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Background. Tench, Tinca tinca (Linnaeus, 1758), has been cultivated in Polish fish farms since centuries, due to its
good quality meat. However, the most critical problem in tench culture is the slow growth, which makes farming of
this species unprofitable. Growth rates of fish are influenced by numerous internal and external factors such as water
temperature, food availability and quality, as well as photoperiod. In order to analyse and improve tench growth rate,
the most important factors (GH, IGF-I) of the somatotropic axis should be analysed against selected culture factors.
Key elements of the axis play a pivotal role in the coordination of protein and energy metabolism during postnatal
growth. Therefore, the aim of this study was to assess effect of water temperature on the activity of somatotropic axis
of tench. Obtained results can be useful in tench farming in order to deal with mass gain.

Material and methods. Forty tench, approximately 3+ years of age, were placed in eight 240 L tanks, five fish in
each tank. There were four temperature regimes (10°C, 15°C, 20°C, and 25°C) studied separately for males and
females during a period of one week. At the end of the experiment, 2 mL of blood, the whole pituitary gland, 2
liver samples, and one muscle sample were collected from selected fish specimens. Real-time PCR was used to
assess the effect of water temperatures on the level of tench mRNA gh transcripts in pituitary-, liver-, and muscle
samples. Also, the concentration of growth hormone (GH) protein was measured in relation to individual tempe-
rature treatments in blood plasma and liver samples using ELISA assay.

Results. The highest cycle threshold (Ct) values of mRNA gh were detected in the pituitary samples. ELISA as-
says confirmed that water temperature affected GH and IGF-I concentrations in the blood and the liver samples.
Additionally, results from ELISA assays confirmed sex size dimorphism (SSD) phenomenon in tench.
Conclusion. Presented results shed new light on mechanisms of functioning of tench somatotropic axis and con-
stitute benchmark information for future experiments on nutritional factors.

Keywords: sexual size dimorphism, real-time PCR, fish growth, ELISA, IGF-I, temperature effect

INTRODUCTION and Cameron 2004, Kullgren et al. 2013). The main role

Fish grow constantly during their morphogenesis and
this unique feature has not been observed in the life cycle
of avian and mammalian species (Sumpter 1992). Growth
is regulated by many known and unknown factors that
may act in different pathways and occur at different life
stages (Viadero 2005, Handeland et al. 2008, Chang and
Wong 2009). Moreover, a complex network of interac-
tions is under strong influence of various external factors,
such as water temperature, food availability and quality,
photoperiod, to name just a few (Jobling 2002, Mustapha
et al. 2012). Receptors (photo, thermal, pressure, or oth-
ers) transfer environmental signals through specific path-
ways and influence growth performance of fish (Mader

in fish growth is played by the somatotropic axis that con-
sists mainly of a growth hormone (GH), and IGF (insu-
lin-like growth factor) system comprising IGF I-III, the
corresponding receptors, and the binding proteins (Bolliet
et al. 2001, Pierce et al. 2001, Wang et al. 2008, Berishvili
et al. 2010). The structure and functions of the somato-
tropic axis in fish resemble those described in detail for
mammalian species (Duan 1998). Therefore administra-
tion of human GH to Prussian carp, Carassius gibelio
(Bloch, 1782), accelerated the somatic growth (Cui and
Zhu 1993).

Fish GH is a crucial factor which, except for promoting
somatic growth, also modifies maturation, water adapta-
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tion, and immunity (Yada et al. 1992, 2001, De-Santis and
Jerry 2007, Wuertz et al. 2007, Benedet et al. 2010). Secre-
tion of GH is under control of the growth hormone releasing
hormone (GHRH) and its antagonist somatostatin (Canosa
et al. 2007, Lakeh et al. 2011). Analyses have shown that
in fish, secretion of growth hormone occurs in a pulsatile
manner from somatotropic cells and may depend on water
temperature, light intensity, reproduction stage, availability
and quality of food, or animal health condition (Marchant
and Peter 1986, Reddy and Leatherland 1994, Bjornsson et
al. 2002). In several fish species higher GH concentrations
in blood were reported during night and what might have
been correlated with higher melatonin levels (Falcon et al.
2003). Kausel et al. (1999) presented that water temperature
had a great impact on GH levels in samples of common
carp, Cyprinus carpio Linnaeus, 1758.

