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Response of appetite-related genes in
relation to the rearing water temperature
in red spotted grouper (Epinephelus akaara)
Eun-Jeong Jeon1, Byeong-Hoon Kim1 , Chi-Hoon Lee1,2 and Young-Don Lee1*

Abstract

Growth of fish is controlled by various environmental factors, including water temperature (WT). WT is also a major
factor that affects the eating behavior of fish. In this study, we studied the relationship between WT and expression
profiles of factors involved in appetite regulation and digestion in red spotted grouper. Fish were divided into three
groups with 30 fish per group and reared for 2 weeks in a recirculating system at three different WT (natural WT,
20 °C, and 25 °C). After 2 weeks, they were sacrificed immediately after food intake (+ 0 h), 3 h after (+ 3 h), 6 h after
(+ 6 h), and 3 h before being fed the next day (− 3 h). Fish samples were obtained for analysis of mRNA expression
levels of cholecystokinin (CCK), leptin A (LepA), leptin B (LepB), and neuropeptide Y (NPY) in the brain, liver, and
intestine. Expression of CCK and NPY mRNA was significantly higher at 25 °C compared to that at natural WT and
20 °C, but no difference was observed for leptin. This suggests that the red spotted grouper shows characteristics
typical of subtropical fish and has higher levels of feeding and digestion when reared at 25 °C water temperature
condition.
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Introduction
Various external environmental factors such as light,
water temperature (WT), and food act as major cues to
control the growth of fish and affect different physio-
logical functions such as immune response, digestion,
stress, and sexual maturity. WT has the most significant
influence on the growth and feeding of fish, and optimal
WT for fish rearing is specific for individual species
(Jobling 1983; Pepin 1991; Burel et al. 1996). The digest-
ive system breaks down food and supplies energy for
growth.
Neuropeptide Y (NPY), cholecystokinin (CCK), and

leptin are hormones produced by neuroendocrine and
digestive endocrine cells and are involved in intake regu-
lation and feeding behavior of fish. NPY is a potent
stimulant for increased appetite in mammals and is
known to be important for appetite in fish. Expression
of NPY mRNA is upregulated in the hypothalamus when

under conditions of food deprivation and is downregu-
lated by re-feeding (De Pedro and Björnsson 2001;
Volkoff et al. 2005). Cholecystokinin (CCK) acts in the
hypothalamus where it confers satiety and in the gastro-
intestinal tract where it promotes secretion of pancreas
enzymes, peristalsis, and gallbladder contraction (Volkoff
et al. 2005; Dockray 2009).
Leptin is a regulator of long-term energy balance that

is mostly secreted by white adipose tissues in mammals
and suppresses food intake to induce weight loss (Klok
et al. 2007). Additionally, leptin is known to be involved
in lipid metabolism, hematopoiesis, reproduction, and
bone formation (Copeland et al. 2011). However, as fish
do not carry adipose tissue, it is mainly secreted by the
liver. In fish, leptin is involved in appetite regulation and
energy metabolism. Deprivation of food reduces leptin
secretion in Schizothorax prenanti and striped bass
(Morone saxatilis) (Won et al. 2012; Yuan et al. 2014).
However, food deprivation increases leptin level in or-
ange spotted grouper (Epinephelus coioides) and fine
flounder (Paralichthys adspersus) (Fuentes et al. 2012;
Zhang et al. 2013) and has no effect on leptin levels in
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goldfish (Carassius auratus) (Tinoco et al. 2012). As
such, unlike mammals, leptin has species-specific roles
in regulation of appetite in fish.
The red spotted grouper (Epinephelus akaara) is a

semi-tropical fish that lives in southern China, Taiwan,
the East China Sea, Korea, and southern Japan. While
the red spotted grouper is of high commercial value in
Asia, its growth rate is relatively low compared to other
groupers. As such, it is necessary to examine the red
spotted grouper’s physiological characteristics and estab-
lish a rearing management system that enhances its
growth. Various studies have been published to address
this need (Han et al. 2014; Lee et al. 2014; Wang et al.
2016; Mun et al. 2019).
The aim of this study was to test the effect of WT on

the red spotted grouper’s digestive system and growth.
To address this aim, we investigated changes in expres-
sion of genes that regulate appetite and food intake
(NPY, CCK, LepA, and LepB) in red spotted grouper
reared at three different WT conditions.

