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Abstract: Calcineurin, a Ca®’/calmodulin-dependent protein phosphatase, plays a critical
role in controlling skeletal muscle fiber type. However, little information is available
concerning the expression of calcineurin in goat. Therefore, protein phosphatase 3
catalytic subunit alpha isoform (PPP3CA) gene, also called calcineurin Ao, was cloned
and its expression characterized in Tianfu goat muscle. Real time quantitative polymerase
chain reaction (RT-qPCR) analyses revealed that Tianfu goat PPP3CA was detected
in cardiac muscle, biceps femoris muscle, abdominal muscle, longissimus dors muscle, and
soleus muscle. High expression levels were found in biceps femoris muscle, longissimus
muscle and abdominal muscle (p < 0.01), and low expression levels were seen in cardiac
muscle and soleus muscle (p > 0.05). In addition, the spatial-temporal mRNA expression
levels showed different variation trends in different muscles with the age of the goats.
Western blotting further revealed that PPP3CA protein was expressed in the
above-mentioned tissues, with the highest level in biceps femoris muscle, and the lowest
level in soleus muscle. In this study, we isolated the full-length coding sequence of
Tianfu goat PPP3CA gene, analyzed its structure, and investigated its expression in
different muscle tissues from different age stages. These results provide a foundation for
understanding the function of the PPP3CA gene in goats.
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1. Introduction

Muscle fiber, significantly affecting the meat quality of livestock, has become a focus research
area [1-3]. There are four muscle fiber types, including, slow-oxidative (Type I) muscle fibers, fast
oxido-glycolytic (Type I1A) muscle fibers, and fast glycolytic (Type 11X and IIB) muscle fibers [4,5].
One study found that the main way to improve livestock meat quality is meant to raise the proportion
of slow-oxidative (Type I) muscle fibers [6].

Calcineurin (CaN), also named protein phosphatase 3 (formerly 2B), is the only serine/threonine
protein phosphatase under the control of Ca**/calmodulin, and plays a critical role in the coupling of
Ca”" signals to cellular responses [7]. Ca®" signaling plays a central role in hypertrophic growth of
cardiac and skeletal muscle in response to mechanical load and a variety of signals [8]. Therefore,
calcineurin plays an important role in muscle differentiation, especially in muscle fiber type
conversion. It can differentially regulate genes in oxidative muscle fiber type fast myosin heavy chain
conversion, evidently affecting the livestock meat quality [9—13]. On further study of the effects of
calcineurin on muscle differentiation, it seems that calcineurin regulates muscle fiber types of muscle
growth, depending both on muscle phenotype and stage of myofiber growth, using the calcineurin
inhibitor cyclosporin A (CsA) [14,15]. This illustrates that calcineurin, is regarded as a candidate gene,
that can play a role in muscle fiber differentiation, affecting the meat quality of livestock [16].

Regardless of the source of calcineurin, calcineurin is always a heterodimer of a 58—64 kD catalytic
and calmodulin-binding subunit, calcineurin A (CnA), tightly bound to a regulatory 19 kD
Ca”"-binding regulatory subunit, calcineurin B (CnB) [17]. CnA can be coded by three different genes,
respectively, PPP3CA (isoform o), PPP3CB (isoform B) and PPP3CC (isoform y), while CnB
is encoded by two different genes, respectively, PPP3RI (CnBl) and PPP3R2 (CnB2) [18].
Of all these genes, PPP3CA gene is highly expressed in skeletal muscle and takes a part in slow
muscle fiber type switching [19]. PPP3CA gene, is widely distributed [7,20-23], has also been cloned
in human, mouse, pig and cattle, and its encoded-protein is highly conservative [24-27].