Tench, Tinca tinca (Linnaeus, 1758), for centuries has
been cultivated in Polish fish farms in polycultures with
common carp. This way of farming has been applied to in-
crease fairly low growth rate of tench and efficiently uti-
lize pond resources (tench stirs up the mud to find food).
(Skrzypczak and Mamcarz 2006). In East Germany in the
20th century a fast growing Quolsdorf tench strain was de-
veloped in the course of a long-term selection programme.
However, after several years of intensive tench farming,
carried out to meet the rising demand for its tasty and
delicate meat, the strain disappeared and has never been
re-established (Milkau 1921 cited after Panicz et al. 2012,
Sestakova et al. 1989, Bilard and Flajshans 1995). Since
that time many researchers tried to increase the growth rate
of tench. Some of the ways to achieve a higher growth rate
included feeding trials in juvenile stages or research on the
compensatory growth phenomenon. However, even though
at the beginning researchers obtained promising results, it
was later discovered that such ideas were generally insuffi-
cient to solve that complex problem (Quirds and Alvarifio
2000, Wolnicki et al. 2003, 2006, Celada et al. 2008).

The aim of this work was to assess the influence of wa-
ter temperature on mRNA g/ level in pituitary-, liver-, and
muscle samples as well as the level of the GH protein in
blood and liver samples. An additional aim was to measure
IGF-I protein concentration in liver samples. The results
have contributed to an enrichment of the current state of
knowledge about the functioning of the somatotropic axis in
tench and the SSD (Sexual Size Dimorphism) phenomenon.

MATERIALS AND METHODS

Aquarium trial and sample handling. Forty tench, ap-
proximately 3+ years of age were obtained from the Fish-
eries Research Station of the West Pomeranian University
of Technology (ZUT), Szczecin and transported to the ex-
perimental facility of the Division of Aquaculture of the
ZUT. There were no statistical differences between groups
in their length and weight and the mean weight of individ-
uals at the beginning of the trial was 220 g (£10 g). The
aquarium trial lasted one week. There were eight 240 L
tanks filled with dechlorinated tap water and representing
four temperature regimes (10°C, 15°C, 20°C, and 25°C).
They were stocked with five fish each. Each temperature

regimes was studied separately for each sex. Water in the
experimental tanks was prepared two weeks earlier with
sufficient oxygen content and appropriate temperature.
Fish were not fed during this period of time, were not
disturbed, and were protected from any source of light.
After this, the fish were anesthetized using Propiscin
(etomidate-based product, manufactured by the IRS,
Zabieniec, Poland) and 3 males and 3 females were ran-
domly selected from each tank. From each fish specimen
2 mL of blood, the whole pituitary gland, 2 liver samples
and one muscle sample were collected. Total RNA from
the pituitary-, liver-, and dorsal muscle samples of each
the fish was extracted with TRIzol reagent (Invitrogen)
following the manufacturer’s protocol. RNA integrity was
assessed through separation in a 1.5% agarose gel and
spectrophotometric measurements in a NanoDrop device.
Blood samples were stored overnight in 4°C, centrifuged
(4000 rpm for 10 min), and the plasma was transferred to
new tubes. Additional liver samples, 0.1 g each, were ho-
mogenized in 200 pL of phosphate buffered saline (PBS)
without Ca** and Mg** (Dulbecco) with a TissueLyser 11
(Qiagen), spun down and the liquid phase was transferred
to new tubes. The use and handling of animals for this
experiment was approved by the Local Ethical Committee
for Experiments on Animal (Resolution No. 2/1/2008).

