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Abstract: The Ubiquitin-proteasome system is an essential mechanism for protein degradation in eukaryotes
and ubiquitin-specific proteases are key effectors of the Ubiquitin-proteasome system. About 5 porcine USP
genes (14, 16, 38, 44 and 54) were 1solated and shared lugh sequence similarity with their human homologues
genes. Then, the tissue expression pattern of 3 porcine USP genes were analysed by RT-PCR in 2 breeds
(a domestic breed and a foreign breed) and the results showed that UUSP 14, 16, 38 and 54 gene expression were
higher in muscle tissue. In addition, researchers mapped the 5 porcine genes and all chromosomes assignments
were consistent with known chromosomal homologies between human and pig. All results provided a basis for

further function study of these 5 USP genes.
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INTRODUCTION

Ubiquitin - (Ub) is a small highly conserved
protein among eukaryotes and 1s composed of 76 amino
acids. The Ubiquitin-proteasome system 1s an essential
mechanism for protein degradation in eukaryotes and the
ubiquitin-proteasome pathway has emerged as a central
player in the regulation of several diverse cellular
processes (Jayhyuk ez al., 2001). Recently, the Ubiquitin-
proteasome system 1s believed to play a major role in
muscle wasting, degrading actin and myosin heavy
chain (Ventadour and Attaix, 2006). Multiple steps were
mvolved in the ubiquitin-proteasome pathway ncluding
ubiquitination, deubiquitination, proteasome activities.
Protein ubiquitination is composed of a series of
enzymatic reactions (Song et al., 2004, Zhang ef al., 2003).
The gene of ubiquitin-specific protease family encodes
an ubiquitin-specific protease, a de-ubiquitinating enzyme
which removes ubiquitin from specific protein substrates
and allows protemn salvage from proteasome degradation,
regulation of protem localization or
(Hershko and Ciechanover, 199%).

Ubiquitin-specific proteases are key effectors of the

activation

ubiquitin-proteasome system and are believed to degrade
the major contractile skeletal muscle protemns m muscle
wasting (Attaix et al, 2005). Due to USPs protease

activity and ther involvement m several pathologies,
UUSPs are emerging as important target sites in the
ubiquitin regulatory machinery (Daviet and Colland, 2008).
The human USP gene family includes 54 genes however,
USP-related research m swine has not yet reported. USP
genes are important protein in muscle metabolism and
muscle development is a focal research of pig breeding so
researchers selected porcine USP genes as research
object in this study.

MATERIALS AND METHODS

Isolating and sequencing: To isolate the porcme 14, 16,
38, 44 and 54 genes, the specific primers were designed on
pig EST data from NCBI using the mRNA sequences of
human homology genes as probes (GenBank Acc. no.
NM 005151, NM 006447, NM_ 032557, NM_ 032147 and
NM 152586).

The PCR was conducted in 20 pl. reaction volume
consisting of 50 ng of porcine cDNA, 1 x PCR buffer,
0.6 uM of each primer, 75 pM of each dNTPs, 2.0 mM
Mg(Cl, and 2U Tag DNA polymerase.

The PCR parameters were 94°C for 53 min firstly and
30 cycles of 94°C for 20 sec, 56--58°C for 20 sec followed
by a further 10 min extension at 72°C. The PCR products
were purified with Wizard prep PCR purification system
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and sequenced. The identities of the PCR products
amplified from genomic DNA were confirmed by sequence
analysis.

Chromosomal location: The 5 genes were mapped using
a whole genome porcine Radiation Hybrid panel (IMpRH)
(Yerle et al., 1998; Milan et al., 2000). The 25 ng ImpRH
template was used m 10 pL. PCR reactions. The PCR
results for the 5 genes were analyzed using the IMpRH
mapping tool (Marklund ef al., 1996)available through the
IMpRH web server. The PCR typing of each gene was
done twice in the IMpRH to make sure the right results
which were shown in Table 1.

RT-PCR analysis of the 5 USP genes expression: The
spatio-temporal expression patterns of 5 genes were

Table 1: The primers used for mapping and expression analysis the 5 genes

Sequence
similarity with

Size  Amnealng  human sequences

Genes  Primer sequences (5°-3") (bpy  Temp. (°C) (Acc. no.)
USP 14 FF-AAAAGAGGGTAGAAGCAGAC

PR-TTAGATAAGGCAAALGHATGG 320 56 894 MM 005151)
USP 16 PF-CCTATGCCAAGGCAAGASM

PR-AAACCACCACCCAMACATA 466 58 7% (MIML_006447)
USP 38 PF-CTGCCTCCTGTTCATTTCG

PR-COCAGCCAMMGATTCCTATT 545 57 8846 (MM_032557)

investigated using Reverse Transcriptase-Polymerase
Cham Reaction (RT-PCR). The samples (brain, skeletal
muscle, liver and fat) collected from adults porcine
{Chinese Fengjing pig and Duroc) were used to determine
the tissue distribution of the 5 genes. PCR conditions
were as follows: 5minat 95°C followed by 28 cycles of
20 sec at 94°C, 20 sec at 56°C, 20 sec at 72°C and a final
extension of 8 min at 72°C. B-actin was used as an internal
control gene (Meadus, 2003).