PPP3CA gene has been isolated and its expression analyzed in other mammals already, but there is
little to report on caprine. In our study, we cloned Tianfu goat PPP3CA gene, analyzed its cDNA
sequence and encored-protein sequence, and examined its expression in different muscle tissues by
real time quantitative polymerase chain reaction (RT-qPCR) and western blotting. The results of this
study provide a foundation for understanding the function of the PPP3CA gene in muscle fiber
type conversion.
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2. Results and Discussion
2.1. Summary of Characteristics of Tianfu Goat PPP3CA Sequences and Structures

The cDNA nucleotide sequence analysis revealed that the nucleotide sequence represented one open
reading frame (ORF), which contained 1536 bp encoded 511 amino acids (Supplementary Information).
A BLAST search of NCBI’s nucleotide sequence database revealed that the fragment was significantly
similar to the PPP3CA gene sequences from other mammals. The deduced amino acid sequence of
Tianfu goat PPP3CA gene, having a molecular weight of 58.0 kDa and pl (isoelectric point) of 5.91,
was analyzed with the ProtParam tool. The Tianfu goat PPP3CA protein was not a signal peptide, and
had no obvious transmembrane domain. There were 33 phosphorylation sites successfully predicted by
the neural network in Tianfu goat PPP3CA protein. The secondary structure of the PPP3CA protein
was predicted to be mainly oa-helix (43.25%) and random coil (45.79%) (Figure 1). A conserver
domain, named PP2Ac, was calculated using the NCBI CD-search and the SMART. The PP2Ac
domain, from 56 to 347 AA, was a part of protein phosphatase 2A homologues catalytic domain, a
large family of serine phosphatases, which includes PP1, PP2A and PP2B (calcineurin) family
members, inferring the conserved domain of PP2Ac, having a similar function with serine
phosphatases, and maybe a functional area.

Figure 1. Predicted secondary structure of Tianfu goat PPP3CA amino acid (AA)
sequence. The blue line represents a-helix, the red line represents extended strand, and the

bt ot

400

Sequence alignment using DNAMAN V6 software revealed that the coding nucleotide sequence of
the Tianfu goat PPP3CA gene was 97.1% identical to bovine PPP3CA, and 96.7%, 93.9%, 91.2%,
90.6%, 95.6%, 92.7%, 86.8%, 83.2% and 76.2% identical to porcine, dog, mice, rat, human,
chimpanzee, finch, frog and tilapia, respectively, and the amino acid sequences were 99.8%, 99.6%,
97.7%, 97.7%, 97.7%, 99.6%, 96.0%, 96.2%, 95.0% and 87.2% identical to bovine, porcine, dog,
mice, rat, human, chimpanzee, finch, frog and tilapia, respectively (Figure 2). Sequence alignment
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revealed that PPP3CA proteins from different species were highly conservative.

Amino acid sequences of PPP3CA from 11 species were used for the phylogenetic tree constructed
with the software MEGAS.10. The results showed that all of the PPP3CA proteins from different
animals were divided into one subgroup. The highest homology was with cattle, the lowest homology
was with tilapia (bony fishes) (Figure 3).
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Figure 2. Amino acid sequence alignment of PPP3CA from different species. The blue,

pink and blue-green represent the different levels of amino acid sequence similarity of
PPP3CA from different species (high, intermediate, and low similarity, respectively).
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Figure 3. Phylogenetic tree of the amino acid sequences of PPP3CA. The tree was
constructed using the Neighbor Joining method in the MEGA 5.10 software. All above
sequences are from the NCBI data base (Bos mutus: NP _777212.1; Sus scrofa:
NP _999293.1; Homo sapiens: NP _000935.1; Pan troglodytes: XP_001168163.1;
Canis lupus familiaris: NP_001184025.1; Mus musculus: NP_058737.1; Rattus norvegucus:
NP 058737.1; Taeniopygia guttate: XP_002193146.2; Oreochromis  niloticus:
XP_004554421.1; and Xenopus (Silurana) tropicalis: NP_001119980.1).
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A SWISS-MODEL server was used to construct a 3D structural model of Tianfu goat PPP3CA
amino acid sequence (between amino acids (AA) 1-352). The homology modeling revealed that this
segment was similar to that of the ZN505 in the Protein Data Bank (ZN505: ItcoA: 21-372 AA)
(Figure 4). In Figure 5, there is no difference between PPP3CA (1-352 AA) protein domain and
ZN505-1tcoA (21-372 AA) domain. The 3D structural model of Tianfu goat may provide a basis for
further studying the relationship between structure and function of PPP3CA protein in goats.

