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Abstract

Leptin, the product of the ob gene, is secreted mainly in adipose tissue. Due to the associations
between plasma leptin concentrations and body fat, leptin could be used as an indicator for the in
vivo evaluation of carcass composition in breeding programs. Previous studies showed relation
between leptin concentrations and some trace elements, suggesting that they might be mediators
of leptin production. The present study was designed to evaluate the effect of single nucleotide
polymorphism of the leptin gene on concentration of trace elements in the serum of 58 Czech Pied
bulls. Three experimental groups of bulls were formed depending on different leptin genotypes:
group CC (n = 28), group C7 (n = 21) and group 77 (n =9). In all groups, the age (at a mean
age of 240 days) and the body weight (mean 291 + 11 kg) difference among the chosen animals
was non-significant. Blood samples of all bulls in experimental groups were collected from vena
jugularis externa between 8.00 and 9.30 h. Concentrations of copper, zinc and iron in the serum
of animals were measured. Significantly lower (P < 0.05) zinc concentrations were recorded in
bulls of 77 group (13.21 £ 1.81 pumolI'") compared to CC (20.09 + 1.11 pmol-1'") and CT group
(19.67 £ 1.45 umol‘l"). In case of copper and iron concentrations in serum of animals, no
differences were recorded between the tested groups. This is the first study of its kind in Czech
Pied cattle. Based on our results, we may assume that zinc plays some role in the metabolism of
adipose tissue, havings an effect on beef quality.
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The systemic leptin concentrations are strongly associated with mRNA concentrations
in subcutaneous adipose tissue and cellularity (Delavaud et al. 2002). The leptin
gene has been mapped to bovine chromosome 4 (Stone et al. 1996). Single nucleotide
polymorphisms (SNP) in the leptin gene (cytosine to thymine transition in exon 2, that
encoded amino acid change of arginine to cysteine) have been associated with serum leptin
concentration, feed intake and milk yield (Liefers et al. 2002). Allelic variation in the
leptin gene has also been associated with increased fat deposition in beef cattle (Nkrumah
et al. 2004) and variation in marbling (Le et al. 2013). The T allele was associated with
fatter carcasses and the C allele with leaner carcasses (Buchanan et al. 2002).

Trace elements such as copper (Cu), iron (Fe) and zinc (Zn) are essential nutrients both
for humans and animals, and are needed in very small amounts for many physiological
functions, including immune and antioxidant function, growth and reproduction. Due
to having the same biological effects, it has been hypothesized that serum leptin may
be associated with the trace elements (Olusi et al. 2003). However, there is very little
information available about the association of serum leptin with trace elements in healthy
populations of domestic animals.
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The aim of the present study was to test the hypothesis that leptin gene single nucleotide
polymorphism has an effect on the concentration of copper, zinc and iron in the serum of
Czech Pied bulls.

Materials and Methods

Animals and breeding conditions

The experiment was performed on 58 Czech Pied Cattle bulls 240 + 9 days of age, mean weight 291 + 11 kg,
body condition scoring (BCS) - 3, kept on deep litter in boxes. Three experimental groups of these animals were
created depending on different leptin genotypes: group CC (n = 28), group CT'(n =21) and group 77 (n=9). In all
groups, the age and body weight difference among the chosen animals was non-significant. The feeding ration was
based on corn silage. The feeding rations components and the content of standard nutrients in the feeding ration are
presented in Table 1.

