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This study was designed to evaluate the effect of dietary lipid levels on the mRNA
transcripts of lipid metabolic regulatory genes. Nine combinations of experimental diets
containing graded lipid (80, 100, and 120 g/kg) and protein (450, 500, and 550 g/kg)
levels were fed to the Clarias magur (Indian walking catfish) larvae from 14 to 35 dph
(day post hatching). All the lipolytic genes, such as pancreatic triacylglycerol lipase (PL),
lipoprotein lipase (LPL), and bile salt-activated lipase (BAL), and genes for long-chain
polyunsaturated fatty acid (LC-PUFA) biosynthetic enzymes like fatty acyl desaturase-2
(FADS2), fatty acyl desaturase-5 (FADS5), and elongase (ELOV ) were expressed in a
wide range of tissues. A high abundance of mRNA transcript levels of lipolytic genes
was detected in the intestine and liver, and similarly, desaturases and elongase were
predominantly found to be expressed in the liver, brain, and intestine. Among the diets,
a significantly high expression of both lipolytic and LC-PUFA biosynthetic genes were
observed at 8% dietary lipid level. The mRNA expression of all the studied genes was
down-regulated at 12% dietary lipid contents. Hence, the present study concludes that
the efficient nutrient utilization and the lipid metabolic pathway occur at the optimum
dietary lipid level of 8% in C. magur larvae.

Keywords: dietary lipid, lipolytic, desaturase, elongase, transcript, Clarias magur

INTRODUCTION

Dietary lipids are considered to be the important source of energy and the essential fatty acids for
the fish among all the nutrients besides acting as the carriers of fat soluble vitamins (Liu et al.,
2018). Dietary lipids also have the property of protein sparing action where the optimum levels
of lipid inclusion in the diets results in the proficient utilization of dietary protein for improved
growth performance (Cho and Kaushik, 1990). The high dietary lipid level might lead to lipid
accumulation in the body which should not mislead to a pathological condition but could be a
strategy in the natural environment of fish in order to survive during the periods of starvation (Kjaer
et al., 2009; Han et al., 2011). However, in cultured conditions where fishes are fed continuously, fat
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accumulation in the body could be a problem and may affect the
feed intake and the lipid metabolic enzymes of the fish (Martino
et al., 2002; Du et al., 2008).

A plethora of reports revealed the impact of dietary lipid levels
on the lipid metabolic enzymes of fish (Alvarez et al., 2000; Wang
et al., 2005; Zheng et al., 2010). The high dietary lipid beyond the
optimal level leads to negative impact on the metabolic enzymes
like lipoprotein lipase (LPL), pancreatic lipase (PL), and hepatic
lipase (HL) during the early larval development of Darkbarbel
catfish (Zheng et al., 2010). Li et al. (2016) also concluded that
dietary lipid level had a great impact on the lipid metabolism
related genes in orange-spotted grouper.

Several lipases belonging to the same family are responsible for
the lipolytic breakdown of dietary lipids. LPL, PL, and BAL have
a significant level of structural resemblance and perform distinct
functions in lipid metabolism (Wong and Schotz, 2002). The LPL
plays a crucial role in the metabolism of plasma lipoproteins,
and its expression is regulated by the physiological, nutritional,
and developmental state of animals in a tissue-specific manner
(Tavangar et al., 1992; Wang et al., 2016). On the other hand, PL
and BAL are also important lipases secreted from pancreas which
are also essential for the metabolic breakdown of dietary lipids. PL
is substrate specific and leads to the breakdown of triacylglycerol
(TAG) into diacylglycerol (DAG), monoacylglycerol (MAG), and
eventually the free fatty acids. Whereas, BAL catalyzes the lysis
of carboxyl ester bonds of phospholipids, fat-soluble vitamin
esters, and cholesterol esters in addition to triglycerides and
has been revealed to be the most important digestive lipase
in teleosts (Gjellesvik et al., 1992; Wang and Hartsuck, 1993;
González-Félix et al., 2018).

Freshwater fishes have the ability to desaturate and elongate
linolenic (18:3n-3) and linolenic acid (18:2n-6) to produce
the n-3 and n-6 LC-PUFA, respectively with the help of
desaturase and elongase enzymes (Leonard et al., 2004; Zheng
et al., 2004; Bell and Tocher, 2009). The biosynthesis of
LC-PUFA is initiated by the insertion of double bonds
at selected positions, which is catalyzed by the fatty acid
desaturases (FADS), more specifically FADS6 and FADS5
(Sprecher, 1981). The desaturase FADS-6 enzyme is encoded
by the gene fatty acid desaturase-2 (FADS2) and is mainly
responsible for the rate-limiting step of fatty acid biosynthesis of
arachidonic acid (Nakamura and Nara, 2004; Gol et al., 2018).
The biosynthesis of highly unsaturated fatty acids like EPA
(eicosapentaenoic acid) requires FADS6 desaturase-mediated
desaturation of 18:3n-3 to produce 18:4n-3 and elongation
catalyzed by elongase followed by a desaturation by FADS5
(Cook, 1996). However, the synthesis of DHA (docosahexaenoic
acid) requires two additional steps viz. desaturation catalyzed
by 16 desaturase and a peroxisomal chain shortening step
(Sprecher et al., 1995).

