t10c12 CLA isomer. K, can be a very useful index for
evaluation of the substrate status in the tissue [44]. Patterns
of enzyme V.« are useful in revealing differences in fatty
acid oxidation capacity [45]. Enzymatic catalytic efficiency
relates total enzyme concentration to the interaction
between the enzyme and the substrate. Therefore, reduced
hepatic lipid content observed in the control may be due to
the increased affinity of the enzyme for substrates (K,) and
reduced catalytic efficiency. Reduced muscle lipid content
observed in the control may be due to the increased V.«
and the high catalytic efficiency of CPT I for fish fed the
t10c12 CLA-supplemented diet, which indicates that the
fish have a high capacity for B-oxidation of long-chain fatty
acids. In addition, the differences in kinetic behavior as a
response to dietary CLA may be associated with the
expression profile of CPT I isoforms. Studies have shown
that mammalian tissues express three isoforms of CPT I, a
liver, L-CPT I, and a heart/skeletal muscle, M-CPT I, that
are 62 % identical in amino acid sequence [46] and a brain
isoform, CPT Ic, that is 54 % identical to L- and M-CPT 1
[47]. The CPT I isoforms are expressed in a variety of tis-
sues other than those for which they are named, and in
variable and unpredictable amounts [46]. They also possess
very different kinetic properties and sensitivity to inhibitor
malonyl-CoA [15]. Accordingly, it is reasonable to specu-
late that different kinetic constants of CPT I in a response to
dietary CLA isomer are related to the levels of CPT I iso-
forms expressed. However, further experiments will be
needed for this aspect.

In summary, dietary t10c12 CLA isomer addition sig-
nificantly improves growth performance and feed utiliza-
tion, reduces muscle and liver lipid contents in juvenile
S. hasta. The lipid-lowering effect of t10c12 CLA observed
in S. hasta juveniles may be due to the change of kinetic
constants of CPT I. Thus, t10c12 CLA can hopefully be
used as a helpful dietary additive for S. hasta farming since
it improves growth performance and reduced hepatic lipid
contents.
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