Table 1. Components and nutrients composition of the diets of ~Leptin genotype analysis

240 days old Czech Pied bulls divided into 3 groups depending Blood sampling for leptin genotypes
on leptin single nucleotide polymorphism (TT, CT, CC). and trace element analysis was performed
at the same time between 8.00 and 9.30 h
In all bulls, 2 ml of blood were collected

Component/nutrient Value ’ . . .
- S from vena jugularis externa into tubes with
Corn silage (kg-day™') 15 ethylenediaminetetraacetic  acid (EDTA).
Clover haylage (kg-day™) 5 Blood was stored at —20 °C. Genomic DNA
CCM (kg-day™) 15 was isolated from blood using the QIAamp
Hay (ke-day! 05 DNA Blood Mini Kit (Qiagen Inc., Valencia,
ay (kg-day) : CA, USA). The quality of DNA was verified
Straw (kg-day™) 0.5 by agarose gel electrophoresis in 1% gel
Wheat meal (kg-day™) 1.7  visualized with ethidium bromide. Genotypes

06 Were determined based on molecular genetic

1 . -1
Maize meal (kg-day™) analysis of SNP in the exon 2 of the leptin

Rapeseed meal (kg-day™') 0.5 gene (transiton C — T) (Buchanan et
Limestone powder (kg-day™) 0.8 al. 2002). For testing, we used our own
.dav-! methodology. PCR primers were designed
Fe.ed salt (.kg d.ay ) 0.05 based on GenBank US50365 sequence (FW:
Mineral-vitamin feedstuffs for cattle 5 TCGTTGTTATCCGCATCTGA 3°, REV:
(VVS, Czech Republic) (kg-day) 0.18  5’TACCGTGTGTGAGATGTCATTG 3°).
Crude protein (g'kg) 125.5 The PCR was performed in 12.5 pl volumes
Crude fiber (2'kg") 173.6 containing 25 ng of bovine genomic DNA, 1x
gxe ) HotStarTaq Master Mix (Qiagen) and 0.2 uM
Net energy (MJ-kg") 6.1 of each forward and reverse primer. A PCR
PDIE (g'kg") 80.6  thermal profile consisted of pre-denaturation
PDIN (gkg™) 823 at 95 °C for 2 min followed by 30 cycles of

denaturation at 95 °C for 30 s, annealing

] ] ] . temperature 56 °C for 30 s, elongation at 72
CCM — corn cob mix, PDIE - protein supplied when energy is  oC for 30 s and final extension at 72 °C for

limited in the rumen, PDIN - protein supplied when nitrogen 7 min. The obtained PCR products of 278 bp
is limited in the rumen in size were verified on 3% agarose gel and
resequenced using the ABI PRISM 3100-Avant
Genetic Analyzer. The polymorphic locus
(C/T) is located at position 204 of the fragment. Genotypes were determined based on the sequence.

Blood serum samples preparation

Blood samples of all bulls in three experimental groups were collected from vena jugularis externa between 8.00
and 9.30 h. Blood was sampled into the test tube with silicon gel separator and coagulation accelerator (Dispolab,
Czech Republic). Blood samples were centrifuged for 10 min (4 °C, 2000 g) and the separated serum was stored at
—20°C until analyzed. Blood sampling was performed randomly in all bulls kept in individual groups.

Trace element analysis

Copper (Cu), Iron (Fe) and zinc (Zn) serum concentration in serum were analysed on Konelab T20xt automatic
analyser (Thermo Fisher Scientific, Finland) using currently available commercial kits (Biovendor-Laboratorni
medicina, Czech Republic).

Statistical analysis
Changes in serum leptin and trace elements were analyzed by one-way ANOVA for factors leptin genotype.
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ANOVA was followed by post-hoc Fischer LSD test. All statistical analyses were performed by Statistica 8.0
statistical software (StatSoft Inc., Tulsa, USA). Data presented mean = SE. The overall level of significance was
defined as P < 0.05.

Results

Based on the results of one-way ANOVA, significant effect of leptin genotype on zinc
blood serum concentration [F(2, 55) = 6.138, P = 0.019] was determined (Fig. 1). Using
Fisher’s LSD post-hoc test, significantly lower (P < 0.05) zinc concentration were recorded
in bulls of 77 group (13.21 + 1.81 umol-1"") compared to CC (20.09 + 1.11 pmol-1"!) and
CT group (19.67 = 1.45 pmol-1"). No significant effects of leptin genotype on copper
[F(2, 55) =0.571, P =0.094] and iron [F(2, 55) = 0.328, P = 0.173] concentrations were
found (Fig. 1).
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Fig. 1. Serum zinc, copper and iron concentration of 240 days old bulls divided into 3 groups depending on leptin
single nucleotide polymorphism (TT, CT, CC).