Figure 4. The 3D structural model of Tianfu goat PPP3CA (1-352 AA) based on
homology modeling.
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Figure 5. Alignment of the Tianfu goat PPP3CA and ZN505 amino acid sequences.
TARGET represents Tianfu goat PPP3CA (1-352 AA), 1tcoA represents ZN505
(21-372 AA); s indicates the residues that form the “bend”; and h indicates the residues

that form the “a-helix”.

TARGET 1 VPFPPSHR LTAKEVFDND GKPRVDILKA HLMKEGRLEE TVALRIITEG
1tcoh 21 vpfppshr ltakevfdnd gkprwdilka hlmkegrlee tvalriiteg
TARGET hhhh hhhhhh hhh h hhhhhhhhhh
1tcoA hhhh hhhhhh hhh h hhhhhhhhhh

TARGET 49 ASILRQEKNL LDIDAFVIVC GDIHGQFFDL MKLFEVGGSE ANTRYLFLGD
1tcoh 69 asilrqelml ldidapvtve gdihgqffdl mklfevggsp antrylflgd

TARGET hhhhh ss ss5 ss3% hhhh hhhhhhh sssS%
1tcoA hhhhh  ss 555 ss3% hhhh hhhhhhh SSSSS
TARGET 99 YVDRGYFSIE CVLYLWALKI LYPKTLFLLR GNHECRHLTE YFTFKQECKI
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2.2. Analysis of mRNA Expression of Tianfu Goat PPP3CA in Different Muscle

RT-qPCR was conducted to determine the spatial-temporal mRNA expression of PPP3CA gene
in Tianfu goat muscle tissues, employing glyceraldeyhyde-3-phosphate dehydrogenase (GAPDH) as
endogenous control in each sample. The RT-qPCR results showed that Tianfu goat PPP3CA mRNA
existed in cardiac muscle, biceps femoris muscle, abdominal muscle, longissimus dors muscle and
soleus muscle at 150 days old (Figure 6). Particularly, high expression levels of PPP3CA were found
in biceps femoris muscle, longissimus dors muscle and abdominal muscle (p < 0.01), and low
expression levels were observed in cardiac muscle and soleus muscle (p > 0.05). This result is
consistent with previous research in pig (Figure 6) [26]. In former studies, Pette ef al., showed that the
muscle fiber type changed after birth [28]. That is to say, proportions of fast and slow muscle fiber
types from different muscle tissues were different. It stands to reason that the PPP3CA gene was
differently expressed in different muscle tissues with different proportions of fast and slow muscle
fibers, suggesting the PPP3CA gene is the key to muscle fiber growth and development [22,26].
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Figure 6. Spatial mRNA expression profile of Tianfu goat PPP3CA gene. The samples
1-5 represent cardiac muscle, biceps femoris muscle, abdominal muscle, longissimus dors
muscle and soleus muscle, respectively. Bars represent the mean + SD (n = 8).
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In addition, the PPP3CA spatial-temporal mRNA expression levels in different muscles showed
different variation trends in five muscle tissues with the age of Tianfu goats. During cardiac muscle
development, gene expression of PPP3CA was decreased gradually from the day 1 to the day 300; the
highest expression level was seen on the day 1 and the lowest expression level on the day 300 (Figure 7).
In biceps femoris muscle, gene expression of PPP3CA was first increased from the day 1 to the
day 75, then decreased to the day 225 and finally increased to the day 300; the highest expression was
seen on the day 75 and the lowest on the day 225 (Figure 7). In abdominal muscle, gene expression of
PPP3CA was first increased from the day 1 to the day 75, decreased to the day 150, after which it
increased to the day 225, and finally decreased to the day 300; the highest expression was observed on
the day 75 and the lowest on the day 300 (Figure 7). This contrasts with PPP3CA gene expression in
soleus muscle, which was highest on the day 225 and lowest on the day 300. In longissimus dors
muscle, gene expression of PPP3CA was first decreased from the day 1 to the day 75, then increased
to the day 150 and finally decreased to the day 300; the highest expression was seen on the day 150
and the lowest on the day 300 (Figure 7). Among these trends, the change curves of gene expression of
PPP3CA appeared to have remarkable fluctuation over the period from the day 1 to the day 300 in cardiac
muscle, biceps femoris muscle, abdominal muscle, and soleus muscle (Figure 7). However, during that
time, there was a slight change of PPP3CA gene expression in longissimus dors muscle (Figure 7).

