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Gene cloning and characterization of pearl oyster Pinctada fucata o-tubulin
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Abstract

We have isolated a full-length Pinctada fucata a-tubulin gene that is one of the genes obtained in the process of
selecting the BMP (Bone Morphogenetic Protein) type II receptor gene. The 1678 base pair (bp) length of
a-tubulin cDNA encodes 451 amino acids and the calculated mass is 42 kDa. The gene belongs to one of the
Pinctada fucata o-tubulin family and was designated o-tubulin 2. The amino acid sequence of Pinctada fucata
a-tubulin 2 contains the GGGTGSG domain that is a Guanosine triphosphate (GTP) nucleotide-binding site required
for a-/B-tubulin polymerization, and also contains putative posttranslational modification sites that are the
phosphorylation residues at arginine (R) 79 and lysine (K) 336, and an acetylation residue at lysine (K) 40.
Phylogenetic analysis revealed that bivalvia Pinctada fucata a-tubulin 2 is closer to a gastropoda (/lyanassa
obsoleta, Patella vulgata) o-tubulin than that of a bivalvia (Scrobicularia plana, Crassostrea gigas, Mytilus
galloprovincialis). RT-PCR analysis showed that o-tubulin 2 messenger RNA was expressed in mantle edge, gill,
adductor muscle and liver but not in mantle pallial or foot. It is expected that other members of the a-tubulin family
are expressed in mantle pallial and foot.
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1. Introduction

The microtubule cytoskeleton function has essential roles in eukaryotic cell homeostasis as the most important
compontents of the mitotic spindle and the interphase network that contribute to a cellular structure formation V. All
microtubules are assembled from tubulin heterodimers composed of monomers of a-tubulin and B-tubulin, and have
organelle-specific properties and functions. During mitosis, mitotic spindles are essential for chromosome
segregation and congression through the cycles of polymerization-depolymerization of microtubules termed
dynamic instability of MTs (Microtubules) . In the interphase network, microtubules take part in a large number of
various cellular phenomena including cell division, cellular morphogenesis, intracellular rearrangements, cell
differentiation, and vesicle transport. Furthermore, they participate even in signal transduction.

Tubulin heterodimers undergo cycles of phenomenon of polymerization-depolymerization that is the process by
which microtubule polymers alternate between elongation and shortening . The dynamic instability is strictly
regulated during the cell cycle!” and requires an energy source that depends on hydrolysis of GTP to GDP . Two
molecules of GTP bind to two sites termed N and E. The GTP on the N site of a-tubulin, that is located between the
two monomers, does not hydrolyze. On the other hand, the GTP on the E site of B-tubulin, that is exposed to the
surface, is hydrolyzed to GDP. Under the GTP-bound stable form, a microtubule maintains polymerized form. But
conversely, the form of GDP-tubulin is tended to depolymerization ®.

It is still not clear enough that how various microtubule structures with organelle-specific properties and
functions are formed. The many results obtained from various experiments suggest a hypothesis that
post-translational modifications (PTMs) of tubulin attribute to generate functional diversity of microtubules.
Expression of different tubulin isotypes and PTMs such as detyrosination, acetylation, polyglutamylation
(Glu-tubulin) and polyglycylation generates distinct microtubule subtypes 2.

In the current study, we have cloned the complete a-tubulin cDNA that belongs to a-tubulin family of Pinctada
fucata and characterized by comparing the amino acid sequences of the various o-tubulin genes, and also performed
phylogenetic analysis in order to clarify the systematic and evolutionary position.
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2. Materials and methods