Materials and methods
Animals
Red spotted grouper used for the experiment were ju-
venile fish (90.8 ± 5.1 g) that were reared at the Marine
Science Institute of Jeju National University. Fish were
fed twice a day with commercial pellet and were kept at
conditions with their natural photoperiod and WT until
the start of the experiment.
Fish were divided into three groups in tanks with 30

fish per group in a recirculating system that had the
thermostat set at natural WT (natural condition, NC,
15.3 ± 2.2 °C), 20 °C, and 25 °C. All fish in the experi-
ment were reared under conditions with natural photo-
period (approximately 10L:14D) for 2 weeks. Feed was
provided once daily at 11:00 AM, and food intake was
calculated daily. After 2 weeks, fish were sampled to in-
vestigate changes in gene expression under different
satiety conditions and at different WT. They were sacri-
ficed immediately after food intake (+ 0 h), 3 h after (+ 3
h), 6 h after (+ 6 h), and 3 h before being fed the next
day (− 3 h) (n = 6 per time point). The fish were anesthe-
tized using 2-phenoxyethanol (Sigma-Aldrich, St. Louis,
MO, USA), and the brain with pituitary gland, liver, and
midgut samples were collected. Tissues that had been
collected were frozen at − 80 °C until total RNA extrac-
tion for analysis.

Tissue-specific expression of appetite-related genes
To investigate tissue specific expression of genes associ-
ated with appetite regulation (NPY, CCK, LepA, and
LepB), fish were anesthetized using 2-phenoxyethanol
and were dissected for different tissues. Collected tissues
include three areas of the brain (fore, mid, and hind),

pituitary gland, eyes, kidney, liver, gonad, muscles, stom-
ach, pyloric caeca, foregut, midgut, and hindgut. All dis-
sected tissues were stored at − 80 °C until analysis. Total
RNA was isolated from each tissue sample, underwent
cDNA synthesis, and was analyzed by RT-PCR. The pri-
mer3 plus program with DNA sequences obtained from
the National Center for Biotechnology Information
(NCBI) was used to design primers that would produce
PCR products of size between 120 and 200 bp (Table 1).
Each PCR used 13 μl of 2× Premix EmeraldAmp GT

PCR Master Mix (Takara Bio, Otsu, Japan), 0.6 μl of 10
pM primers (forward and reverse), and 2 μl cDNA (50
ng/μl). The PCR thermocycler was programmed for 34
cycles of denaturation (45 s, 94 °C), annealing (45 s,
58 °C), and extension (1 min, 72 °C). PCR products were
analyzed by 2% agarose gel electrophoresis.

Total RNA extraction and cDNA synthesis
Total RNA was isolated from the brain, liver, and mid-
gut tissues dissected from each experimental group.
Each tissue sample was mixed with 600 μl RiboExTM LS
(GeneAll, Korea) and was homogenized with a
homogenizer. 0.2 μl chloroform per 1 μl RiboExTM LS
was added and the sample was incubated at room
temperature for 5 min, before being centrifuged at 12,
000×g for 15 min. The sample was then mixed with
500 μl isopropanol in a fresh tube and was incubated at
room temperature. Total precipitated RNA was pelleted
by centrifugation at 12,000×g at 4 °C for 10 min. The
supernatant was discarding, and pelleted RNA was first
washed with 75% ethanol made to concentration with
diethyl pyrocarbonate (DEPC)-treated H2O and was
washed a second time with 95% ethanol. Ethanol was
then removed and the RNA pellet was resuspended in
DEPC-treated H2O. For quantitation and qualitative ana-
lysis of total RNA, a spectrophotometer (NanoVue) was
used to measure the optical density at 260 and 280 nm.
Samples with an A260 nm/A280 nm ratio of 1.7–2.1 were
selected for further analysis.
For cDNA synthesis, total RNA from the brain, liver,