Clarias magur is an important food fish of aquacultural
importance with good growth potential and excellent nutritional
profile due to its low fat (1%), high protein (15%), and high
iron (710 mg/100 g) contents (Hossain et al., 2006; Argungu
et al., 2013). The aim of the present study was to investigate the
effect of dietary lipid levels on the lipid breakdown and fatty
acid synthetic pathways at the molecular level and to determine

the optimal amount of lipids to be incorporated in the diets of
C. magur larvae.

MATERIALS AND METHODS

Experimental Design
A dietary strategy was designed containing graded levels of
lipids with constant protein contents among all the treatments
to elucidate their effect on the mRNA expression of lipid
metabolism-related genes of C. magur from 14 to 35 dph (days
post hatching). During the rearing period, different water quality
parameters like dissolved oxygen, temperature, and pH were
observed to be in the optimum ranges of 6–8 mg L−1, 28–30◦C
and 7.8–8.2, respectively. The experiment conducted from the 14
dph stage was based on the inference from our previous study
(Mir et al., 2019), where the C. magur was found to efficiently
utilize dietary lipids from 13 dph onward. Nine experimental
diets were prepared with combination of three lipids (8, 10, and
12%) and three protein levels (55, 50, and 45%). The protein
contents were decreased from 55 to 45% in all treatments (T1,
T2, and T3), since the requirement of dietary protein reduces as
the fish grows with age. The experimental design and the dietary
combinations followed are mentioned in Table 1. The feeding
trial was carried to evaluate the effect of the experimental diets on
the relative mRNA expression of lipid metabolism-related genes
viz. LPL, PL, BAL, fatty acyl desaturase-2 (FADS2), fatty acyl
desaturase-5 (FADS5), and fatty acyl elongase (ELOV).

Formulation and Preparation of
Experimental Diets
The experimental diets were prepared by using several
commercially available feed ingredients (Table 2). Soya
protein hydrolysate (SPH) and fish protein hydrolysate
(FPH) were procured from New Alliance Dye Chem Pvt. Ltd.
(Mumbai, India) and Jeevan chemical Pvt. Ltd. (Mumbai, India),
respectively. Nine experimental diets of variable lipid and protein
contents were formulated and prepared in the Fish Nutrition
and Feed Technology Laboratory of ICAR-Central Institute of
Fisheries Education. The diets were composed of 45% crude
protein (CP) and 8% lipid level (CL)-F1; 50% CP 8% CL (F2);
55% CP 8% CL (F3); 45% CP 10% CL (F4); 50% CP 10% CL (F5);
55% CP 10% CL (F6); 45% CP 12% CL (F7); 50% CP 12% CL
(F8); and 55% CP with 12% CL (F9) as displayed in Table 2.

All the selected ingredients were accurately weighed and
thoroughly mixed with adequate addition of water, except soya

TABLE 1 | Experimental design.

Age in day post
hatch (dph)

T1 (8% lipid) T2 (10% lipid) T3 (12% lipid)

14–21 55% CP 55% CP 55% CP

21–28 50% CP 50% CP 50% CP

28–35 45% CP 45% CP 45% CP

T1- Treatment 1; T2- Treatment 2; T3- Treatment 3. 14–21, 21–28, and 28–35
stands for rearing periods or age in dph. CP – Crude protein.
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TABLE 2 | Composition of the Experimental Diets (% DM).

Ingredients 45/8 F1 50/8 F2 55/8 F3 45/10 F4 50/10 F5 55/10 F6 45/12 F7 50/12 F8 55/12 F9

Level level level level level level level level level

Fish meal 32 32 32 32 32 32 32 32 32

Soybean meal 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5

Shrimp meal 8 8 8 8 8 8 8 8 8

Soya protein hydrolysate 10.6 14.5 18.5 10.6 14.5 18.5 10.6 14.5 18.5

Fish protein hydrolysate 10.6 14.5 18.5 10.6 14.5 18.5 10.6 14.5 18.5

Wheat flour 21.48 13.18 5.18 19.48 11.18 3.18 17.48 9.18 1.18

Sunflower: Fish oil mix (1:1) 3.5 4 4 5.5 6 6 7.5 8 8

Soy lecithin 3 3 3 3 3 3 3 3 3

Vitamin C 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Betaine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Vit-min mix 3 3 3 3 3 3 3 3 3