2.1 cDNA cloning of o-tubulin

The a-tubulin gene is one of the genes that was taken in the process of isolating the Pinctada fucata BMP type 11
receptor gene. The procedure is as follows:
Total RNA was extracted from the mantle with Micro-to-Midi Total RNA Purification system (Invitrogen) according
to the instruction manual. To obtain the first strand cDNA, a reverse transcription was performed using a standard
Oligo dT-3sites Adaptor Primer [5 -poly(dT)-CTGATCTAGAGGTACCGGATCC-3'(TAKARA BIO INC)].
Subsequently 3'-RACE-PCR was performed using the adaptor primer that has 3 restriction sites as the reverse
primer [5"-CTGATCTAGAGGTACCGGATCC -3'(TAKARA BIO INC)] and a specific degenerated primer as the
forward primer. A degenerated primer ATGCGGCCGCGT(T/C/A/G) GG(T/C/A/G) AC(T/C/A/G) CT(T/C/A/G)
CG(T/C/A/G) TA(T/C) ATG was designed based on the highly conserved sequences VGTLRYM of Crassostrea
gigas BMP-IIR. The sequence ATGCGGCCGC is the linker sequence containing the recognition sequence of Notl.
The amplification reaction conditions were as follows: 5 rounds of 10 s at 98°C, 1 min at 44°C, and 1 min at 72°C;
followed by 30 rounds of 10 s at 98°C, 1 min at 55°C, and 1 min at 72°C. Amplified DNA was cloned into the
Notl-Xbal site of pBluescript II SK(+). After transformation, plasmids that contained the expected size (about 110
bp) of the insert DNA were selected, and then the nucleotide sequence of the insert was determined. Although the
deduced amino acids sequence was not equivalent to that of the BMP type Il receptor, a homology search showed
that the amino acids sequence has an extensive identity with human and rat o-tubulin. Therefore, the PCR amplifed
cDNA is the gene of the Pinctada fucata o -tubulin, although incomplete (GenBank accession No. AB575964). The
incomplete a-tubulin cDNA was designated o-tubulin 1. To obtaine the complete cDNA, we have screened
the cDNA library using the PCR amplified incomplete a-tubulinl ¢cDNA as the probe. Screening cDNA library
was performed as described previously *¥.

2.2 DNA sequencing
Sequencing was performed by the dideoxynucleotide chain termination method using an ABI 377 automated DNA
sequencer (Applied Biosystems, Foster City, CA).

2.3 Phylogenetic analysis

Multiple sequence alignments were generated using the site ClustalW
(http://clustalw.ddbj.nig.ac.jp/index.php?lang=ja) "¥. The generated alignments were subjected to phylogenetic
analysis by using the neighbor-joining (NJ) method ¥ with 1000 replicate runs of bootstrap values followed by
visualized with the program Treeview 1.6.6 .

2. 4 Gene expression analysis by RT-PCR

Tissue expression patterns of the o-tubulin 2 mRNA were examined by RT-PCR. Total RNA isolation from
various tissues (mantle edge, mantle pallial, liver, foot, gill, and adductor muscle) and the cDNA synthesis by
reverse transcriptase were the same as those described above. The generated cDNA was used as the template for
PCR. The following primer pairs were used for PCR amplification of the a-tubulin and the B-actin gene fragments:
Forward primer of the a-tubulin, 5-CAGATGGGCAATGCATGCTGGGAG-3";Reverse primer of the a-tubulin,
5-CGAAAGAGCTAAATCCGTATCCGT-3";Forward primer of the B-actin,
5°-TgTAYgCCTCTggYCgYACC-3";Reverse primer of the B-actin, 5’-CVACRTCRCACTTCATgATgS-3". Primers
for the B-actin are described in Suzuki et al. '”. The amplification reaction conditions were as follows: initial
denaturation at 94°C for 3 min; followed by 30 rounds of 30 s at 94°C, 30 s at 50°C, and 1 min at 72°C.

3. Results and discussion
3.1 DNA cloning and sequence
To isolate the Pinctada fucata BMP typell receptor gene, we performed PCR ampification described in
Materials and methods. In this experiment, we have isolated the incomplete a-tubulin gene (GenBank accession
No.AB575964). To isolate the complete a-tubulin gene, we have screened the cDNA library using the incomplete
a-tubulin cDNA as the probe.