and intestine tissues first underwent DNase treatment
with a RQ1 RNase-Free DNase Kit (Promega, Madison,
WI, USA). This was followed by cDNA synthesis using a
PrimeScript™ first strand cDNA synthesis Kit (Takara
Bio). In detail, DNase-treated RNA was mixed with 8 μl
RNase-free H2O, 1 μl random hexamers, and 1 μl dNTP
mixture, following which it was incubated at 65 °C for 5
min. Next, a total of 20 μl of reaction master mix con-
taining 4 μl 5× PrimeCript Buffer, 0.5 μl RNase inhibitor,
10 μl PrimeCript RTase, and 4.5 μl RNase free dH2O was
added, and the mixture was incubated at 30 °C for 10
min, then 42 °C for 60 min, and finally at 95 °C for 5
min. Newly synthesized cDNA was diluted with RNase
free dH2O to a final volume of 50 μl.
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Real-time quantitative PCR
Expression of each gene was analyzed by quantitative
real-time PCR. An EvaGreen 2× qPCR MasterMix-Rox
Kit (Applied Biological Materials Inc., BC, Canada) and
BioRad CFX96™ Touch™ Real-Time PCR (Bio–Rad,
Hercules, CA, USA) was used. The primers used were
the same as those previously used to measure tissue
specific gene expression. A total 10 μl volume of PCR
volume composed of 2 μl cDNA (50 ng/μl), 5 μl Eva-
Green 2× qPCR MasterMix, 0.4 μl forward primer (10
pM), 0.4 μl reverse primer (10 pM), and 2.2 μl RNase
free H2O was made up. RT-PCR conditions included 40
cycles of denaturation (45 s, 94 °C ), annealing (45 s,
58 °C), and extension (1 min, 72 °C). Expression of β-
actin was used as an internal control for relative quanti-
fication with two replicates for each reaction.

Statistical analysis
All data in this study are represented as mean ± SEM.
Statistical differences between different groups were ana-
lyzed with one-way analysis of variance (ANOVA)
followed by a Duncan’s multiple range test using Statis-
tics 21.0 for Windows (SPSS Inc.) (Duncan 1955). The
level of significance was set at P < 0.05.

Results
Amount of food intake
The results revealed that the average daily food intake
was significantly higher in the group reared at 25 °C than
in the groups reared at 20 °C and NC (Fig. 1).

Tissue-specific gene expression
We investigated the expression of appetite-related genes
in various tissues of red spotted grouper using RT-PCR
(Fig. 2). NPY and CCK mRNA was expressed in all tis-
sues. mRNA expression of Leptin-a (LepA) was found in

the brain, liver, gonads, and muscle. In contrast, Leptin-
b (LepB) mRNA was expressed in the brain, eyes, liver,
muscle, pyloric caeca, and foregut.

Expression changes of appetite-related genes in the brain
We studied changes in mRNA expression of appetite-
related genes (NPY, CCK, LepA, and LepB) in the brain,
liver and intestine according to feeding regime and water
temperature conditions in red spotted grouper are col-
lectively shown in Table 2 and Figs. 3, 4 and 5.
In the results of appetite-related genes expression ac-

cording to feeding regime (Table 2), NPY mRNA was
most highly expressed in the brain at 3 h before feeding
in NC and 25 °C. And CCK mRNA expression only in-
creased after feeding in fish reared at 20 °C and 25 °C.
However, there were differences in the amount of time
taken for CCK mRNA expression to increase, with in-
creases observed 3 h after feeding for fish reared at 20 °C
and 6 h after feeding for fish reared at 25 °C. Increased
expression of LepA mRNA was only observed after