BHT 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Choline chloride 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

CMC 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7

Total 100 100 100 100 100 100 100 100 100

lecithin, vitamin C, oil, and vitamin-mineral mix. The dough of
the mixture was steam-cooked for 15 min in autoclave and then
cooled to room temperature. Additives like butylated hydroxyl
toluene (BHT) dissolved in oil, premix of vitamin-mineral mix,
and vitamin C along with betaine and choline chloride were
mixed thoroughly to the dough for homogenous distribution of
the respective additives. The dough was then formed into pellets
by a pelletizer with 1 mm diameter die size and later transferred
to a spheronizer. The moist pellets were air-dried for some time
and then kept in a hot air oven at 40◦C until the moisture level
reduces to 10–12%. The dried pellets were crumbled to small size
particulate feeds and were packed in airtight zipper bags to be
used for the feeding trial.

Sampling
The collection of samples was done randomly in the morning
before the feeding of fishes. Gene expression analysis was carried
out by sampling six different pools of larvae from the three
experimental larval rearing tanks each stocked with 500 larvae.
The samples were taken at 21 dph (35 larvae numbers), 28 dph
(30 larvae), and 35 dph (19 larvae) in all the three treatments
for analysis after being euthanized with ice-cold water. Moreover,
the tissues such as liver, brain, stomach, intestine, muscle, and
gill were collected from adult fishes in triplicates for basal
distribution of the selected genes.

RNA Isolation and cDNA Synthesis
Total RNA was extracted from the whole larval samples taken
at the abovementioned time points of the study, using TrizolTM

reagent (Invitrogen, United States) as per manufacturer’s
instructions. The genomic DNA was removed from the extracted
RNA using DNase I (Thermo Scientific, United States) treatment
following our previously published study (Mir et al., 2018b). The
concentration of RNA as well as the purity was determined by
NanoDrop spectrophotometer (Thermo Scientific, United States)
at an optical density of 260/280. The cDNA were synthesized

from DNAse-treated RNA using the RevertAidTM First Strand
cDNA Synthesis kit (Thermo Scientific, United States) with
Oligo(dT) primer as per the protocol of manufacturer.

Molecular Cloning and Sequencing of
FADS2 and FADS5 Genes
The fatty acyl desaturases selected in the present study were first
cloned as no such earlier sequence of these genes was available
from the GenBank. Primers from the sequences of closely related
fish species were designed for FADS2 and FADS5 genes (Table 3),
using Gene Runner software (v. 4.0.9.62), for sequencing in
C. magur. Amplification reaction was carried out by using a
20-µL reaction volume under the conditions as follows: initial
denaturation or pre-heating at 94◦C for 4 min, followed by
35 cycles at 94◦C for 30 s, annealing at 57◦C (FADS2) and
59◦C (FADS5) for 30 s, 72◦C for 40 s and a post extension of
10 min at 72◦C by using 96-well PCR System (Takara, Japan).
The amplified PCR products with expected band sizes were
excised from gel, cloned into the pTZ57R/T vector (Thermo
Scientific, United States), then sequenced and confirmed by
NCBI BLAST analysis.

Sequence Similarity and Phylogenetic
Analysis of FADS2 and FADS5 Protein
The sequence similarity of the FADS2 and FADS5 putative
proteins was evaluated by using the BLASTP algorithm of the

TABLE 3 | Primers used for the amplification of FADS2 and FADS5 genes.

Primer name Primer sequence (5′-3′) Purpose

FADS2 F GATGGGCGGCGGAAGACACC Partial amplification

FADS2 R GCATGGTGCTGAAAGTGCCGA Partial amplification

FADS5 F GAGGGATGCGAGGTGGTGGACCG Partial amplification

FADS5 R GAACATGACGACAGGGTCAGCCAGC Partial amplification
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NCBI. The phylogenetic analyses of both the sequences were
done with sequences of other fishes and mammals deposited in
NCBI GenBank, using the MEGA 7.0 software.

Quantitative Real-Time PCR (qPCR)
Primers for qPCR analysis were listed in Table 4 and were
designed from the already submitted sequences to the GenBank.
The PCR efficiency (E) of primers was determined by using
the formula: E (%) = (10−1/slope

−1) × 100. The primers
with efficiency in the ranges of 95–105% were selected for
quantitative gene expression analysis (Kubista et al., 2006).
The mRNA transcript levels of respective genes were carried
out in a LightCycler R© Real-time PCR detection system (Roche,
United States). Beta actin (β-actin) was selected as internal
control for the expression analysis of lipid metabolism related
genes as per our previous report (Mir et al., 2018a).