McCoard et al., previously found that the proportions of slow muscle fibers grew steadily in
different muscles of lamb [29]. During muscle growth and development, the mRNA expression of
PPP3CA gene showed different variation trends in five muscle tissues with different proportions of
slow muscle fiber (Figure 7), implying PPP3CA could take a major part in slow muscle fiber
differentiation [23]. However, a special trend, a slight variation trend of PPP3CA gene expression, was
found in longissimus dors muscle (Figure 7). After birth, muscle fibers of longissimus dors muscle
were found primarily to have more fast muscle fibers than their counterparts in other muscle tissues,
signifying they were differentiated into fast muscle fibers in longissimus dors muscle [1,30].
Consequently, gene expression of PPP3CA slowed varying transformation of fast muscle fibers in
longissimus dors muscle from different age stages of Tianfu goats. These results further confirmed that
PPP3CA may serve a function in controlling slow muscle fiber differentiation [19].
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Figure 7. Temporal mRNA expression profiles of PPP3CA during different muscle
development in Tianfu goat. Bars represent the mean = SD (n = 8).
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2.3. Western Blotting Analysis of Protein Expression of Tianfu Goat PPP3CA

Western blotting results showed different expression levels of PPP3CA protein in cardiac muscle,
biceps femoris muscle, abdominal muscle, longissimus dors muscle, and soleus muscle at 150 days
old. Using GAPDH as the reference protein in each sample, PPP3CA protein was expressed in the
above-mentioned muscle tissues, with the highest level in biceps femoris muscle and the lowest level
in soleus muscle (Figure 8).

During the muscle fiber development and differentiation, the slow muscle fibers grew steadily in
lamb muscles, but with the exception of soleus muscle [29,31]. This means that the slow muscle fiber
proportions of soleus muscle were not significantly changed after birth [31]. PPP3CA came into play a
role in slow muscle fiber differentiation, the more the gene expression of PPP3CA, the stronger its
effects in slow muscle fiber differentiation [9,10,19]. Thereby, PPP3CA protein was expressed at the
lowest level in soleus muscle [19]. The results of western blotting further confirmed that PPP3CA
protein was differently expressed in different muscle tissues with different proportions of muscle fibers.
This threatens PPP3CA gene required for the key processes of myocyte differentiation and conversion
to the slow muscle fiber type [7,12,19].

Figure 8. Western blotting of Tianfu goat PPP3CA protein levels in five muscle tissues.
The samples 1-5 represent cardiac muscle, biceps femoris muscle, abdominal muscle,
longissimus dors muscle and soleus muscle, respectively, (n = 8).
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3. Experimental Section
3.1. Animals and Sample Collection

All experimental procedures were approved by Sichuan Agricultural University Animal Care and
Use Committee, Sichuan Agricultural University, Sichuan, China under permit No. DKY-B20100805.
All of the Tianfu goats were bred under the same standard conditions and slaughtered on the 1st, 75th,
150th, 225th, and 300th day after birth (n = 8 per group). The five muscle samples, including cardiac
muscle, biceps femoris muscle, abdominal muscle, longissimus dors muscle and soleus muscle, were
harvested, frozen in liquid nitrogen, and stored at —80 °C until total RNA and protein extraction.