Table 1 Primer sequence for PCR

Gene Primer information

Primer 5′-3′ sequence Product size (bp) Accession number

NPY NPY F ACTCTTGGGTTCCTGCTGTG 175 LC260519

NPY R TGGACCTCTTCCCATACCTCT

CCK CCK F GACACCCACACCCTAGGAGA 186 LC260518

CCK R TCCGTTGACTCTGCTGTTTG

LepA LepA F TTGTGGTGCCACTGACTCT 224 LC260520

LepA R CCGTCAGAGACGAGATGTCA

LepB LepB F GGGTGCTCAAGTCTTCCAAC 207 LC260521

LepB R GCTCTGCAGTTCATTGTCCA

β-actin B-actin F GAGCGTGGCTACTCCTTCAC 218 HQ007251

B-actin R AGGAAGGAAGGCTGGAAGAG

NPY neuropeptide Y, CCK cholecystokinin, LepA leptin-a, LepB leptin-b

Fig. 1 The average daily feed intake of NC (natural condition), 15 °C
and 25 °C water temperature treatment group for 2 weeks.
*significance level: *P < <0.05; **P < <0.01 (ANOVA)
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feeding in fish reared at 20 °C. There was also no signifi-
cant difference in expression of LepB mRNA in fish
reared at different temperatures for all time points.
In the results of appetite-related genes expression ac-

cording to water temperature difference, NPY mRNA was
also significantly more highly expressed at 25 °C compared
to other WT for all time points (Fig. 3a–d). When levels of

expression of CCK mRNA was compared between experi-
mental groups, like NPY, expression was significantly
higher in fish reared at 25 °C for all time points (Fig. 3e–h).
Increased expression of LepA mRNA was only observed 3
h after feeding in fish reared at NC (Fig. 3j). There was no
significant difference in expression of LepB mRNA in fish
reared at different temperatures (Fig. 3m–p).

Fig. 2 Tissue distribution of red spotted groper appetite-related genes. RT-PCR analysis of NPY, CCK, LepA, and LepB in different tissues as shown
in a 2% agarose electrophoresis gel with ethidium bromide and 100 bp molecular marker. NC, negative control; FB, forebrain; MB, midbrain; HB,
hindbrain; Pt, pituitary; Re, retina; Ki, kidney; Li, liver; Go, gonad; Mu, muscle; St, stomach; Py, pyloric ceca; Fi, fore-intestine; Mi, mid-intestine;
Hi, hind-intestine

Table 2 Digestive related genes (NPY, CCK, LepA, and LepB) expression in the brain, liver, and intestine according to the feeding
regime