The reaction volume (25 µL) comprising of 12.5 µL of
MaximaTM SYBR Green qPCR master mix (Thermo Scientific,
United States), 1 µL (10 pM) of each forward and reverse primer,
1 µL (100 ng) of cDNA, and 9.5 µL nuclease-free water was
used for the amplification in qPCR. Each sample was divided
into two wells each with 10-µL volume. The real-time PCR
program followed was pre-heating of 10 min at 95◦C, followed
by denaturation of 40 cycles at 95◦C for 20 s, annealing at 58◦C
(PL gene), 59◦C (LPL gene), 59◦C (BAL gene), 60◦C (FADS2
gene), 57◦C (FADS5 gene) and 59◦C (ELOV gene) for 30 s and
final extension of 30 s at 72◦C. The qPCR analysis was done by
following the 2−1Ct method (Livak and Schmittgen, 2001).

Statistical Analysis
One and two-way ANOVA was used for the analysis of data
at P < 0.05 significance level. Shapiro-Wilk’s test was used
for evaluating the normality, and equality of variances was
determined by Levene’s test before carrying out ANOVA. SPSS
22.0 software was used to conduct all the statistical analysis (SPSS
Inc., United States).

TABLE 4 | Primers used for the qRT-PCR analysis of lipolytic and long-chain fatty
acid biosynthesis related genes.

Primer name Primer sequence (5′-3′) Purpose

LPL F CAAGTTCGTGAACGTGATCGTGGT Quantitative PCR

LPL R GATGGCGGTGTTCTTGGTCAGC

PL F AGATGCCCAGAGCACACTGTCCC Quantitative PCR

PL R CTGGTCCATGTTTCTCAATCCTGTG

BAL F CGAAGGACACCAGGGCTTGGAA Quantitative PCR

BAL R GGCATCGCTGGGGTCCAGTC

FADS2 F GGAGGCACAGGGCTTATTCCGC

FADS2 R CCATCCAGCCTGAGCCTGTGCA Quantitative PCR

FADS5 F TACTCCCTACTCCTCATCCCCAAGG

FADS5 R GGCAGCCAGGAAGATCCTTAAAGG Quantitative PCR

ELOV F CTCGAATGGGGCGACTCCTAAAGAC

ELOV R GCAGTGTGTAGACTCGGGAAGTCGA Quantitative PCR

Beta Actin F TGCCCCAGAGGAGCACCCTG Internal control

Beta Actin R GACCAGAGGCGTACAGGGACAGC

RESULTS

Growth
The growth of the larvae on average wet weight basis was
assessed in all the treatments and was observed to be significantly
high at 8% dietary lipid level as shown in our previous report
(Mir et al., 2020).

Cloning of C. magur FADS2 and FADS5
Genes
Nucleotide sequences of 612 and 507 bp were acquired
from C. magur for FADS2 and FADS5 genes, respectively
(Figure 1). The size of the putative proteins were 204
(FADS2) and 169 (FADS5) amino acid residues. The respective
sequences were later submitted to the GenBank database
under the accession numbers MG654483.1 (FADS2) and
MG654484.1 (FADS5).

Homology and Phylogenetic Analysis
The protein sequence of C. magur FADS2 showed 65–95%
similarity with other fish species and around 57–62% with
mammals using protein BLAST of NCBI. On the other hand,
FADS5 putative protein of C. magur displayed 67–89% similarity
with other fish and 64–75% with mammalian species.

Phylogenetic neighbor joining tree analysis of C. magur
FADS2 showed more similarity with other catfish like Thai
magur, pangas, and marine catfishes and, hence, were
clustered in one clade (Figure 2). Similarly, the FADS5
putative protein exhibited higher similarity with other marine
catfish (Figure 3).

Tissue Distribution of Lipolytic Genes
Quantitative real-time PCR analysis showed that all the selected
genes related to lipolysis were broadly distributed and their
mRNA expression varied among the tissues (Figure 4). The
significantly high level of LPL mRNA expression was observed
in intestine and liver followed by muscle, and least transcript level
was found in gill and stomach. PL gene showed higher expression
in intestine followed by liver, and significantly low levels were
observed in brain, stomach, muscle, and gill tissues. In addition,
BAL transcript levels were significantly high in intestine followed
by liver and the rest of studied tissues.