3.2. Total RNA Isolation and Synthesis of cDNA

According to the manufacturer protocol’s, total RNA was extracted from five muscle tissues
(cardiac muscle, biceps femoris muscle, abdominal muscle, longissimus dors muscle, and soleus
muscle) using the RNAiso Plus (TaKaRa, Dalian, China). Total RNA was detected by 1% agarose gel
electrophoresis with 10x loading buffer (Tiangen, Beijing, China), and then preserved at —80 °C.
According to the manufacturer’s protocol, the first strand cDNA was compounded using a PrimeScript™
RT Reagent kit (TaKaRa). First strand cDNA was obtained and preserved at —20 °C a freezer.

3.3. Cloning of the Tianfu Goat PPP3CA Gene

To clone the cDNA sequence of Tianfu goat PPP3CA gene, the RNAs were extracted from the
longissimus dorsi muscle of Tianfu goat with the following cDNA library construction. A pair of
primers, 5'-ATGTCCGAGCCCAAGGCAATT-3' and 5'-AGCAGCAATATCCAGTGA-3', which was
designed by the Primer premier 5.0 software (PREMIER Biosoft International, Palo Alto, Canada) and
based on the bovine PPP3CA gene (GenBank No. NM_174787.2) [32] was prepared for PCR. PCRs
were run under the following cycling conditions: 95 °C for 5 min, followed by 40 cycles of 95 °C for
30 s; 61.4 °C for 30 s; 72 °C for 90 s, and a final extension at 72 °C for 10 min. The products of
PCRs were detected by 1.5% agarose gel electrophoresis, and then the PCR products were obtained.
An E.ZN.A Gel Extraction Kit (Omega BioTek, Doraville, GA, USA) was used to extract the PCR
fragments from the gel, and then ligated into pMD19-T vector (TaKaRa) at 4 °C overnight. Finally, the
cloned products were sequenced by LiuHe HuaDa Biotechnology Co. Ltd. (Beijing, China).

3.4. Sequence Analysis

Sequence analysis of the predicted PPP3CA protein of Tianfu goat translated used ExPaSy
(http://www.expasy.org). The molecular weight and pl (isoelectric  point)  were
divined by ProtParam tool (http://web.expasy.org/protparam/). The NetPhos 2.0 server
(http://www.cbs.dtu.dk/services/NetPhos/) was used to produce neural network predictions for
phosphorylation sites in Tianfu goat PPP3CA protein, while SignalP 4.1 server
(http://www.cbs.dtu.dk/services/SignalP/) was employed to dope out location of signal peptide
cleavage sites in PPP3CA amino acid sequence. The transmembrane helices were calculated to
preforecast by TMHMM 2.0 (http://www.cbs.dtu.dk/servicess TMHMM-2.0/). The putative conserved
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domain of PPP3CA protein was calculated by NCBI Batch Web CD-search tool
(http://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi) and SMART (http://smart.embl-heidelberg.de
/smart/set_mode.cgi?’NORMAL=1) online tool. The secondary structure of deduced amino acid
sequence was predicted by NPSA (http:/npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=
/NPSA/%20npsa_hnn.html\). The coding nucleotide and protein sequences of PPP3CA from related
different species were aligned with the Tianfu goat sequences using the DNAMAN V6 software
(Lynnon Biosoft, Los Angeles, CA, USA). Amino acid sequences of PPP3CA protein from 11 species
were used for the phylogenetic tree constructed by the MEGAS.10 program. The SWISS-MODEL
server (http://www.expasy.org/swissmod/SWISSMODEL.html) was used to model the Tianfu goat
PPP3CA protein 3D conformation.