Discussion

In several studies (Buchanan et al. 2002; Liefers et al. 2002), the T allele of leptin
gene was associated with higher concentration of leptin in the blood of animals. Zinc
and copper have been implicated in altered adipose metabolism and play important roles
in many aspects of energy metabolism (Turnlund 1998). Based on this information, it
might be expected that concentrations of serum trace elements would be different in bulls
based on SNP of the leptin gene. In three groups of Czech Pied bulls we determined serum
concentrations of copper, zinc and iron to be within the physiological range, similarly as
in our previous studies (Pavlik et al. 2008, 2009, 2010). In the present study, we found
a significant effect of SNP of the leptin gene on serum zinc concentration; however, not
in the case of copper and iron concentrations. There are no studies aimed at assessing the
relationship between trace elements and leptin in cattle. Micronutrients such as copper and
zinc are possible mediators of leptin regulation in humans and rodents, although results
are controversial (Mantzoros et al. 1998; Olusi et al. 2003). In humans, Casimiro-
Lopes et al. (2009) noted a relationship between plasma zinc and leptin concentration
only in males, a relationship between copper and leptin only in females, and suggested a
sex-related difference on the leptin regulation by zinc and copper. Mantzoros et al. (1998)
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investigated the zinc status and its acting on plasma leptin concentrations and found a
positive correlation between their levels. This association could be explained by the effect
of zinc-alpha2-glycoprotein (ZAG) on leptin concentrations. Zinc-alpha2-glycoprotein
is an adipokine involved in the metabolism of lipids in the adipocytes. Mammalian
tissues have a high endogenous zinc content (0.5-1.0 mmol-l"") that is able to influence
glucose metabolism. It is possible that the effect of zinc to increase leptin production
may be associated with altered glucose metabolism but cannot be totally attributable to
augmented lipogenesis (Chen et al. 2000). Some authors have reported that zinc might be
a mediator of leptin production (Chen et al. 2000). However, Olusi et al. (2003) recorded
no significant relationship between zinc and leptin in healthy adult human. Koury et al.
(2007) reported that plasma leptin and trace elements were associated with exercising.
Mantzoros et al. (1998) concluded that Zn may influence serum leptin concentrations,
possibly by increasing the production of IL-2 and TNF-a. Perrone et al. (1998) expected
that copper could be linked to leptin regulation. Tajik and Nazifi (2011) also found no
significant correlation of leptin with serum Cu.

Increased leptin concentrations induced by cytokines such as interleukin-1 and
tumour necrosis factor in experimental inflammatory situations have been claimed to be
responsible for inflammation. Inflammation would elevate serum ferritin concentrations,
thus disturbing its reliability in representing the labile-tissue iron content (Janik et al.
1997). The probable role of Fe in leptin metabolism is less well-defined. It was suggested
that leptin may be involved in erythropoiesis (Nasri 2006). On the other hand, lack of
association between plasma leptin concentrations and the degree of appetite was reported
in iron deficient children (Topaloglu et al. 2001). However, Nasri (2006) and Tajik and
Nazifi (2011) found no significant correlation between serum concentrations of leptin
and iron.

In our study, the effects of single nucleotide polymorphism of the leptin gene were
investigated. We found a significant effect of leptin SNP on serum zinc concentration but
no effect of leptin SNP on other trace elements was recorded. The allele frequencies at SNP
support a role in fat deposition, as shown by previous studies. Based on our results we may
assume that zinc plays some role in the metabolism of adipose tissue, having an effect on
beef quality.
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