About 5 x 10° recombinant phages of ¢cDNA library were screened. Hybridization and detection were performed
as described in Materials and methods. Positive clones were visualized with a BCIP/NBT reagent in accordance with
the manufacturer's instructions (Boehringer Mannheim Germany). Three clones producing strong signals were
isolated. These cDNA inserts were subcloned into the pBluescript sequencing vector. Sequence analysis reveals that
one of the inserts has the proper open reading frame and poly (A) tail. The open reading frame of the cDNA starts at
nucleotide 96 (ATG) and extends to the stop codon (TAA) at 1450 (Fig. 1). The cDNA is 1678 base pairs long and
encodes 451 amino acids that have extensive homology with various a-tubulins (Fig. 2). The calculated mass is 50
kDa. A putative polyadenylation signal TAATTT is present at the 1544th nucleotide. Concerning this signal, human
sequence is consulted. Although most typical polyadenylation signal is TTATTT in human genes, TAATTT is an
allowed variant of this sequence ‘. Therefore, we concluded that the sequence TAATTT is a variant of
polyadenylation signal.

Pairwise Sequence Alignment suggested that few differences exist between the sequence of the probe cDNA
(a-tubulin 1) and 1678 bp ¢cDNA, sugesting that these two o-tubulins are a family. Therefore, the o-tubulin
gene which has been isolated newly was designated o-tubulin 2. We found the GGGTGSG domain that is a GTP
nucleotide-binding site required for a-/B-tubulins polymerization *”. Moreover posttranslational modification sites
were also found. These are the putative phosphorylation residues at R79 and K336, and an acetylation residue at
K40.
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Fig. 1. Nucleotide and deduced amino acid sequences of Pinctada fucata a-tubulin 2. A number of nucleotide and
amino acid positions are indicated in the right margin. The stop codon is marked with star. Polyadenylation signal
TAATTT is indicated as gray box shading. The thick line box represents the guanosine triphosphate nucleotide
binding site (GGGTGSG). The thin line box represents the MRECI sequence. Putative phosphorylation residues
(R79 and K336) and putative acetylated residue K40 are indicated by a thin dashed line box. Genebank accession
number:AB764096.
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3.2 The multiple sequence alignment of Pinctada fucata a-tubulin 2 with different kinds of homologs and
functional domain.

We assessed the amino acid multiple sequence alignment of Pinctada fucata a-tubulin 2 gene obtained this time
against the known other animal species a-tubulin gene products and its homologs (Fig. 2). The Pinctada fucata
a-tubulin 2 showed about 85%, 95%, 96%. 96%, and 80% identity to those of Homo sapiens, gastropoda Ilyanassa
obsoleta, bivalvia Crassostrea gigas, gastropoda Patella vulgata, and Xenopus laevisalpha, respectively. As
described in the previous chapter, we found the GGGTGSG domain, and various posttranslational modification sites
were also found. These are identical to all of them of the a-tubulin 2 except an acetylation residue at K40 as
shown in Fig. 1 (Fig. 2).
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Fig. 2. Multiple amino acid sequence alignment of a-tubulin. An analysis of sequence alignment of a-tubulin of
different  vertebrate and invertebrate species was performed using Multiple Align  Show
(http://www.bioinformatics.org/sms/multi_align.html). Identical amino acids are indicated by lighest blue shading.
Similar amino acids are indicated by light gray shading. A number of amino acid positions are indicated in the right
margin. Functional domain and putative posttranslational modification sites are shown completely similarly to Fig. 1.
Abbreviations are as follows: Homo sapiens, H. sapiens; Pinctada fucata, P. fucata; Mus musculus, M. musculus;
Octopus dofleini, O. dofleini; Xenopus laevis, X. laevis; Ilyanassa obsolete, 1. obsolete; Aplysia californica, A.
californica; Petella vulgata, P vulgata; Crassostrea gigas, C. gigas.



It is well known that the synthesis of a- and B-tubulin is autoregulated by a posttranscriptional mechanism. That is,
a fundamental quantity of these proteins are automatically adjusted according to the unassembled tubulin subunit
concentration via selectively altering a- and pB-tubulin mRNA levels by degradation ®”. In the B-tubulin case, the
amino-terminal tetrapeptide MR(E/D)I takes part in autoregulated post-transcriptional mechanisms *". Previous
report showed that the amino-terminal tetrapeptide MR(E/D)I specifies cotranslational degradation of B-tubulin
mRNA but not that of a-tubulin mRNA @?. Therefore, although a-tubulin of various species have almost the same
amino acids sequence MRECI at the aminoterminal region (Fig. 2), this sequence does not take part in the regulation
of a-tubulin mRNA degradation.