3.5. RT-gPCR Analysis of PPP3CA Gene mRNA Expression

Total RNAs of five muscle tissues were extracted. RT-qPCR was used to analyze the relative
mRNA expression of PPP3CA gene in different muscle tissues of Tianfu goat at 150 days old.
Analysis of spatial-temporal expression patterns of PPP3CA gene used the housekeeping gene,
GAPDH gene as an internal control. The primers are shown in Table 1. The 25 pL reaction system of
RT-qPCR was: 12.5 pL SYBR premix Ex TAq™ (TaKaRa), 1 uL Forward primer (4.19 nmol per OD),
1 uL Reverse primer (4.37 nmol per OD), 2 uL. cDNA of each muscle tissue, 8.5 uL. RNase-free H,O
(Tiangen). RT-qPCR program initially started with: 95 °C for 10 s followed by 40 cycles of 95 °C for
5 s and 60 °C for 30 s.

Table 1. Primer pairs used for analysis of the gene expression of Tianfu goat PPP3CA.

Primer Sequence fragment Product length (bp)  Application
PPP3CA-F GAACCACCTGCTTATGGACCTAT 244 Expression
PPP3CA-R AAGGGAAGCCTGTTGTTTGG 244 Expression
GAPDH-F GTCACCAACTGGGACGACA 118 RT-gPCR
GAPDH-R AGGCGTACAGGGACAGCA 118 RT-qPCR

3.6. Western Blotting Analyses of PPP3CA Protein Expression

Total proteins of five muscle tissues were extracted by using a Total Protein Extraction Kit
(Sangon Biotech, Shanghai, China), according to the manufacturer’s protocol, and then the muscle
proteins were preserved at —80 °C in a freezer. Western blotting was used to analyze the relative
protein expression of PPP3CA in muscle tissues of Tianfu goat at 150 days old. The determination of
the protein concentration used BCA protein assay kit (Beyotime, Shanghai, China) with bovine serum
albumin (BSA) as a standard. GAPDH protein was selected as an internal control. Polyclonal
antibodies to the calcineurin protein (Abcam, Cambridge, UK) were used at 1/500 dilution and a
monoclonal antibody to the GAPDH protein (BiYunTian, Shanghai, China) was at a 1/1000 dilution.
Equal amounts of protein (12 pg per lane) were resolved on 12% SDS-polyacrylamide gels, and then
as detailed previously in [33], the intensity of the signal was used to analyze the relative amount of
PPP3CA protein in Tianfu goat muscle tissues extracts.
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3.7. Statistical Analysis

All data are expressed as the means + SD. Statistical analysis was performed using one-way analysis
of variance (ANOVA) followed by Duncan’s multiple-range test through the SPSS 13.0 statistical
software package (SPSS Inc., Chicago, IL, USA). The threshold of significance was defined as p < 0.05.

4. Conclusions

In our study, we isolated the Tianfu goat PPP3CA gene and used various bioinformatics software to
analyze its nucleotide and protein sequences. We predicted a 3D structure of PPP3CA protein (1-352 AA)
and analyzed the differences of spatial-temporal mRNA expression in different muscle tissues from
five age stages of Tianfu goats. Additionally, western blotting was used to analyze the expression of
PPP3CA protein in five muscle tissues of Tianfu goats. The first evidence showed that PPP3CA gene
is expressed in goat muscle tissues and has an expression pattern similar to porcine, suggesting that a
similar function of PPP3CA in both goats and pigs. This information obtained provides an important
theoretical basis for further research into the function of PPP3CA.

Acknowledgments

This work was financially supported by the China Agricultural Research System (CARS-39) and
the Selecting Projects of New Breeds in Sichuan Province (01NG002-04).

Author Contributions

L.W. and J.M. designed the experiment under the supervision of G.X.; L.W., JM. and N.W.
performed the experiments and analyzed the data with the advice of G.X. and D.W.; L.W. and J.M.
discussed the results; G.X. and D.W. gave conceptual advice; W.L. wrote the manuscript; all authors
commented on the manuscript at all stages.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Gentry, J.; McGlone, J.; Blanton, J.; Miller, M. Impact of spontaneous exercise on performance,
meat quality, and muscle fiber characteristics of growing/finishing pigs. J. Anim. Sci. 2002, 80,
2833-2839.

