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ABSTRACT

Three tubulin genes of Trichoderma harzianum wéomexd followed genomic walking procedure. The tinsul
showed high degree of amino acid homology withrdilnegal tubulins and were homologous with eacteothith
32 to 38% amino acid identity. Three measuresHerdegree of codon usage bias indicated the presehbias in
all the sequences, suggesting high expressionslavelll the genes. Protein structures were modébegrovide the
basis for understanding the tubulin's propertiesl é@s interactions with microtubule-associated jgios. Potential
motifs were also postulated.
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INTRODUCTION dynamicsin vivo, non-nucleation functions of-
tubulin, and interactions of tubulins with kinesin,
Seven members of tubulin family have beerinotor proteins and microtubule associated
identified which include-, -, y-, 8-, &-, (-, andn-  Proteins. The antimicrotubule agents such as
tubulin. Genes foni-, B-, andy-tubulin are found medically import_ant cancer chemotherapy_ a_tgents
in all eukaryotes, the last and new four tubulins3S well as agriculturally important fungicides,
however, do not appear to have a ubiquitouéerbicides, and anthelmintic agents, are believed
distribution in eukaryotic organisms (Dutcher,© targef-tubulin. Binding sites and precise mode
2001). The genes that encoded, p-, and y- of action of these agents remain to be determined.
tubulin were identified first inA. nidulansand Tr!_(:hqdermg har2|anur'r'(teleomo_rph:Hypocrea
functions were characterized subsequermtlyand lixii) IS active as a hy_perpara_sne and has been
B-tubulin are related proteins, which form aExtensively tested in field stuides. It has been
heterodimer that is the major building block ofShOW.n to be an eﬁ(_act'lve t')l_o'control.agent, with
microtubules.y-tubulin is found at microtubule goodin V'tr(.) antagonlstlc ab"'“‘?s against arange
organizing centers (MTOC) such as the spindl f economically important aerial and son-t_)orne
poles or the centrosome, suggesting that it i ngal plant pathogens (Gao et' al., 2002). With the
involved in the minus-end nucleation of 9€Sire to implement the integrated control

- .._combining the biocontrol fungi with chemical
microtubule - assembly (Oakley, 2004). Beside Hggicides, the obtaining of high resistant mutants

progress on functions have been made, studies : . :
being initiated to explore other important things,W'th fithess and biocontrol advantages under field

e.g., the mechanisms of regulation of microtubule
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conditions is a threshold for the adoption of thesgvas obtained by splicing the fragments amplified
agents with traditional chemical fungicides. by PCR.

The aim of this work was to clore, B;- andy- A fragment ofy-tubulin gene was amplified first
tubulin gene ofT. harzianumand to model the by using primers 1 and R2, and afterwards an
dimensional structures as an initial step towardd®CR was conducted to isolate the remaining
the characterization of cytoskeletal proteins andgegions with a primer pair of B and R4

the realization of integrated control. according to the protocols usedfitubulin gene
amplification. Genomic DNA was digested with
restriction endonucleases

MATERIALSAND METHODS EccRl, Fbal, Hindlll, Kpnl, Pst, Sad and

, . , Sal respectively.
The isolateT. harzianumT88 was obtained from

) X e hree-dimensional models @f harzianunu-, B1-
the Northeast Forestry University and maintaine nd y-tubulin were built based on the crystal
28Itlﬁ)g§tgnde(;(tg?os?jei?r?)rseplrif(jhr;rhef?(;gaaggrW%%rucwres ofBos taurusa-tubulin (1JFFA), B.

b taurus p-tubulin (1LJFFB), andHomo sapiensy-

which mycelia were harvested. Genomic DNA, . . (1Z5VA) using the Swiss-Model

was isolated following the procedure described b)&utomated Comparative Protein Modeling Server

Sambrqok and Russell (20.(.)2)' . in the first approach mode. The resulting structure
a-tubul_m gene was amplified from the 9eNOMICvere viewed with SwissPdb Viewer version 3.7,
DNA directly by a degenerate primeaPand a ,ng files were exported to Photoshop 7.0. The
specific primer B2. Ral was designed based Onheoretical analysis was carried out to find protei
the conserved domains oftubulin genes from mgtifs whose consensus sequences were described

other fungi. B2 was designed based on @n using PredictProtein server. Emboss software was
tubulin gene EST sequence (GenBank accessi@mployed for codon usage analysis.

no. DY762585) ofT. harzianumT88 mycelium

cDNA library constructed in our laboratory.