Standard curve and quantification of mRNA gh. Stand-
ard curves were developed using tmRNA gk transcripts
prepared by in vitro transcription based on the sequence
for tench growth hormone available at the NCBI database
(NCBI Acc. No. HM114351.1). Briefly, total RNA of tench
undergone one-step reverse transcription and cDNA tran-
scription was subsequently introduced into the pGEM-T
EASY vector (Promega). After multiplication, the insert
was sequenced, excised, undergone in vitro transcription
with T7 specific primers, purified, and the final concen-
tration of tmRNA gh was determined. In order to develop
standard curves, a tmRNA g/ stock was decimally diluted
five times (tmRNA gh — 21.4, 2.14, 214, 21.4, and 2.14
pg - uLD. The number of mRNA gh transcripts in total
RNA samples extracted from pituitary-, liver-, and muscle
samples was scored by quantitative real-time RT-PCR ac-
cording to the tmRNA g standard curve. The sequence of
primers and TagMan® probe for the qPCR were designed
using Primer 3 software, according to instructions found in
the papers published by Marino et al. (2003) and Li et al.
(2008). The forward primer Tt3iF and the TagMan probe
hybridised within the third exon of mRNA gh, whereas
the reverse primer Tt3iR hybridised in the region of the
junction between the third and the fourth exon. Primer and
probe sequences used in this study are listed in Table 1.
The amount of mRNA g/ of 72 tench samples (3 tissues
x 6 fish x 4 temperature regimes) was determined on an
Mx3005P™ (Stratagene) thermal cycler. All reactions
were performed using the following qRT-PCR conditions:
50°C for 30 min (reverse transcription), 95°C for 15 min
(polymerase activation), followed by 40 cycles at 95°C
for 15 s, 55°C for 30 s and 76°C for 30 s. On the basis of
initial transcript concentrations and obtained cycle thresh-
old (Ct) values from the standard curves, the software of
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the Mx3005P™ thermal cycler automatically calculated
the amount of mRNA g/ using Ct values measured for the
tested samples. Reaction mixtures for standard curves and
tench samples were prepared using the QuantiTect Probe
RT-PCR Kit (QIAGEN) according to the manufacturer’s
recommendations.

Measurement of GH and IGF-I levels. GH and IGF-I
concentrations in blood and liver samples were measured
using competitive ELISA tests, the Fish Growth Hormone
(GH), ELISA kit and, in the case of liver samples, the Fish
Insulin-Like Growth Factor 1 (IGF-1) ELISA kit (CUSA-
BIO, China). Measurements were performed on an iMark
Microplate Absorbance Reader (BioRad), filter 450 nm.
Calculations were automatically performed according to a
standard curve of known concentrations by the software of
the device. The comparison of the mean levels of Ct values
between the sexes and water temperature treatments was
performed using the Mann—Whitney U test. Obtained re-
sults for ELISA study undergone statistical analysis, LSD
(Least Significant Difference), and Levene tests, to assess
effect of water temperature on tench GH and IGF-I levels.

RESULTS

Absolute quantification of mRNA gh. RNA extracted
from pituitary-, liver-, and muscle samples had a high
quality (lack of degradation of major ribosomal RNA
bands) and sufficient quantity (500 ng - pL"). The dilution
series of tmRNA gh was quantified separately and togeth-
er with experimental samples by qPCR and showed an ac-
ceptable level: R* = 0.990, efficiency = 99%, y = —3.346 -
Log(x) + 37.66. Running tench samples with standard di-
lutions revealed that complete results for pituitary-, liver-,
and muscle samples were achieved only for 3 fish (Table
2). Precisely, data were obtained for 2 males from the tank
with 10°C water temperature (3310°C and 14'10°C) and
one female from the tank with 15°C water temperature
(1215°C). The majority of the Ct values were obtained
for pituitary samples, i.e., 23 out of 24 analysed. Only one
amplification curve (a sample from the third male incu-
bated at 20°C) did not cross the threshold (lack of Ct val-
ue). According to the obtained results, the sample 3925°C
had the lowest amount of gh encoding mRNA whereas the
sample 1310°C the highest. When we arrange the Ct val-
ues from the lowest to the highest, in the first 10 results
50% belonged to fish samples obtained from the water at
15°C. Additionally, in all temperature treatments mean
Ct values estimated for males and females were at com-

parable level and no differences were observed between
temperature treatments. Results obtained for muscle tissue
samples comprised of 10 Ct values, from which 7 originat-
ed from females. The highest concentration of mRNA gh
in muscle tissue (102.41 pg - uL") was significantly lower
in relation to the maximum concentrations in the pituitary
gland samples (37311 pg - uL"). Among the positive re-
sults, 70% belonged to fish from tanks at 10°C (4 fish) and
at 15°C (3 fish), whereas the remaining 30% belonged to
fish kept at 20°C (one fish) and 25°C (two fish). Only 3 Ct
values were obtained for analysed liver samples that were
excised form fish kept in water of 10°C (two fish) and
15°C (one fish). Ct values for liver and muscle samples
were higher than for pituitary samples, which unambig-
uously showed that mRNA gk transcript concentrations
were much lower there (Table 2).