Tissue Gene Water
temperature

Gene expression

+ 0 h + 3 h + 6 h − 3 h

Brain NPY NC 1.8 ± 0.4 2.9 ± 0.4 1.7 ± 0.3 4.1 ± 0.3*

20 °C 3.8 ± 1.8 1.2 ± 0.2 2.0 ± 0.5 3.2 ± 1.3

25 °C 7.2 ± 1.6 13.3 ± 3.9 4.7 ± 1.1 28.6 ± 8.7*

CCK NC 0.6 ± 0.1 0.4 ± 0.0 0.4 ± 0.1 0.4 ± 0.1

20 °C 0.3 ± 0.1 0.5 ± 0.0* 0.4 ± 0.1 0.3 ± 0.0

25 °C 0.9 ± 0.2 0.7 ± 0.2 4.1 ± 0.7* 10.3 ± 1.5**

LepA NC 5.3 ± 1.6 5.8 ± 1.3 2.4 ± 0.5 3.4 ± 0.5

20 °C 1.5 ± 0.9 2.3 ± 0.6* 1.6 ± 0.4 1.9 ± 0.6

25 °C 0.8 ± 0.1 3.3 ± 0.9 2.0 ± 1.0 5.7 ± 2.1

LepB NC 2.0 ± 0.7 1.5 ± 0.3 0.8 ± 0.1 0.8 ± 0.3

20 °C 1.6 ± 0.4 1.3 ± 0.3 0.8 ± 0.2 0.9 ± 0.3

25 °C 1.5 ± 0.5 1.4 ± 0.1 1.0 ± 0.2 1.3 ± 0.3

Liver LepA NC 0.9 ± 0.3 0.5 ± 0.1 0.5 ± 0.1 1.0 ± 0.3

20 °C 0.3 ± 0.1 0.3 ± 0.1 0.8 ± 0.2* 0.3 ± 0.0

25 °C 0.3 ± 0.1 0.4 ± 0.1 0.3 ± 0.0 0.8 ± 0.4

LepB NC 0.6 ± 0.2 1.9 ± 0.5 0.6 ± 0.2 0.4 ± 0.1*

20 °C 0.8 ± 0.2* 0.3 ± 0.1 0.2 ± 0.0 0.3 ± 0.1

25 °C 0.6 ± 0.1 1.5 ± 0.5 1.4 ± 0.5 2.4 ± 0.4

Intestine CCK NC 6.2 ± 1.3 4.0 ± 1.8 3.5 ± 1.4 3.0 ± 1.2

20 °C 0.9 ± 0.2 1.1 ± 0.4 2.2 ± 0.9 1.1 ± 0.4

25 °C 46.7 ± 15.3 39.7 ± 11.1 42.2 ± 9.5 39.5 ± 13.5

NPY neuropeptide Y, CCK cholecystokinin, LepA leptin-a, LepB leptin-b, NC natural condition, +0 h immediate time point after food intake, +3 h 3 hours after
feeding, +6 h 6 hours after feeding, − 3 h 3 hours before feeding. All values represent the mean ± SEM: *P < 0.05; **P < 0.01
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Expression changes of LepA and LepB mRNA in the liver
In the results of appetite-related genes expression ac-
cording to feeding regime (Table 2), a significant in-
crease in mRNA expression of LepA in the liver was
only observed 6 h after feeding in fish reared at 20 °C.

However, no significant difference in expression of LepB
mRNA reared at different temperatures for all time
points.
In the results of appetite-related genes expression ac-

cording to water temperature difference, a significant

Fig. 3 Expression changes of NPY (a–d), CCK (e–h), LepA (i–l), and LepB (m–p) mRNA according to the water temperature in the brain. NC,
natural condition; + 0, immediate time point after food intake; + 3, 3 hours after feeding; + 6, 6 hours after feeding; − 3, 3 hours before feeding. All
values represent the mean ± S.E.M. (n = 6). *significance level: *P < 0.05; **P < 0.01

Fig. 4 Expression changes of LepA (a–d) and LepB (e–h) mRNA according to the water temperature in the liver. NC, natural condition; + 0,
immediate time point after food intake; + 3, 3 hours after feeding; + 6, 6 hours after feeding; − 3, 3 hours before feeding. All values represent the
mean ± S.E.M. (n = 6). *significance level: *P < 0.05; **P < 0.01
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expression in mRNA expression of LepA was observed
at immediate time after food intake in reared at N.C and
6 h after feeding for fish reared at 20 °C (Fig. 4a, c).
However, only significant difference of LepB mRNA ex-
pression was observed at the − 3 h time point for fish
reared at 25 °C compared to fish reared at 20 °C and NC
(Fig. 4e–h).

Expression changes of CCK mRNA in the intestine
When expression of CCK mRNA in the midgut was ex-
amined, we found that there were no significant differ-
ences in expression over time in fish reared at all three
temperatures (Table 2). However, while there was no
significant difference in expression over time in fish
reared at 25 °C, this group had significantly higher ex-
pression of CCK mRNA at all time points relative to fish
reared at 20 °C and NC (Fig. 5).

