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Molecular amplification and sequencing of genomic DNA
that encodes camd polyubiquitin (PUBC1) was performed
by a polymerase chain reaction (PCR) using various sets of
primers. The amplification generated a number of DNA
fragments, which were sequenced and compared with the
polyubiquitin coding sequences of various species. One
DNA fragment that conformed to 325 bp was found to be
95 and 88% homologous to the sequences of human
polyubiquitin B and C, respectively. The DNA trandated
into 108 amino acids that corresponded to two fused units
of ubiquitin with no intervening sequence, which indicates
that it isa polyubiquitin and contains at least two units of
ubiquitin. Although, variations were found in the
nuclectide sequence when compared to those of other
pecies, the amino acid sequence was 100% homologousto
the polyubiquitin sequences of humans, mice, and rats.
This is the firg report of the polyubiquitin DNA coding
sequence and its corresponding amino acid sequence from
cames, amplified using direct genomic DNA preparations.
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Introduction

Ubiquitin is a 76-amino acid highly-conserved protein that
appears to be present in al eukaryotes (Hershko and
Ciechanover, 1986; Jentsch et al., 1991; Nenoi et al., 1994). It
is both a cytoplasmic and nuclear protein, encoded by a
multigene family. Functionad ubiquitin is produced from two
different types of ubiquitin genes, named polyubiquitin and
ubiquitin extension genes (Schlesinger and Bond, 1987; Cadlis
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and Vierstra, 1989). The polyubiquitin genes contain tandem
head-to-tail repeats of 228 bp, encoding the ubiquitin protein.
These genes normally have no introns in the coding region
and end with a smal extension of several amino acids
between the last ubiquitin unit and stop codon. They aso
containin their 5' prime region a heat-shock promoter element
(Bond and Schlesinger, 1985). The ubiquitin extension genes
contain a single ubiquitin repeset that is followed in frame by
sequences encoding one of two ribosomal proteins.

Ubiquitin is functiondly a very important protein. It has a
fundamental role in mediating intracdlular ATP-dependent
protein degradation by 26S proteasome (Hershko, 1991;
Rechgteiner, 1991; Varshavsky, 1992; Hochstrasser, 1996;
Viestra, 1996; Cdlis, 1997). In animas and fungi, the ubiquitin
pathway is involved in response to biotic and abiotic stresses,
DNA repair, gene regulation, cdl cycle regulation, signa
transduction, and cell recognition (reviewed by Ciechanover
and Schwartz, 1994; Wilkinson, 1994). It has dso been
proposed that ubiquitin conjugation plays an essentid role in
spermatogenesis (Mezquita et al., 1997). Ubiquitin is aso
found in neurdfibrillary tanglesthat are typicd of the Alzheimer
syndrome (Mori et al., 1987; Perry et al., 1987).

The conservation of ubiquitin throughout the phylogenetic
tree is remarkable. Its amino acid sequence is identical, from
arthropod to mammds, and is 96% similar with that of yeast,
Dictyostelium disscodeum, protozoa, and plants. Presently, it
is known as one of the most conserved proteins. The
individua unit (within a number of poly-ubiquitin genes) is
significantly more similar to each other than would be
expected if each unit evolved independently (Perelygin et al.,
2002). Although the ubiquitin protein sequence is highly
conserved, the nucleotide sequences are quite divergent in
different organisms. In contrast to the coding regions, the 5
and 3' non-coding sequences of some members of the gene
family are entirdly different from one another (Xia and
Mahon, 1998). In this study, the molecular amplification and
sequencing of genomic DNA, encoding a polyubiquitin gene
(PUBC1) from camels, was performed by polymerase chain
reaction (PCR) using various sets of primers.
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Table 1. Set of primers

Set Forward primer Backward primer
1 5'-ctg acc agc aga ggy tga tct t-3 5'-gtc ttg cca gtg agt gtc ttc a3’
2 5'-tga aga ccc tgt ctg gta aga c-3' 5'-tgg act ctt tct gga tgt tgt ag-
3 5'-aag atg gac gca ccc tgt ctg act aca aca t-3' 5'-ctt cct tat ctt gga tct ttg cct tga cat t-3'
4 5'-cct gtc tga cta caa cat cca gaa aga gtc gac-3' 5'-atc ttc cag ctg ttt ccc age asa gat caa cct-3'

Materials and Methods

DNA was extracted from came blood with standard procedures
that utilized proteinase K-phenol-chloroform extraction. The
primers were designed on the basis of the sequence data for human
polyubiquitin C (Wiborg et al., 1985). A polymerase chain reaction
(PCR) was performed using PuRe Tag Ready-To-Go PCR Beads
(Amersham, Biosciences, Piscataway, USA) with different primers
sets (Table 1).

Asatemplate, 200-300 ng of camel genomic DNA wasused in a
25 ul reaction. Genomic DNA was amplified for 40 cycles. Each
cycle consisted of 94°C for 30’ s, 52°C for 30 s, and 72°C for 1 min.

The obtained PCR products were separated by electrophoresis on
a 1.5% agarose gel in a TrisActatle-EDTA (TAE) buffer and
visualized by ethidium bromide fluorescence. Fragments with the
expected size were cut from the gel, then purified using a GFX
PCR DNA Gel band purification kit (Amersham, Bioscience).