3.3 Phylogenetic analysis
In order to clarify the systematic and evolutionary position of Pinctada fucata o-tubulin 2, we have constructed
a phylogenetic tree. The amino acid sequences of the a-tubulin were aligned using the CLUSTALW, and a
phylogenetic tree was constructed using Treeview as described in Materials and methods. The result is shown in Fig.
3.
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Fig. 3. Phylogenetic tree constructed by the NJ Method based on the amino-acid sequences. Numbers at the tree
nodes indicate the bootstrap values from 1,000 replicates. All of these sequences used to make multiple sequence
alignments were obtained from the EMBL/GenBank data bases. Genebank accession numbers are as follows:
Scrobicularia plana alpha tubulin, JF274234; Ilyanassa obsoleta alpha tubulin-like protein, EU087595; Lehmannia
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valentiana alpha-tubulin, partial, AB099707; Sepia officinalis alpha-tubulin, HE687194; Chicken testis-specific
alpha-tubulin, M16030; Seriatopora hystrix alpha-tubulin, HM147129; Paramecium caudatum alpha-tubulin,
ABO035413; Crassostrea gigas alpha-tubulin, AB196533; Homo sapiens alpha la tubulin, NM 006009; Mus
musculus alpha 1A tubulin, NM_011653; Xenopus laevis alpha la tubulin, NM_001091468; Aplysia californica
alpha tubulin 1, AF481055; Octopus dofleini alpha-tubulin, L10110; P.vulgata alpha tubulin 2, X79468; Mytilus
galloprovincialis alpha-tubulin, partial, HM537081; P. vulgata alpha tubulin 4, X77618; Drosophila melanogaster
alpha-1 tubulin; M14643. Branch length indicates evolutionary distance and the scale bar represents an evolutionary
distance of 0.1 amino acid substitution per protein.

In this Phylogenetic tree, bivalve Pinctada fucata o-tubulin 2 and gastropoda llyanassa obsoleta a-tubulin split
from the same node, suggesting that these a-tubulin belong to the same clade. As well, two gastropoda Patella
vulgata o-tubulins split from the same node and have the same root as that of Pinctada fucata and Ilyanassa
obsoleta. Therfore these four a-tubulins have a common ancestor. The a-tubulin of other mollusk bivalves
Scrobicularia plana, Crassostrea gigas, and Mytilus galloprovincialis belong to another clade different from that of
the Pinctada fucata. These results suggested that bivalvia Pinctada fucata a-tubulin 2 is closer to a gastropoda snail
o-tubulin than that of a bivalvia. Furthermore, the phylogenetic tree produced by the UPGMA method using the site
(http://www.ebi.ac.uk/Tools/msa/clustalw2/) was also the same result, and was close to a gastropoda snail a-tubulin
than that of bivalvia. These results were unexpected although the reason is unknown. The elucidation of the
evolutionary relationship of a gastropoda snail a-tubulin and a bivalvia a-tubulin is a future subject.

3. 4 Expression of a-tubulin 2 gene

The a-tubulin 2 is transcribed actively in mantle edge, gill, and adductor muscle. The expression was also
observed in the liver at a low level. On the other hand, almost no expression of the mRNA was observed in mantle
pallial and foot (Fig. 4). The a-tubulin gene unexpressed in certain tissues is generally to be observed. In such a case,
other members of the o-tubulin family are expressed ***. Therefore, it is expected that other members of the
a-tubulin family of Pinctada fucata are expressed in mantle pallial and foot. Such a phenomenon is known well.

1 2 3 4 5 6

Fig. 4. RT-PCR analysis of the transcripts. (a) P. fucata o-tubulin 2 gene. (b) B-actin gene. lane 1, mantle edge; lane
2, mantle pallial; lane 3, liver; lane 4, foot; lane 5, gill; lane 6, adductor muscle. The housekeeping gene [-actin was
included as a positive control.
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