Tissue Distribution of Desaturase and
Elongase Genes
In the present study, qPCR analysis of the desaturase and
elongase genes displayed a variable pattern of expression among
different tissues (Figure 5). C. magur FADS2 exhibited a
significantly high level of mRNA expression in liver followed by
brain, intestine, stomach, muscle, and gill. Furthermore, FADS5
transcript level was found to be highest in liver followed by brain
and intestine among the other tissues. However, the expression
of ELOV gene was high in the brain, liver, and intestine with no
significant difference, while a least transcript level was observed
in the rest of the tissues studied (stomach, muscle, and gill).
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FIGURE 1 | (A) PCR amplified product, Lane M; 100 bp plus ladder (Fermentas, United States) and Lane 1 fatty acid desaturase2 (FADS2) amplified product
(612 bp). (B) PCR amplified product, Lane M; 100 bp plus ladder (Fermentas, United States) and, Lanes 1 and 2; fatty acid desaturase5 (FADS5) amplified product
(507 bp).

FIGURE 2 | Phylogenetic analysis of C. magur FADS2 putative protein was done using MEGA 7.0 software. Phylogenetic relationship with other piscine and selected
mammalian FADS2 proteins. The evolutionary tree was formed using the neighbor-joining method and a bootstrap analysis with 1000 replicates was used to assess
the strength of nodes in the tree. Accession numbers are given in the brackets.

Quantitative Expression of Lipolytic
Genes
The mRNA expression of lipolytic genes in response to graded
dietary lipid levels was assessed in whole larval samples of
C. magur at different time points as displayed in Table 5.
Significant difference was observed among the relative expression
of lipolytic genes between all the combinations of lipid and
age groups within the treatments. The level of LPL mRNA

expression decreased significantly (P < 0.05) from 21 to 35 dph
in the treatments from T1 to T3. PL gene did not exhibit a
significant (P > 0.05) difference in the mRNA expression during
21 and 28 dph in T1 and T2 treatments. In T1, the relative
expression further declined in 35 dph, whereas in T2, it increased
significantly during 35 dph among all the other groups. However,
a significantly (P < 0.05) low expression level was observed in T3
group at all the time points. Similarly, the mRNA expression of
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FIGURE 3 | Phylogenetic analysis of C. magur FADS5 putative protein was done using MEGA 7.0 software. Phylogenetic relationship with other piscine and selected
mammalian FADS5 proteins. The evolutionary tree was formed using the neighbor-joining method and a bootstrap analysis with 1000 replicates was used to assess
the strength of nodes in the tree. Accession numbers are given in the brackets.

FIGURE 4 | Quantitative analysis of the relative mRNA expression levels of LPL (A), PL (B) and BAL (C) in different tissues of C. magur. Data (mean ± SEM, n = 3)
were expressed relative to expression of β-actin gene. Groups with different letters were significantly (P < 0.05) different.

BAL gene was found to be significantly high during the 21 dph
of T1 treatment among all the other groups. Although there was
no significant difference between T1 and T2 but, the expression
level declined from 21 to 35 dph in both the treatments. Like the
other two lipolytic genes, BAL gene showed a low expression level
in the treatment T3 (12% lipid level).

The individual effect of lipid and age revealed that 10%
lipid level exhibits a significantly high level of LPL expression
compared to the other two levels and 21 and 28 dph time

points did not show any significant difference and was higher
than 35 dph. Lipid has a significant influence on the mRNA
expression pattern of PL and BAL. There was no significant
difference in the level of PL gene expression in 8 and 10%
lipid levels and was observed to be higher than 12% lipid
level. Age of the larvae did not display any significant effect
on the mRNA expression pattern of PL gene. The BAL gene
expression was found to be significantly high at 8% lipid level
followed by 10 and 12%. Like the PL gene, the age has no
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FIGURE 5 | Quantitative analysis of the relative mRNA expression levels of FADS2 (A), FADS5 (B), and ELOV (C) in different tissues of C. magur. Data
(mean ± SEM, n = 3) were expressed relative to expression of β-actin gene. Groups with different letters were significantly (P < 0.05) different.

significant effect on the expression of BAL gene. The insignificant
difference due to age might be also due to level of protein
as the particular age represents a specific dietary protein level
as mentioned in the experimental design. The lipolytic genes
studied in the present study did not exhibit any interaction effect
between lipid and age.

Quantitative Expression of FADS2,
FADS5, and ELOV Genes
The regulation of expression of different genes related to
fatty acid synthesis in response to the feeding graded
levels of dietary lipid during different time points was
evaluated and is shown in Table 6. The expression of all
the genes vary in the three treatments with significantly
low expression level in T3 compared to T1 and T2. Dietary
lipid showed a significant effect on the mRNA transcript
level of FADS2, FADS5, and ELOV with high expression at
8% lipid content than 10 and 12% levels. So far as effect
of age is concerned, the mRNA expression of FADS2 gene
exhibited a significant increasing trend from 21 to 35 dph.
However, there was a significantly higher expression of
FADS5 at 35 dph and with no significant difference at 21 and
28 dph age groups.