GH and IGF-I levels. Based on the standard curves pro-
duced for GH and IGF-I, absorbance values measured in
the unknown samples were used to calculate protein con-
centrations. Graphs of GH concentrations in plasma and
liver samples had a similar shape for both sexes. The high-
est GH concentrations were observed in tench samples
obtained from water at 20°C (Figs. 1 and 2). Moreover,
GH concentrations measured for fish kept at a water tem-
perature of 20°C was over 8 times higher in blood plasma
in comparison to liver samples. The graph for IGF-I con-
centrations in liver samples displayed interesting results.
While water temperature was rising, the concentration of
IGF-I in liver was increasing, especially in samples col-
lected from females (Fig. 3).

DISCUSSION

Effect of water temperature on mRNA gh expression.
The sample analysis revealed that the expression of mRNA
gh mainly occurred in the pituitary gland of tench (Table
2), which coincides with results described by Reinecke et
al. (2005). Further analysis did not confirmed that water
temperature had a direct effect on the level of mRNA gh
expression in tench, probably due to small sample size.
However, scientific literature provide examples when so-
matotropes induce mRNA gk transcription, independently
of photoperiod, but depending on temperature. Breton et
al. (1980a, 1980b) and Horoszewicz et al. (1981) reported
cases related to the water temperature 10°C, where gonad-
otropic cells produced gonadotropins which subsequently
stimulated growth hormone synthesis and secretion. As
water temperature reached 20°C, the amount of gonadotro-

Table 1

Oligonucleotides and probes used in real-time PCR reactions

Oligo/probe designation

Nucleotide sequence 5'—3’

Reference

EGFP-1-F GACCACTACCAGCAGAACAC Hoffmann et al. 2006
EGFP-2-R GAACTCCAGCAGGACCATG

Probe HEX-AGCACCCAGTCCGCCCTGAGCA-Q

Tt3iF GGAACGCAGACAGCTGAGTA Presently reported study
Tt3iA GGAGCTTCAACATTGAGCTCTTC

Probe FAM-ACTCTGACTCCATTGAGGCGCCCA-Q
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Table 2
Concentration of the growth hormone mRNA in selected tissues of tench, Tinca tinca
Concentration of GH mRNA [pg - uL™]
Sample Pituitary Muscle Liver
n Sex T Value CT Value CT Value CT
1 4 10°C 37311 16.78 10241 2535 117 31.85
2 Q 15°C 32290 16.99 4.89 29.77
2 Q 20°C 26086 17.30
1 Q 25°C 22732 17.50
1 I3 15°C 15676 18.04
2 38 20°C 14836 18.12
1 2 15°C 12664 18.35 2.92 30.52 6.53 29.35
3 I 15°C 11422 18.50 12.47 28.41
1 ) 25°C 10810 18.58
2 ) 15°C 7302 19.15
1 ? 10°C 4865 19.74
2 I3 10°C 4669 19.80
2 Q 25°C 4637 19.81 2.14 30.97
3 ) 25°C 3089 20.40
1 3 20°C 2462 20.73
3 Q 20°C 2428 20.75
2 Q 10°C 1844 21.15 6.90 29.27
1 Q 20°C 527 22.97 6.57 29.34
3 a 10°C 499 23.05 17.71 27.90 6.35 29.39
2 I3 25°C 485 23.09
3 ? 15°C 456 23.18
3 Q 10°C 54 26.28 3.98 30.07
3 Q 25°C 19 27.79 121.64 25.10

GH = growth hormone, T" = temperature, Ct = cycle threshold, » = number of fish with at least one positive result; Underlined values
represent samples with full set of Ct values (Ct for pituitary, liver and muscle).

pin was reduced and therefore the synthesis of mRNA gh
decreased. Similar results were described for gilthead sea-
bream, Sparus aurata Linnaeus, 1758, where synthesis and
secretion of GH had been observed during the spring peri-
od, when the photoperiod became longer and water temper-
ature ranged from 15 to 20°C (Pérez-Sanchez et al. 1994).
Kausel et al. (1999) also presented results where water tem-
perature had a profound impact on the expression of the
growth hormone encoding gene in common carp samples.
Interesting results were obtained for muscle tissue
samples where mRNA g/ expression was documented.
Extensive studies in orange-spotted grouper, Epinephelus
coioides (Hamilton, 1822), revealed that growth hormone
transcripts were not detected in kidney-, heart-, stomach-,
and muscle samples (Li et al. 2005). The authors applied
also alternative method to prove their findings, however
the obtained results confirmed the previous findings. The
data presented in Table 2 prove that in tench muscle an
expression of the growth hormone encoding gene exist but
on a lower scale compared to pituitary samples from the
same individual, where only 10 out of 24 analysed muscle
samples were characterized with Ct values (Table 2).