2. Karlsson, A.H.; Klont, R.E.; Fernandez, X. Skeletal muscle fibres as factors for pork quality.
Livest. Prod. Sci. 1999, 60, 255-269.

3. Klont, R.; Brocks, L.; Eikelenboom, G. Muscle fibre type and meat quality. Meat Sci. 1998, 49,
S219-S229.

4. Lefaucheur, L.; Milan, D.; Ecolan, P.; Le Callennec, C. Myosin heavy chain composition of
different skeletal muscles in Large White and Meishan pigs. J. Anim. Sci. 2004, 82, 1931-1941.



Int. J. Mol. Sci. 2014, 15 2357

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Argiiello, A.; Lopez-Fernandez, J.L.; Rivero, J.L.L. Limb myosin heavy chain isoproteins and
muscle fiber types in the adult goat (Capra hircus). Anat. Rec. 2001, 264, 284-293.

Ryu, Y.; Kim, B. The relationship between muscle fiber characteristics, postmortem metabolic rate,
and meat quality of pig longissimus dorsi muscle. Meat Sci. 2005, 71, 351-357.

Rusnak, F.; Mertz, P. Calcineurin: Form and function. Physiol. Rev. 2000, 80, 1483—1521.

Olson, E.N.; Williams, R.S. Remodeling muscles with calcineurin. Bioessays 2000, 22, 510-519.
Serrano, A.L.; Murgia, M.; Pallafacchina, G.; Calabria, E.; Coniglio, P.; Lemo, T.; Schiaffino, S.
Calcineurin controls nerve activity-dependent specification of slow skeletal muscle fibers but not
muscle growth. Proc. Natl. Acad. Sci. USA 2001, 98, 13108-13113.

Chin, E.R.; Olson, E.N.; Richardson, J.A.; Yang, Q.; Humphries, C.; Shelton, J.M.; Wu, H.; Zhu, W.;
Bassel-Duby, R.; Williams, R.S. A calcineurin-dependent transcriptional pathway controls skeletal
muscle fiber type. Genes Dev. 1998, 12, 2499-2509.

Schiaffino, S.; Serrano, A. Calcineurin signaling and neural control of skeletal muscle fiber type
and size. Trends Pharmacol. Sci. 2002, 23, 569-575.

Friday, B.B.; Horsley, V.; Pavlath, G.K. Calcineurin activity is required for the initiation of
skeletal muscle differentiation. J. Cell Biol. 2000, 149, 657-666.

Da Costa, N.; Edgar, J.; Ooi, P.-T.; Su, Y.; Meissner, J.D.; Chang, K.-C. Calcineurin differentially
regulates fast myosin heavy chain genes in oxidative muscle fibre type conversion. Cell Tissue Res.
2007, 329, 515-527.

Mitchell, P.O.; Mills, S.T.; Pavlath, G.K. Calcineurin differentially regulates maintenance and
growth of phenotypically distinct muscles. Am. J. Physiol. Cell Physiol. 2002, 282, C984—C992.
Westerblad, H.; Allen, D. Changes of myoplasmic calcium concentration during fatigue in single
mouse muscle fibers. J. Gen. Physiol. 1991, 98, 615—635.

Fiems, L.O. Double muscling in cattle: Genes, husbandry, carcasses and meat. Animals 2012, 2,
472-506.

Guerini, D. Calcineurin: Not just a simple protein phosphatase. Biochem. Biophys. Res. Commun.
1997, 235, 271-275.

Parsons, S.A.; Millay, D.P.; Wilkins, B.J.; Bueno, O.F.; Tsika, G.L.; Neilson, J.R.; Liberatore, C.M.;
Yutzey, K.E.; Crabtree, G.R.; Tsika, R.W. Genetic loss of calcineurin blocks mechanical
overload-induced skeletal muscle fiber type switching but not hypertrophy. J. Biol. Chem. 2004,
279, 26192-26200.