Discussion
As fish are poikilothermic animals, their rate of metabol-
ism is influenced by ambient WT. WT is also a major
environmental factor that regulates food intake and di-
gestion (Cyrino et al. 2008). As such, many fish have a
specific range of WT that is optimal for their survival.
Studies on the effect of WT on feeding activity have
been conducted for some other species of fish. Rainbow
trout (Oncorhynchus mykiss) had a higher intake of food
when WT was increased between the range of 6–15 °C
(Azevedo et al. 1998), and when reared between a range

of 6–18 °C, Atlantic salmon (Salmo salar) had the high-
est intake of food at 14 °C, with a decrease in intake ob-
served at 18 °C (Handeland et al. 2008). Additionally,
grass carp (Ctenopharyngodon idellus) had a higher food
intake amount as WT was increased within the range of
12.8–29.4 °C (Kilambi and Robison 1979). As such, we
sought to investigate the effects of WT on food intake in
red spotted grouper.
Expression of appetite-related genes in different tissues

was studied using RT-PCR. Expression of NPY, CCK,
LepA, and LepB mRNA was measured in different tis-
sues. All four genes showed different expression pat-
terns. We found that NPY mRNA is highly expressed in
all tissues and that this expression pattern is similar to
that of Brazilian flounders (Paralichthys brasiliensis)
(Campos et al. 2010). Blunt snout bream (Megalobrama
amblycephala) only highly expresses NPY in the brain
and the pituitary gland, with either no or low expression
observed in other tissues (Ji et al. 2015). Winter skate
expresses NPY in all tissues, with a relatively high level
of expression in the brain (MacDonald and Volkoff
2009). Atlantic cod expresses NPY at higher levels in the
endbrain and the kidney (Kehoe and Volkoff 2007). This
indicates that expression patterns of NPY mRNA in dif-
ferent tissues are species-specific.
In the red spotted grouper, we observed expression of

CCK mRNA in most tissues. Another group also re-
ported that CCK mRNA is expressed in most of tissues,
including the brain of dourado (Salminus brasiliensis)

Fig. 5 Expression changes of CCK mRNA according to the water temperature in intestine. NC, natural condition; + 0, immediate time point after
food intake (a); + 3, 3 hours after feeding (b); + 6, 6 hours after feeding (c); − 3, 3 hours before feeding (d). All values represent the mean ± SEM.
(n = 6). *significance level: **P < 0.01
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(Volkoff et al. 2016). A particularly high level of expres-
sion of CCK mRNA was also detected in the brain and
intestine of Schizothorax prenanti (Yuan et al. 2014).
Expression of LepA mRNA was found to be higher in

the brain, the pituitary gland, the liver, and the gonads.
However, expression of LepB mRNA was only observed
to be higher in the brain and the liver. Leptin is also spe-
cifically highly expressed in the liver of Schizothorax pre-
nanti (Yuan et al. 2014). For the orange spotted grouper,
LepA mRNA was highly expressed in the cerebellum
and liver, and LepB mRNA was highly expressed in the
brain and ovary (Zhang et al. 2013).
The aim of this study was to investigate the effect of

WT on expression of appetite-regulating factors in red
spotted grouper. NPY is known to be an appetite-
inducing factor and plays a role in stimulating eating be-
havior in fish (Volkoff 2006). In this study, we found that
all experimental groups showed higher expression of
NPY mRNA at 3 h before daily feeding time. Similar pat-
terns have been described in the other fish, with in-
creased NPY mRNA expression prior to feeding and
decreased expression after feeding (Vera et al. 2007; Ji
et al. 2015). However, we also found that fish reared at
an ambient WT of 25 °C had significantly higher expres-
sion of NPY mRNA at all time points compared to fish
reared at 20 °C or NC. This suggested that a higher WT
may stimulate increased appetite in the red spotted
grouper by increasing NPY mRNA expression.
It is known that expression of CCK in the brain sup-