A variable level of mRNA expression patterns of ELOV
gene were observed in different dietary treatments across
the age groups. The mRNA transcript level was significantly
(P < 0.05) high at 8% dietary lipid level, and it was declined
as the content of lipid was increased in the experimental
diets. Unlike the desaturases studied in the present study, the
expression of ELOV was not affected by age, and there was no
significant difference.

DISCUSSION

Lipid nutrition in fish has attracted the researcher’s interest
in particular with the diversity in requirements and lipid
metabolism, such as the mechanism and pathways of long-
chain polyunsaturated fatty acid (LC-PUFA) biosynthesis among
different species (Bell and Tocher, 2009). Fatty acid desaturases
and elongases form the important enzymes for biosynthesis of
LC-PUFA especially EPA, DHA, and AA. Among the desaturases,
15 and 16 fatty acid desaturases form key enzymes which lack
in marine fish along with the elongases (Sargent et al., 2002;
Tocher, 2003). However, delta-6-desaturase enzyme is encoded
by the fatty acid desaturase-2 (FADS2) gene, which is responsible
for the rate-limiting step in the biosynthesis of LC-PUFA (Gol
et al., 2018). Delta 5-Desaturase (FADS5) is a fatty acid metabolic
enzyme which is responsible for the biosynthesis of EPA and
DHA. FADS5 uses eicosatetraenoic acid (ETA, 20:4n-3) as a
substrate and leads to the insertion of a double bond for the
synthesis of EPA. On the other hand, lipolysis is also an important
biochemical pathway responsible for the breakdown of lipids
to make them usable for energy and several body functions.
Dietary lipids have a great impact on the biosynthetic and
lipolytic pathway of fish that varies with the type of species.
In the present study, the key desaturases (FADS2 and FADS5)
were characterized partially in order to elucidate the pattern of
expression in freshwater fish C. magur fed with variable level of
lipids. The putative proteins of FADS2 and FADS5 showed more
similarity to other catfish species as shown in the phylogenetic
neighbor joining tree analysis, which infer that genes are highly
conserved among the catfishes.

Tissue distribution studies revealed a variable pattern of
expression among the tissues taken in the present study. The
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TABLE 5 | Effects of dietary lipid levels and age on the expression of lipolytic
genes of C. magur.

Treatments LPL PL BAL

T1 8 × 55 × 21 1.41ab
± 0.40 1.76ab

± 0.48 3.02a
± 0.64

T1 8 × 50 × 28 1.13abc
± 0.22 1.84ab

± 0.15 2.04ab
± 0.34

T1 8 × 45 × 35 0.45bcd
± 0.18 0.78bc

± 0.26 2.25ab
± 0.44

T2 10 × 55 × 21 1.13abc
± 0.18 1.69ab

± 0.38 1.60b
± 0.06

T2 10 × 50 × 28 1.52a
± 0.25 1.77ab

± 0.35 2.24ab
± 0.13

T2 10 × 45 × 35 0.80bcd
± 0.55 2.71a

± 0.55 1.71b
± 0.21

T3 12 × 55 × 21 1.46a
± 0.38 0.70bc

± 0.37 1.47bc
± 0.4

T3 12 × 50 × 28 0.24cd
± 0.01 0.48c

± 0.27 0.50c
± 0.05

T3 12 × 45 × 35 0.11d
± 0.05 0.30c

± 0.07 0.54c
± 0.24

P value 0.0001 0.002 0.001

Effect of lipid

8 0.99ab 1.46a 2.44a

10 1.15a 2.06a 1.85b

12 0.61b 0.49b 0.84c

SEM 0.17 0.20 0.19

P value 0.10 0.0004 0.0005

Effect of age

21 1.33a 1.38 2.03

28 0.97a 1.36 1.59

35 0.45b 1.26 1.50

SEM 0.17 0.20 0.19

P value 0.007 0.91 0.14

Lipid × Age NS NS NS

Mean values in the same column with different superscript differ significantly
(P < 0.05). Data expressed as mean ± SEM, n = 6. T1 8 × 55 × 21- sample fed
with 8% lipid and 55% protein levels and collected at 21 dph. T1 8 × 50 × 28-
sample fed with 8% lipid and 50% protein levels and collected at 28 dph.
T1 8 × 45 × 35- sample fed with 8% lipid and 45% protein levels and
collected at 35 dph. T2 10 × 55 × 21- sample fed with 10% lipid and 55% protein
levels and collected at 21 dph. T210 × 50 × 28- sample fed with 10% lipid and 50%
protein levels and collected at 28 dph. T210 × 45 × 35- sample fed with 10% lipid
and 45% protein levels and collected at 35 dph. T3 12 × 55 × 21- sample fed with
12% lipid and 55% protein levels and collected at 21 dph. T312 × 50 × 28- sample
fed with 12% lipid and 50% protein levels and collected at 28 dph. T312 × 45 × 35-
sample fed with 12% lipid and 45% protein levels and collected at 35 dph.