Parsons, S.A.; Wilkins, B.J.; Bueno, O.F.; Molkentin, J.D. Altered skeletal muscle phenotypes in
calcineurin Ao and A gene-targeted mice. Mol. Cell Biol. 2003, 23, 4331-4343.

Kuno, T.; Mukai, H.; Ito, A.; Chang, C.D.; Kishima, K.; Saito, N.; Tanaka, C. Distinct cellular
expression of calcineurin Ao and Ap in rat brain. J. Neurochem. 1992, 58, 1643—1651.

Blough, E.; Dineen, B.; Esser, K. Extraction of nuclear proteins from striated muscle tissue.
Biotechniques 1999, 26, 202-206.

Naya, F.J.; Mercer, B.; Shelton, J.; Richardson, J.A.; Williams, R.S.; Olson, E.N. Stimulation of
slow skeletal muscle fiber gene expression by calcineurin in vivo. J. Biol. Chem. 2000, 275,
4545-4548.



Int. J. Mol. Sci. 2014, 15 2358

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tamova, L.; Petr, J.; Zalmanova, T.; Chmelikova, E.; Kott, T.; Tichovska, H.; Kucerova-Chrpova, V.;
Hoskova, K.; Jilek, F. Calcineurin expression and localisation during porcine oocyte growth and
meiotic maturation. Anim. Reprod. Sci. 2013, 141, 154-163.

Klee, C.B.; Ren, H.; Wang, X. Regulation of the calmodulin-stimulated protein phosphatase,
calcineurin. J. Biol. Chem. 1998, 273, 13367-13370.

Kincaid, R.L.; Nightingale, M.S.; Martin, B.M. Characterization of a cDNA clone encoding the
calmodulin-binding domain of mouse brain calcineurin. Proc. Natl. Acad. Sci. USA 1988, 83,
8983-8987.

Depreux, F.; Scheffler, J.; Grant, A.; Bidwell, C.; Gerrard, D. Molecular cloning and
characterization of porcine calcineurin-a subunit expression in skeletal muscle. J. Anim. Sci. 2010,
88, 562-571.

Wang, M.; Yi, H.; Guerini, D.; Klee, C.; McBride, O. Calcineurin A o (PPP3CA), calcineurin A 3
(PPP3CB) and calcineurin B (PPP3R1) are located on human chromosomes 4, 10g21 — q22 and
2pl6 — pl5 respectively. Cytogenet. Genome Res. 1996, 72, 236-241.

Pette, D.; Staron, R.S. Myosin isoforms, muscle fiber types, and transitions. Microsc. Res. Tech.
2000, 50, 500-509.

McCoard, S.; McNabb, W.; Peterson, S.; McCutcheon, S.; Harris, P. Muscle growth, cell number,
type and morphometry in single and twin fetal lambs during mid to late gestation.
Reprod. Fertil. Dev. 2001, 12, 319-327.

Tauveron, I.; Larbaud, D.; Champredon, C.; Debras, E.; Tesseraud, S.; Bayle, G.; Bonnet, Y.;
Thieblot, P.; Grizard, J. Effect of hyperinsulinemia and hyperaminoacidemia on muscle and liver
protein synthesis in lactating goats. Am. J. Phys. Endocrinol. Metab. 1994, 267, E§77-E885.

Yan, Z.; Booth, F.W. Cytochrome ¢ promoter activity in soleus and white vastus lateralis muscles
in rats. J. Appl. Phys. 1998, 85, 973-978.

Selvakumar, P.; Lakshmikuttyamma, A.; Anderson, D.H.; Sharma, R.K. Molecular cloning,
expression, purification and characterization of calcineurin from bovine cardiac muscle.
Biochimie 2005, 87, 975-983.

Xu, H.; Xu, G.; Wang, D.; Ma, J.; Wan, L. Molecular cloning, sequence identification and
expression analysis of novel caprine MYLPF gene. Mol. Biol. Rep. 2013, 40, 2565-2572.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