In the case of liver samples, the obtained Ct values
were one of the highest (low amount of mRNA gh) among
all obtained in the study. Yang et al. (1999) grouped inter-
nal organs of fish based on high and low copy number of
mRNA gh. This indicated that the pituitary gland, brain,
gills, and heart had higher number of mRNA g/ copies
than kidney, pyloric caeca, gonads, and liver. In the pres-
ently reported study, the method for quantification of gene
transcription was selected properly, which permitted as-
sessing even low levels of growth hormone gene activity.
Temperature effect on tench GH and IGF-I levels. Con-
centration of GH in liver and blood samples reached its
maximum in individuals kept at 20°C and then decreased
(Figs. 1 and 2). A similar tendency was observed for gilt-
head seabream, Sparus aurata Linnaeus, 1758 (see Pérez-
Sanchez et al. 1994). According to the above-mentioned
authors, the highest GH concentration at 20°C might re-
sult from an “immature” conformation state of the Growth
Hormone Receptor (GHR), which is unable to bind GH.
Later, when the water was heated up to 25°C, a successful
formation of GH-GHR complexes occur and the concen-
tration of GH in blood plasma decreases. Receptor state is
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one out of many control mechanisms of the somatotropic
axis, called receptor resistance (Sumpter et al. 1991, Gray
et al. 1992). The scientific literature had pointed out other
examples of brown trout, Sa/mo trutta Linnaeus, 1758 (see
Swift 1954); European perch, Perca fluviatilis Linnaeus,
1758 (see Swift and Pickford 1965); goldfish, Carassius

auratus (Linnaeus, 1758) (see Marchant and Peter 1986);
or gilthead seabream, Sparus aurata (see Pérez-Sanchez et
al. 1994) where temperature of water influenced GH level
in fish samples. Additionally, the above-mentioned studies
indicated that the highest GH concentration measured in a
given water temperature is species-specific. In our study,
within all temperature treatments, the values measured for
liver samples were lower comparing to those attained for
blood plasma samples.

Along with the increase of water temperature, the con-

centration of IGF-I in tench liver samples also increased.
This interdependency generally relates on GH-GHR inter-
actions which trigger the transcription process of mRNA
igf-I which is followed by IGF-I synthesis (Pérez-Sanchez
et al. 1994). The above-mentioned authors also observed
that low concentration of GH and high concentration of
IGF-I were positively correlated with the Specific Growth
Rate (SGR) and the Protein Efficiency Ratio (PER) in
fish. The results obtained in the presently reported study
showed that at 25°C the GH concentration dropped to the
same level as at 10°C, whereas the IGF-I concentration in
liver samples was the highest among all treatments. Low
concentrations of GH observed in plasma samples might
be explained by negative feedback exerted by IGF-I on
the growth hormone. It has been found that IGF-I stimu-
lates the production of somatostatin, which in turn affects
production and secretion of the growth hormone (Canosa
et al. 2007). In another case, Fraser et al. (2002) observed
that an increase of water temperature activated the tran-
scription of the GABA factor, which in effect arrested the
secretion of GH from the pituitary gland.
Sexual size dimorphism of tench. The present paper
considered also a well described phenomenon of fish SSD
with respect to the results obtained for tench. The SSD in
tench was for the first time described by Nordquist (1927,
cited after Wang et al. 2006). The above author noted that
in the second year of tench culture females grew faster
than males and suggested that it was probably connected
with sexual maturation. In yellowtail flounder, Limanda
ferruginea (Storer, 1839), females grew faster, attained
larger sizes, and had a longer lifespan than males as a rea-
son of energy surplus channelling. In the case of males,
energetic outlay on reproduction took place two years
earlier, compared to females. Males attained smaller sizes
and had a shorter life span (Dwyer et al. 2003). The sci-
entific literature has documented many other examples of
females growing faster than males and vice versa (Imsland
et al. 1997, Bonnet et al. 1999).

The SSD phenomenon in terms of the presented results
may be considered against Ct values measured for muscle
tissue. The majority of the obtained Ct results (70%) re-
ferred to females whereas 30% referred to males. In the
results obtained for the pituitary gland and liver there were
no differences between values referring to males and fe-
males. It is difficult to state explicitly that females might
grow faster than males. However, based on GH and IGF-I
concentrations we could generally assume that values for
females were higher in relation to males what was ob-
served for GH concentrations measured in liver samples
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excised from fish kept in water at 20°C (more than eight
time difference).
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