presses appetite and that expression of CCK increases
after feeding. Increased levels of CCK mRNA have also
been reported in other fish after feeding (Volkoff 2006).
However, some species, including cavefish, showed no
changes in CCK expression before and after feeding
(Wall and Volkoff 2013). In our study, after feeding,
there was increased expression of CCK mRNA in the
brain for fish reared at a WT of 20 °C and 25 °C. For fish
reared at 20 °C, levels of CCK mRNA expression peaked
at + 3 h post-feeding. Levels of CCK mRNA expression
started to increase from + 3 h in fish reared at 25 °C and
continued to increase until the 3 h prior to feeding on
the next day. This suggests that increased food intake in
fish reared at 25 °C WT may have increased the amount
of time required for digestion, and thus expression of
CCK mRNA continued to increase into the next day.
However, further study is necessary to determine the
reason why expression of CCK continued to increase.
When expression of CCK mRNA in the brain was com-
pared between fish reared at different WT, the group
reared at 25 °C had significantly higher levels of expres-
sion at all time points. However, as expression levels of
CCK mRNA were markedly lower than that of NPY, we
were unable to conclude that there was an effect of ap-
petite suppression at 25 °C. We also observed similar

expression patterns for CCK mRNA in the midgut. The
midgut of fish reared at 25 °C expressed significantly
higher levels of CCK mRNA at all time points compared
to the midgut of fish reared at 20 °C and NC. However,
no significant differences were observed in midgut
expression of CCK within each WT group between
different time points. As such, we concluded that high
expression of CCK mRNA at 25 °C could be attributed
to increased digestive processes (such as gastric empty-
ing, promoting secretion of digestive enzymes, and
gallbladder contraction), rather than suppression of
appetite (Hidalgo et al. 2002; Murashita et al. 2008;
Furutani et al. 2013).
While leptin plays an important role in appetite sup-

pression in mammals (Ahima and Flier 2000), it is
known to play different, species-specific roles in fish. In
general, fish express two paralogous genes for leptin,
LepA and LepB (Jaillon et al. 2004; Volff 2005). Red
spotted grouper expresses LepA and LepB, and while or-
ange spotted grouper also carries the same genes, it is
mainly LepA that is functional in this species (Zhang
et al. 2013). In the brain, expression of LepA mRNA
only increased after feeding in fish reared at 25 °C, and
there were no significant differences observed in fish
reared at different WT over time. Expression of LepA
mRNA also increased in the liver after feeding in fish
reared at 20 °C and 25 °C. This suggested that the ex-
pression of LepA in red spotted grouper is functionally
related to appetite suppression. The orange spotted
grouper also showed a similar increase in expression of
LepA at 9 h after feeding (Zhang et al. 2013). However,
there was no difference observed either over time or be-
tween fish reared at different WT for expression of LepB
mRNA in the brain. In contrast, there were different ex-
pression patterns over time observed in the liver regard-
less of WT, but no significant difference observed at
single time points between fish reared at different WT.
As such, we concluded that in the red spotted grouper,
expression of LepA, rather than LepB, is the main regu-
lator of appetite.
Rearing red spotted grouper at a WT of 25 °C in-

creased food intake, and this is in part mediated by in-
creased expression of NPY mRNA and a subsequent
increase in expression of CCK mRNA, a protein that has
roles in digestion. This study suggests that rearing red
spotted grouper at 25 °C may induce increased expres-
sion of appetite stimulation factors. We also believe that
more detailed study is required to elucidate the mecha-
nisms through which WT act to influence appetite.

Conclusions
We investigated the variations of NPY, CCK, and LepA
and LepB mRNA expression according to the water
temperature conditions in red spotted grouper to
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explore the effect of water temperature on the expres-
sion of appetite-related factors. Our experiment showed
that CCK and NPY mRNA expression increased in 25 °C
group, but no difference was found in Lep mRNA ex-
pression. Our findings are thought to be that in red
spotted grouper, the water temperature of 25 °C is an
environmental condition that can promote feeding and
digestion of fish.
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