lipolytic genes (LPL, PL, and BAL) primarily exhibited a high
relative expression in intestine. The high level of expression
of lipolytic genes in the intestine infers the maturation of gut
tissues responsible for the secretion of respective enzymes. The
high expression of lipolytic enzymes in the intestine was also
observed in the previous study in rohu and sardine fish (Nayak
et al., 2003). In contrast to our study, LPL mRNA expression was
significantly found high in liver in earlier reports on rainbow
trout and gilthead sea bream (Lindberg and Olivecrona, 2002;
Saera-Vila et al., 2005). On the other hand, desaturases and
elongase also exhibited a variable pattern of expression among
the different tissues. The higher transcript levels of FADS2 and
FADS5 were observed in liver followed by brain and intestine
among all the tissues, whereas significantly high ELOV mRNA
expression was found in brain followed by liver and intestine.
Aliyu-Paiko et al. (2013) also reported the highest expression of
desaturases and elongase in liver and brain of Channa striata.
The study is also corroborated by Zheng et al. (2009), with high
transcript level in liver and brain followed by intestine of cobia

TABLE 6 | Effects of dietary lipid levels and age on the expression of fatty acid
synthesis related genes of C. magur.

Treatments FADS2 FADS5 ELOV

T1 8 × 55 × 21 1.69bc
± 0.39 1.84bcd

± 0.25 1.51abc
± 0.27

T1 8 × 50 × 28 1.95ab
± 0.25 1.99bc

± 0.13 1.76ab
± 0.08

T1 8 × 45 × 35 2.55a
± 0.25 2.70a

± 0.34 1.97a
± 0.28

T2 10 × 55 × 21 1.21cd
± 0.22 1.33de

± 0.09 1.08bcd
± 0.19

T2 10 × 50 × 28 1.72bc
± 0.13 1.88bcd

± 0.05 1.43abc
± 0.09

T2 10 × 45 × 35 2.02ab
± 0.04 2.10b

± 0.01 1.45abc
± 0.33

T3 12 × 55 × 21 0.82d
± 0.08 1.07e

± 0.26 0.53d
± 0.09

T3 12 × 50 × 28 1.09cd
± 0.02 1.25e

± 0.08 0.91cd
± 0.05

T3 12 × 45 × 35 1.25cd
± 0.07 1.49cde

± 0.05 0.85cd
± 0.03

P value 0.002 0.0001 0.004

Effect of lipid

8 2.06a 2.18a 1.75a

10 1.65b 1.77b 1.32b

12 1.05c 1.27c 0.76c

SEM 0.11 0.10 0.12

P value 0.0001 0.0002 0.0001

Effect of age

21 1.24c 1.41b 1.04

28 1.59b 1.71b 1.36

35 1.94a 2.09a 1.42

SEM 0.11 0.10 0.12

P value 0.002 0.001 0.098

Lipid × Age NS NS NS

Mean values in the same column with different superscript differ significantly
(P < 0.05). Data expressed as mean ± SEM, n = 6. T1 8 × 55 × 21- sample fed
with 8% lipid and 55% protein levels and collected at 21 dph. T1 8 × 50 × 28-
sample fed with 8% lipid and 50% protein levels and collected at 28 dph.
T1 8 × 45 × 35- sample fed with 8% lipid and 45% protein levels and
collected at 35 dph. T2 10 × 55 × 21- sample fed with 10% lipid and 55% protein
levels and collected at 21 dph. T210 × 50 × 28- sample fed with 10% lipid and 50%
protein levels and collected at 28 dph. T210 × 45 × 35- sample fed with 10% lipid
and 45% protein levels and collected at 35 dph. T3 12 × 55 × 21- sample fed with
12% lipid and 55% protein levels and collected at 21 dph. T312 × 50 × 28- sample
fed with 12% lipid and 50% protein levels and collected at 28 dph. T312 × 45 × 35-
sample fed with 12% lipid and 45% protein levels and collected at 35 dph.

(Rachycentron canadum). Similarly, a widespread expression
pattern of desaturase and elongase was observed in the liver and
brain of rainbow trout, Oncorhynchus mykiss (Seiliez et al., 2001).
This indicates the liver has the central role in lipid metabolism,
where fatty acids are being synthesized and modified. The higher
expression of desaturases and elongase in the brain and liver
depicted the importance of LC-PUFA particularly DHA in neural
tissue development as suggested by Sargent et al. (2002).

