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Abstract
Nucleobindin-2 (NUCB2) is a 396-amino-acid peptide related to food intake and body weight.It suppresses appetite by
acting on the hypothalamus, andits derived peptide, nesfatin-1, was shown to reduce food intake and body weight in
rodents.In this study, we examined NUCB2 peptide levels in correlation with body weight, length and gender in adult
Alburnus tarichi fish. Serum NUCB2 levels were measured with ELISA, andwere observed to significantly vary dependingon
gender:0.43±0.17 ng/mlin the males (n=6) and 0.28±0.11 ng/ml in the females (n=6) (p<0.05).However,NUCB2 levels were
not significantly correlatedto body weight (r=−0.08, p=0.7) or length (r=−0.16, p=0.6).NUCB2/nesfatin, an appetiteregulation hormone,was therefore shown to be impacted by gender but not by body weight or length in A. tarichi.
Keywords: NUCB2/nesfatin, Alburnus tarichi, body weight and length, gender, ELISA.

Introduction
Various stimulants released from peripheral
tissues such as the brain, gastric fat, pancreas, and
gastrointestinal tract have been discovered in recent
years, and canaffect various regions of the
hypothalamusas well as the blood serum(Köprücü &
Algül, 2015; Unniappan &Peter, 2005; Volkoff,
2005). One of these new stimulants is the hormone
NUCB2/nesfatin, which is released by the
hypothalamus. The NUCB2/nesfatin protein contains
396 amino acids and carries a 24-amino acid
precursor signal. NUCB2 encodes three types of
nesfatin proteins: nesfatin-1(1–82), nesfatin-2(85–
163) and nesfatin-3(166–396). Nesfatin-1 is an
anorexigenic hormone thatinhibits food intake and
body weight in mammals;central injectionsof this
hormone caused reduced food intake and body weight
in rats(Maejima et al., 2009; ; Oh-I et al., 2006;
Shimizu et al., 2009; Stengel et al., 2009).Functional
analysis of the nesfatin-1 protein, which has been
shown to have three functional regions, revealed the
anorexia-causing region to be in the middle (Shimizu
et al., 2009).Recently, several researchers reported
similar findings in fish(Gonzalez, Kerbel, Chun, &
Unniappan, 2010; Hatef, Shajan, & Unniappan, 2015;
Lin et al., 2014). However, nesfatin-2 and nesfatin-3
had no anorexic effects (Garcia-Galiano, Navarro,

Gaytan, & Tena-Sempere 2010).
NUCB2 mRNA expressionhas been determined
in Carassius auratus (Gonzalez, Kerbel, Chun, &
Unniappan, 2010;Gonzalez et al.,2012; Kerbel &
Unniappan, 2012),Oncorhynchus mykiss (Caldwell,
Pierce, Riley, Duncan, & Nagler, 2014),Schizothorax
prenanti (Lin et al., 2014) and Danino rerio
(Gonzales et al., 2012; Hatef, Shajan, & Unniappan,
2015).
Alburnus tarichi, a member of the Cyprinidae
family, lives only in the Lake Van Basin in Turkey.
Lake Van is an interesting ecosystem that is highly
alkaline (pH 9.8) and known as the largest soda lake
in the world(Sarı, 2008). Its saline and alkaline waters
do not support animal life except for the A. tarichifish
(Arabaci & Sari, 2004; Kempe et al., 1991). A.
tarichiis an important species, with an average annual
inland fish production of 10,000 tons, a significant
proportion of the totalof 40–45 thousand tons in
Turkey (Elp, Şen, & Atıcı, 2014).Determining the
basal values of the NUCB2/nesfatin peptide, which
affects nutrition, in theA. tarichifish living in this
ecosystem will provide important comparison data in
studies of fish species in different ecosystems. In this
study,
we
aimed
to
determine
whether
NUCB2/nesfatin concentrationsin the serum of
A.tarichiwere correlated withdifferences in body
weight, length and gender. This study provides more
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information about the influence of NUCB2 on food
intake in fish, which will be useful in the future
biotechnology purposes for improvement of the
aquaculture production.

Materials and Methods
Twelve adult A. tarichi (6 females and 6 males)
were obtained from Van Lake (Karasu River, Van,
Turkey). The Karasu is one of the sites ofA. tarichi’s
intensive reproductive migration.According to the
procedures approved by the Animal Ethics Committee
VanUniversity, thefish were anaesthetized with100
ppmtricainemethane-sulfonate,thengender
discrimination was performed. The length (cm) and
weight (g) of each A. tarichiwere measured, and
blood samples were taken from caudal veins. The
samples were collected in tubescontaining aprotinin to
prevent desaturation of the proteins, then centrifuged
after the completion of clot formation and stored at
−80°C until the day of the hormone measurements
(Hettich, Zentrifugen Universal 32 R, Germany).
NUCB2/nesfatin was determined with ELISA kits to
have a sensitivity of 0.1 ng/mL (Fish nesfatin(NES)
ELISA Kit, Cat. No: MBS013992). The plates were
then read at 450 nm with a SpectraMax Plus384 plate
reader (Molecular Devices LLC, Sunnyvale, CA,

USA).
Values are expressed as mean±SD. The
Kolmogorov-Smirnov Z test showed that the data
were not normally distributed. The Mann-Whitney U
test, which is a non-parametric comparison, was used
to analyse the significance of differences between the
sexes of each species. A p-value of <0.05 was
accepted as statistically significant, and p<0.0001 was
accepted as highly statistically significant.