RESULTS AND DISCUSSION

In order to study, the porcine USP genes, the first
1solated the USP genes, separately. The 5 DNA fragment
were obtained by PCR amplification and were belong to
five porcine genes (USP 14, 16, 38, 44 and 54) by sequence
analysis. The 320 bp DNA fragment of porcine TSP 14
gene was 89% 1dentical to the human (NM_005151), the
570 bp DNA fragment of porcine USP 16 gene was
87% identical to the human (NM_006447), the 945 bp
DNA fragment of porcine USP 38 gene was 88%
identical to the human (NM_032557), the 423 bp DNA
fragment of porcine USP 44 gene was 90% 1dentical to

USP44 PF-ACGACCATTCCATCCTCAAC the human (NM 032147), the 472 bp DNA fragment of
PRTTAGTATCCTCCTCCTGTGCS 423 57 9005 (MM C32147) N P 8
UEP 54 PECOOOAGAT o A G AGTCT - porcine USP 54 gene was 86% identical to the human
PR-GTCAAATAAAGCCCTAAMCAGS 472 58 85 A 152586) (NM_] 52586). These genes shared relativ e]y hlgh
Table 2: RH mapping of 5 porcine matrix metalloproteinase genes
GenBank Acc. Retention Closed Human
Genes no. (porcine) (%) Lod score marker Dist (cR) Chr localization®
USP 14 GO 273966 22 4.44 SSC11E11 0.72 1q21-q27 18p 11.32
USP 16 GQ 273967 23 7.31 5 0289 0.68 13q41-q49 21q 22.11
USP 38 GO 273968 34 13.21 S 0069 0.29 8qll-ql12 4q 31.10
USP 44 GQ 273969 35 8.68 SW 1383 0.49 5q23-q25 12q 22.00
USP 54 GO 273970 22 7.22 SW 1536 0.50 14 10q 22.20
*The locations of genes of the human map were obtained from http://www.ncbi.nlm.nih.gov/
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Fig. 1: The spatio-temporal expression pattern of the 5 genes; *the tissue were collected from Fengjing pig and ‘the

tissue were collected from Duroc
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sequence similarity with their human homologues genes,
respectively so that we believed that they may have some
sinilar functions like the human USP genes m muscle
metabolism. Further, 5 genes were mapped by IMpRH
panel. In Table 2 as shown understand the chromosomal
location of the new genes were helpful to study the new
genes functions because some chromosomal regions was
the region where the known QTL or functional genes.
Locations of the 5 genes were reported by choosing the
closest markers.

About USP 14 was mapped on 5S¢l q21-¢g27; USP 16
was mapped on SScl3g41-g49; USP 38 was mapped on
SS3c8ql1-q14 and USP 44 was mapped on 5Sc¢5q23-g25.
About TJSP 54 gene was linked with marker SW 1536
which location was inaccurate and therefore, the exact
location of USP 54 was not showed in Table 1.

There are some meat quality traits QTL in 1, 5, 8 and
SSc 13 (Malek et al., 2001, Zhang et af., 2007) and
USP 14, 16, 38 and 44 m these chromosomes, respectively
however, these four genes whether located within these
QTL regions or closely linked to their need to be further
verified. In addition, mvestigating the genes expression in
different organs and tissues was another method for an
mutial stage of new genes fumctions research. The RT-PCR
results (Fig. 1) revealed that porcine USP 14, 16, 38 and 54
genes expression in brain, skeletal muscle, liver and fat of
Fengjing pig and Duroc, only TSP 44 gene expression was
restricted to skeletal muscle.

As a whole, all the genes were detected lugh level of
transcripts in liver of Fengjing pig and USP 14 gene
expressed higher than other genes in all tissues. Fengjing
pig is a well-know domestic breed for excellent meat
quality originating i the Fengjing town of Jinshan district
of Shanghai (Zhang et al., 2009). Duroc 1s a good foreign
breed with fast growing. Meat quality with fast growing
was the best breeding goal.

Tt was found that 4 genes were expressed in muscle
tissue in the 2 pig breeds and the expression was higher
i Fengjing than m the Duroc. The difference expressions
whether associated with the meat character or growing
speed in 2 breeds was a mteresting question which
required further related research to explanation.

CONCLUSION

There existed USP 14, 16, 38, 44 and 54 genes n
porcine sharing high sequence similarity with their human
homologues genes. All chromosomes assignments were
consistent with known chromosomal homologies between
human and pig. Tissue expression pattern showed that
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USP 14, 16, 38 and 54 gene expression were higher in
muscle tissue. All results provided a basis for further
function study of these 5 USP genes.
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