A fragment ofB;-tubulin gene was amplified by RESULTS AND DISCUSSION

using a primer pair of ®R1 and B,2. The two

primers were designed based on the conserved 1997 pp fragment was cloned by PCR

domains of B,-tubulin genes from other fungi. amplification from the corresponding genomic

Inverse PCR (IPCR) method was applied to isolatgna with primers Ril and Bi2. The product was

the remaining 5°- and 3'-coding regions anthyamined, cloned, and sequenced on both the

adjacent flanking sequences. An amount of 1.5 Ugrands. Sequencing results of the amplicon

genomic DNA was digested with restriction .o 6-med that it contained 1868 bp ORF wf

endonucleases tubulin gene, with 534 bp 3 -nucleotide sequence

Fbal, Nhd, Sad. Ncd. Pst, Sadl. Spe corresponding to the previously isolated EST
- clone. Two fragments of 922 and 1030 bp were

Aaﬂl‘ Spf. Apd and de respec.tlvely. The obtained from genomic DNA with primers3f,

digested DNA was precipitated with 5 pl 3M P32 and R1, Py2, respectively. Subsequently,

NaAc (pH 5.2) and 125 pl absolute alcohol in primer pairs of B3, B34 and R3, P4 were

20°C for 2 h, cegtrifuged 15 min at 12000 rpM,gegigned based on the resulting sequences and
washed with 70% (v/v) ethanol, air-dried, andgmpioyed to IPCR to isolate the remaining 5 - and

dissolved in 10 pul distilled #D. Circularization by 3"-coding regions and adjacent flanking sequences
self-ligation was performed with 5 pl digested B~ and vytubulin. The IPCR reactions

DNA (750 ng) in the presence of T4 DNA ligaseg cceeded in the amplification of 2094 bp of a

(Takara, Japan), followed by precipitation Withmajor product fromApa-digested genomic DNA

NaAc and ethanol, and the final extracts werg P33 and B.4, and 2510 bp fronSal-
dissolved in 10 pl distilled . Subsequently, the igested genomic ’DNA with ¥8 and R4.

IPCR reaction was performed with a primer pair Oy eanwhile, reactions with other endonucleases-
PB.3 and .4, using the resultant circularized yeateq DNA produced no major product. A 2734

DNA ‘as template. The entire sequence fgf 15 fragment was obtained by splicing the cloned
tubulin gene coding region plus flanking regionsgso 5nd 2094 bp sequences, which included
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1764 bp ORF ofB;-tubulin gene, 819 bp of Aguadé, 1998). It may also correlate with gene
upstream region and 151 bp corresponding to thexpression levels in many organisms (Ghosh et al.,
downstream region. Simultaneously, a 3335 bp000). ForT. harzianuma-, B;-, and y-tubulin,
fragment was obtained by splicing the cloned 103Whether the NC index, ranging between 29.3 and
and 2510 bp sequences, which was identifie82.6, or the CAl, with values >0.72, being the two
including 1941 bp ORF of-tubulin gene. The list measures for the degree of codon usage bias,
of products information and nucleotide sequencegidicated the presence of bias in any of the
of primers used are shown in Table 1. Theequences. The frequency of purines in the third
nucleotide sequences of, ;- andy-tubulin have position in synonymous codons (GC3s) was
been submitted to GenBank under accession noalculated and resulted in values indicative oEbia
EF063142, EF027166 and EF027168 respectivelyin any of the sequences, suggesting high
a- andp;-tubulin are related proteins with 449 andexpression levels in all the gengstubulin gene
445 amino acid (a.a.) and about the same mass wés predicted with slightly lower expression levels
50.1 and 495 kD. The two proteins arethana- andf;-tubulin gene. Experiments usiing
homologous but not identical with 38% a.a.vitro translated monomerigtubulin showed that a
identity. In consequence, they were proposed tgingley-tubulin subunit was sufficient to nucleate
constitute two highly conserved families of microtubules (Leguy et al., 2000). Although the
proteins within the tubulin superfamily (Oakley, analysis of codon usage data based on the
2000).y-tubulin gene encodes a protein of 462 a.asequence information of individual genes has been
with a theoretical molecular mass of 51.7 kDaghown to be a suitable indirect indicator of gene
exhibiting 32 and 34% a.a. identity with andf:-  expression levels in many organisms, the real
tubulin, respectively (Fig 1). Sinca- and ;- levels need eventually to be confirmed by direct
tubulin share more similarity with each other tharassessment methods.