The purified DNA segments were sequenced using both forward
and backward primers. Subsequently, the results were analyzed and
compared with the sequences of the polyubiquitin genesin humans,
rats, and mice using blast-2 software (NCBI). The DNA sequence
was a so trandated into an amino acid sequence and compared with
that of polyubiquitin from humans, rats, and mice. Homology was
then determined.

Results and Discussion

Genomic DNA was amplified by PCR to yield the camd
polyubiquitin  nucleotide sequence. The amplification
generated various DNA fragments (Fig. 1), which were then
sequenced. One of these fragments yielded 325 bp nucleotide.
The sequence data showed that it is a polyubiquitin since it
contains more than one unit of ubiquitin (228 bp). However,
the number of units of ubiquitin that are present in this
polyubiquitin  of camel could not be determined. A
comparison of the camel PUBCI nucleotide sequence with its
counterparts of polyubiquitin from humans, mice, and rats
(located at various chromosomes) indicated a high sequence
homology. The nucleotide sequence was found to be 95 and
88% similar to human ubiquitin B and C, which are located at
chromosomes 17 and 12, respectively. Homology was also
noticed with UBBP1 and UBBP4 human pseudogenes,
located a chromosomes 2 and 17 (Baker and Board, 1987;
Cowland et al., 1988). It was 94% homologous to the mouse
ubiquitin B (UBB) gene that is located at chromosome 11, as
well as to the polyubiquitin 10 of rats. It was 88% similar to
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Fig. 1. Amplification of came polyubiquitin (PUBC1) from
genomic DNA. Lane 1 shows DNA size marker, 100 bp ladder.
Lane 2 shows the amplified DNA fragment using primers set 1.
Lane 3 shows the amplified DNA fragment using primers set 2.
Lane 4 shows the amplified DNA fragment using primers set 3.
Lane 5 shows the amplified DNA fragment using primers set 4.
Lane following each number shows the respective negative
contral.

the polyubiquitin from mice that are located at chromosome 5.
Moreover, it was aso 89% homologous to putative
polyubiquitin (UBQ10) of Arabidopsis thaliana (Callis et al.,
1995).

Figure 2 shows some nucleotide differences between camel
PUBC1 and polyubiquitin B of humans and mice. The camel
PUBC1 nucleotide was trandated into 108 amino acids (Fig.
3), which corresponded to two incomplete units of ubiquitin
protein. This indicates that PUBC1 contains at least two units
of ubiquitin, which are present in the came genome. The
repest number of ubiquitin coding units in the polyubiquitin
genes varies between species, ranging from 3 units in humans
and chickens to about 30 units in Trypanosoma brucei (Baker
and Board, 1987; Wong and Campbell, 1989; Mezquita and
Mezquita, 1991).

However, the amino acid sequence was 100% homologous
to the polyubiquitin sequence of humans, mice, and rats. A
comparison of the amino acid sequence of PUBC1 with those
of other speciesindicated that it was well conserved in various
gpecies. Mammalian genomes, including that of humans,
reportedly contain an ubiquitin multigene family with varied
DNA sequence organization. Some of the genesin this family
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Fig. 2. Comparison of genomic nucleotide sequence of camel polybiquitin (PUBC1) with mouse and human ubiquitin B (UBB).

Human: MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQ
Camel : DQQ
Human: RLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGMQIFV
Camel : RLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGMQIFV
Human: KTLTGKTITLEVEPSDTEINVKAKIQDKEGIPPDQQRLIF
Camel : KTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIF
Human: AGKQLEDGRTLSDYNIQKESTLHLVLRLRGG

Camel : AGKQLEDGRTLSDYNIQKESTLHLV

Fig. 3. Comparison of amino acids sequences of camel
polybiquitin (PUBC1) with 2 units of human ubiquitin B.

encode for polyubiquitin that contains three, four, or nine
repests of ubiquitin, while others encode for only one
ubiquitin sequence (Wiborg et al., 1985). In present study, two
incomplete units of ubiquitin were amplified from the camel
genomic DNA using specific primers. However, these two
repests were not separated by sequence but were immediately
adjacent to one another, as expected in a polyubiquitin gene
sequence.

In spite of severa differencesin the nucleotide sequences of
the camel PUBC1 and ubiquitin B of humans and mice (Fig.
2), the deduced amino acid sequence was found to be fully

conserved and 100% similar to that of the polyubiquitin
sequence of various species. Similarly, Okubo et al. (2002)
reported that in rainbow trout, although the DNA sequence is
not conserved, the encoded amino acid sequence is fully
conserved. The complete conservation of the amino acid
sequence of ubiquitin, which was observed in the functional
genes that have been sequenced, is in accordance with the fact
that ubiquitin is completely conserved through evolution.

In this study, genomic DNA was used to amplify ubiquitin,
though most of the previous studies were based on cDNA.
This is the first report on the ubiquitin gene from camels. It
indicatesthat it is a polyubiquitin gene, since at least two units
of ubiquitin are present in the camel genome.
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