Results
Individual NUCB2/nesfatin values for each fish
are shown in Figure 1.and Fig. 2. The mean length
and weight values for theA. tarichi were 22.12±1.4
cm and 88.63±14.3 g, respectively(Fig.31).
Figure 1. Individual NUCB2/nesfatin variations
in male A. tarichi.
Figure 2. Individual NUCB2/nesfatin variations
in female A. tarichi
Figure 3.Weight and length variations in adult
male and female A. tarichi.
The NUCB2/nesfatin levels in the 6 males and 6
femaleswere statistically significantly different
(0.43±0.17 ng/ml versus 0.28±0.11 ng/ml,
respectively; p<0.05) (Figure 32). There was no
significant correlation between NUCB2/nesfatin

Figure 1. Individual NUCB2/nesfatin variation values and individual weight, length variation values of A. tarichi (N:
Nesfatin, W: weight, L: lenght

Figure 24. Serum NUCB2/nesfatin levels of 6 male and 6 female A. tarichi (mean±SD, P<0.05).
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levelsand body weight (r=−0.08, p=0.7) or length
(r=−0.16, p=0.6).
The temperature, salinity, pH and dissolved
oxygen concentration of the lake water are shown in
Table 1.
The physical properties of the water were
measured
using
a
multi-parameter
probe
(Temperature 22.2 °C, salinity 0.29 %, pH 8.75,
dissolved oxygen 7.99).

Discussion
Nucleobindins are important regulators of
various cellular functions. The discovery of
NUCB2/nesfatin-1 led to the identification of a
prominent new role for nucleobindins, which are
precursors of endocrine factors. The biological roles
of NUCB2/nesfatin-2 and NUCB2/nesfatin-3 are still
unknown (Gonzalez et al., 2012).
To date, limited studies have focused on
NUCB2/nesfatin in fish(Blanco, Bertucci, Delgado,
Valenciano, & Unniappan,2016; Gonzalez, Kerbel,
Chun, & Unniappan, 2010; Hatef, Shajan,
&
Unniappan, 2015;Kerbel &Unniappan, 2012).Studies
have shown that the NUCB2/nesfatin peptide and
itsproduct,
nesfatin-1,are
expressed
in
the
hypothalamus, peripheral tissues(including adipose
tissue), brain, stomach, kidney, nucleus lateralis
tuberis, anterior pituitary, gonads, gastrointestinal
tract and follicular cells in fish (Gonzalez, Kerbel,
Chun, & Unniappan, 2010; Gonzalez et al., 2012;
Hatef, Shajan,
& Unniappan, 2015; Kerbel
&Unniappan, 2011; Lin et al., 2014). In the present
study, NUCB-2/nesfatin wasidentified in the blood
serum of A. tarichi.
There are two isoforms of NUCB2: NUCB2A
and NUCB2B.In zebra fish, NUCB2A and NUCB2
mRNA is expressed mostly in the liver and lessin
other tissues, including the brain and intestine (Hatef,
Shajan, & Unniappan, 2015). The presence of
NUCB2 in tissues at different ratios can be attributed
to its potential metabolic roles.NUCB2 mRNA
expression has also been detected in the brain,
hepatopancreas, adipose tissue, intestine, ovary and
liver of Carassius auratusfish (Gonzalez, Kerbel,
Chun, & Unniappan, 2010) and Schizothorax prenanti
(Lin et al.,2014).The study by Gonzalez, Kerbel,
Chun, and Unniappan (2010) was done to determine
the effect of feeding on nesfatin-1 levels in C. auratus
and found thatthe fish deprived of food had lower
serum nesfatin-1 levels compared toregular-diet
controls. Nesfatin-1 also remained significantly
increased in the circulation (5.97±2.19 ng/ml) until 1
hour after feeding.
In this study, NUCB2/nesfatin was determined
with ELISA,a quantitative analytical method that
demonstrates antigen-antibody reactions via colour
changesbased on an enzyme-linked conjugate and
enzyme substrate, and determines the presence and
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concentration of molecules in biological fluids
(Aydın, 2015).In many studies on fish, PCR was used
to measure NUCB2. (Gonzalez, Kerbel, Chun, &
Unniappan, 2010; Gonzalez et al., 2012; Lin et
al.,2014;Hatef, Shajan, & Unniappan, 2015. NUCB2
mRNA expression has been determined in Carassius
auratus (Gonzalez, Kerbel, Chun, & Unniappan,
2010; Gonzalez et al.,2012; Kerbel & Unniappan,
2012), Oncorhynchus mykiss (Caldwell, Pierce, Riley,
Duncan, & Nagler, 2014), Schizothorax prenanti (Lin
et al., 2014) and Danio rerio (Gonzales et al., 2012;
Hatef, Shajan, & Unniappan, 2015).
However, protein expression does not reflect the
exact circulating levels of NUCB2/nesfatin.
Identification ofpeptide/protein levels in circulation is
performed with the ELISA method because it is
economical, can be usedfor measurements even at low
concentrations, and provides quickresults (İnci &
Ünübol Aypak, 2016).
The 2006 finding that levels of nucleobindin-2
and its product, nesfatin-1, varied in rats according to
body weight was of great interest (Oh-I et al.,
2006).However, the relationship of NUCB2/nesfatin
to body weight, length and gender had not previously
been investigated in fish. The present study examined
differences in NUCB2 peptide levels with regard to
weight, length and gender in the fish species A.
tarichi, and found no significant correlations between
serum NUCB2/nesfatin and body weight (r=−0.08,
p=0.7) orlength (r=−0.16, p=0.6). However,
NUCB2/nesfatin levels were significantly different
betweenthe genders in A. tarichi.
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