with y-tubulin, it is likely that the original tubulin As a key feature of tubulins, GTP-binding sites are
split into y-tubulin and an ancestor of- and - conserved ifT. harzianunu-, B;1-, andy-tubulin at
tubulin, which, in turn, split again to form tlee  residues from 140 or 142. Its consensus pattern
tubulin and B-tubulin families (Oakley, 2000). was almost identical to the GTP-binding site of
Simultaneously, B;-tubulin displayed 88% a.a. bacterial protein ftsZ whose role in prokaryotes
identity with another beta tubulin @f. harzianum was probably similar to that of tubulins. Similarly
characterized as reported previously (Li and Yand\-glycosylation site and glycosaminoglycan
2007). In additiong-, B-, andy-tubulin are also attachment site were found in all the subunits that
recognized as highly conserved proteins amonglso had protein kinase C phosphorylation site,
species.T. harzianuma- and B-tubulin amino casein kinase Il phosphorylation site and N-
acid sequences were found with similarities of ggnyristoylation site. However, except fop;-

and 86% with the corresponding sequences dfibulin, a- and y-tubulin each conserved one
Neurospora crassa while y-tubulin appeared amidation site. In addition, tyrosine kinase
slightly more divergent with a similarity of 80% phosphorylation site and cell attachment sequence,
with N. Crassay_tubu”n_ o- and y_tubu”n gene i.e. the RDG trlpeptlde sequence were identified in
have six introns an@,-tubulin gene has four, all o-tubulin, and two cAMP and cGMP
of which contain consensus splicing junctiongohosphorylation sites (KRIS) were presentyin
adhering to the GT-AG rule. The intron positionstubulin. The typical consensus pattern pf
were inferred from comparison with other genesubunits, MREI, was found as the first tetrapeptide
and the consensus sequences but were not verifigd B;-tubulin  aminoterminal, which has been
by the cDNA sequence. thought sufficient to confer tubulin-dependent
Codon usage bias is known to be highly variabl@utoregulation on thymidine kinase mRNA
among the genes for a given species (Comeron afidachurski et al., 1994).
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Figure 1 - Multiple sequence alignment ®f harzianuno-, -, andy-tubulin.

Figure 2 - Ribbon models of. harzianunu-, B;-, andy-tubulin.
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Table 1 - Products information and nucleotide sequencesiofers used in amplification

Primer Nucleotide sequence Position Product le(igtin
Pal 5-ATGMGHGARGTCATYAGYWTSAA-3" 1
Pa2 5"-AACTGAGGCTTGCGACCTA-3’ 1979 1997
PB11 5-TCGTYCGTCGCGAGGCTGAGAA-3’ 782
PB12 5 -TGGTAYTGYTGGTAYTCGGARACRAG-3’ 1678 922
PB.3 5-TGGTACACTAGCGAGGGTATGG-3’ 1615
PB4 5 -TAAGGCTCGACAACGGTATCC-3' 954 2094
Pyl 5-TTTGCGACMGARGGCGG-3’ 344
Py2 5"-ACCATSCGRTTCTTVGGCTG-3’ 1354 1030
Py3 5"-ACCGGTGACCAAGTTGAGCAG-3’ 1282
Py4 5"-AGGCAGCAGGGCAAACATACTC-3’ 441 2510

The analysis of tertiary structures Bf harzianum in the T. harzianumB;-tubulin need eventually to
a-, B1-, andy-tubulin showed that there was a highbe confirmed by site-directed mutagenesis.
degree of resemblance among these proteins (Figie predicted secondary and tertiary structures of
2). Each monomer was formed by two interacting. harzianumtubulins might provide a basis for
beta sheets surrounded by alpha helicesinderstanding the tubulin's properties and
Divergently, a- and Bs-tubulin monomers were interactions with antimicrotubule agents, but the
identical with 10p-strands, whiley-tubulin had limitations of computational prediction methods
one morep-strand thana- and By-tubulin. The also would need to be resolved further.

structures ofu- and p;-tubulin are very compact,
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