Dietary lipid levels significantly influence the mRNA
expression of lipolytic genes. It was observed that 8 and 10%
lipid level exhibited high the expression level of LPL, PL, and
BAL genes compared to 12% lipid level. However, there was
no significant difference between 8 and 10% in the mRNA
abundance of LPL and PL, whereas, 8 and 10% lipid-fed groups
varied in the case of BAL expression. This suggests that there is
increased utilization of lipids at 8 and 10% dietary lipid levels
during larval development. Further, it revealed that BAL was
more responsive to dietary differences in lipid than LPL and PL.
It was reported that LPL mRNA expression level increased first
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and reached a plateau with increasing dietary lipid level from 5.8
to 19.9% in darkbarbel catfish larvae (Zheng et al., 2010), which
is in agreement with our study. Li et al. (2016) also found that the
LPL mRNA level of orange-spotted grouper larvae increased first
from 5.94 to 13.3% then remained constant and later declined
at 21.87% dietary lipid level. However, the mRNA expression of
LPL in different tissues like adipose tissue, liver, and muscle of
Megalobrama amblycephala was found to be high at 12% dietary
lipid levels (Li et al., 2013). This may be due to the different
optimum dietary requirement of lipids which varies from species
to species. Similarly, PL mRNA expression was also found to
decrease as the dietary lipid level increased from 13 to 23% in sea
bass (Cahu et al., 2003). Zheng et al. (2010) also reported that
PL activity decreased as the lipid content of diets was increased
in dark barbell catfish larvae. This decrease in activity can be
due to the nutritional regulation at transcriptional level. Bile
salt-activated lipase gene expression was found to be significantly
higher at 8% level and decreased further as the lipid level was
increased. It is clearly indicated that dietary lipid level affects the
expression of BAL, which is reported to be the common lipase
in teleosts (Patton et al., 1977). However, Hoehne-Reitan et al.
(2001) stated that the bile salt dependent lipase (BSDL) level of
turbot larvae was not significantly influenced by the lipid level
of the prey, which is a contrast statement with respect to our
results. Péres et al. (1996), on the other hand suggested that the
expression of digestive enzymes was affected by diet composition
at the transcriptional and translational levels. A decrease in
the efficiency or activity of digestive enzymes along with a
growth depressing effect due to high dietary lipid levels was
reported by Morais et al. (2007).

The temporal variation in expression levels of lipolytic genes
was evaluated, and it was found that only LPL displayed
significant difference in the relative mRNA levels. The significant
decrease in the LPL gene expression can be correlated with the
results of our previous study (Mir et al., 2019), where it showed a
declining trend after 16 dph. Whether the effect on the lipolytic
gene expression was due to age or difference in dietary protein
level could not be differentiated as the three time points represent
the samples fed with different protein levels. However, Cai et al.
(2017) suggested that the mRNA expression levels of key lipases
were mainly controlled by age in early stage and by the exogenous
feeding in later stages during the ontogenetic development of
large yellow croaker larvae.

In the present study, the regulation of biosynthesis of LC-
PUFA involving FADS2, FADS5, and ELOV in C. magur fed with
graded level of dietary lipid varies significantly. The biosynthetic
pathway of LC-PUFA was inhibited as the dietary lipid levels were
increased from 8 to 12%, as depicted by the down-regulation of
desaturases and elongase genes. The down-regulation could be
due to enhanced concentration of LC-PUFA in the treatments
with higher dietary lipid levels. The study is supported by several
previous reports in freshwater fish and mammals (Christiansen
et al., 1991; Izquierdo et al., 2008; Ren et al., 2012; Xu et al.,
2014; Nayak et al., 2018). The increasing pattern of FADS
expression during the developmental ontogeny of C. magur
from 21 to 35 dph suggested the enhanced capacity of LC-
PUFA biosynthesis as the larvae grows. Similar increase in the

FADS expression during larval development was also reported
in Channa striata and zebrafish (Monroig et al., 2009; Tan et al.,
2010; Jaya-Ram et al., 2011).

CONCLUSION

The study suggested that the efficient nutrient utilization and
the metabolism of lipids occurs at an optimum dietary lipid
level of 8%. Based on our results, feeding C. magur larvae
with a diet containing a high lipid level (12%) significantly
reduces its efficiency in the breakdown of complex lipids and the
biosynthetic pathway of LC-PUFA. Hence, the present study can
be used as a model for the optimization of dietary lipids and with
the potential to synthesize the long-chain PUFA’s at a suitable
lipid level without affecting the growth of the fish. Furthermore,
the effect of dietary lipids on fatty acid composition needs to be
studied in future.
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