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Molecular characterization of tubulin genes of the pacific oyster
Crassostrea gigas

Hiroshi Miyamoto,"” Jun Kohno' and Kiyotaka Kajihara'

Abstract

We have isolated two cDNAs encoding « - and f3 -tubulin from mollusc Crassostrea gigs. Both of
the conceptual proteins exhibit significant sequence similarity to & - and S -tubulins in metazoan
respectively. In contrast to overall conservation of the sequences, amino acid substitutions are largely
clustered at the carboxyl terminus, which is most similar to that of mollusc Patella vulgata. Sequence
identity betweena and S is 40%, which suggests that the « and S tubulin genes have diverged
before the separation of the mollusc line.

1. Introduction

Microtubules are not randomly distributed in cells but exist as highly ordered arrays and involved in
a number of cellular functions including flagellar motility, chromosome segregation, mitosis and
intracellular transport (. Tubulin, the subunit of microtubules, is a heterodimer of two polypeptides,
designated « and S which are the most abundant in the eukaryotic cell and have been studied most
extensively ®. The a f subunit assembles with tissue-specific microtubule-associated proteins
(MAPs) to form microtubules . Thus, functional specialization reflects in the structures composed
of a- and B -tubulins and MAPs. Studies of tubulin proteins and genes from a wide variety of
species indicate that the primary structure of tubulin is highly conserved among species. Each tubulin
subunit contains a single binding site for GTP and its hydrolysis on S -tubulin is associated with
tubulin polymerization and appears to play an important role in regulating microtubule assembly .
These sites for GTP binding are found in regions of high similarity between « - and S - tubulin and
have been conserved throughout evolution. The carboxyl-terminal region of both ¢ - and {3 - tubulin

@59 suggesting that tubulin-genes encode functionally

varies among different tubulin gene products
distinct protein isotypes in most eukaryotes. In addition to heterogeneity of tubulin genes, tubulin
proteins undergo a number of post-translational modifications that include tyrosination, acetylation of
o -tubulin, phosphorylation of § -tubulin, and glutamination of both o and 8 .

Sequence analyses of tubulin genes have been done in animals, plants, fungi and protists . These
analyses enable estimation of the evolutionary process of tubulin genes and phylogenesis in
eukaryotes. In vertebrates, tubulin genes are reported in many species including human, rat, chicken,
Xenopus, and mouse, in which the most extensive data are obtained. In invertebrates, Drosophila is
best studied on the structure and function of tubulins ® %, and in addition, echinoderm has been one

of the useful system in pursuing the behavior of tubulin in the process of early cleavage %,
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Mollusca, the second animal phylum after Arthropoda, contains over 50,000 described living species and

70,000 known fossils, of which size ranges from microscopic bivalves to giant clams that reach 1 m in length, to

giant squids reaching 20 m in overall length. In this work, we report the cloning and sequencing of & - and 3 -

tubulin genes from the bivalve pacific oyster, Crassostrea gigas. The both tubulin genes are very similar to other

counterpart of tubulins in animals, indicating that «- and f -tubulin genes was duplicated prior to at least

bivalve evolution.
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AGTTTGAATTTGTGCGAGACGCGTTACACATCTCAGTGCAAAGTCCATATTTATCCGTCACCTTCTTCCAAGGATTTAARAAAGAAATTC
TGTCAGAATGCGTGAGTGTATATCTATTCATGTTGGACAAGCTGGTGTCCAGATTGGAAATGCCTGCTGGGAGCTGTACTGCTTGGAGCA
M R E CI $ I HV G QA GV QI GNACWETLTYTCTULEH
CGGCATTCAGCCAGATGGGCAGATGCCAAGTGACAAGACAATTGGAGGGGGAGATGATTCATTCAACACCTTTTTCAGTGAAACTGGTGC
G I Q PDGQM®PSDXKTTIGSGSGDUDSFNTT FTF S ET G A
TGGCAAGCATGTACCAAGGGCTGTATTTGTAGACCTGGAGCCCACAGTTGTTGATGAGGTGCGCACAGGGACGTACCGCCAACTTTTCCA
G K H vV PRAV FVDILEU®PTV VD EVRTGT Y R Q L F H
TCCAGAACAGCTGATAACTGGAAAAGAGGATGCTGCCAACAACTATGCAAGAGGTCACTACACCATTGGAAAGGAAATTGTGGACTTGGT
P E QL I T G KEDA AA ANDNNYA ARG GHY T I G KE I VDLV
TTTGGATCGCATCAGAAAATTGGCTGACCAATGCACTGGTCTTCAAGGGTTCCTGATTTTTCACAGCTTTGGAGGAGGAACTGGTTCTGG
L DR I RZXLADIOTCTGTULQGF L I F HSFGGS G TG S G
ATTTGCCTCCCTTCTGACGGAGAGACTGTCTGTTGATTATGGARAGAAGTCCAAGCTTGAATTTGCCATTTACCCTGCTCCTCAGGTATC
F A § L L TE R L S V DY G KK S KL EF A I Y P A P Q V S
TACAGCAGTAGTTGAGCCATACAATTCCATCCTTACCACACACACTACTCTGGAGCATTCCGACTGTGCCTTCATGGTTGACAATGAGGC
T AV V E P Y N S I L T TH TTL EH S DU CA AT FMUV DNE A
TATCTATGATATTTGCCGAAGGAACCTGGACATTGAGAGGCCAACATACACCAACTTGAACCGCCTGATTGGTCAGATTGTTAGTTCAAT
I Y DICR®RINTILTDTITET RTPTTYTNTILINTRTILTIG Q I v 8§ 8 I
CACAGCCTCCCTTCGATTTGATGGAGCCTTGAGTGTGGACCTGACAGAGTTCCAGACAAATCTTGTACCTTACCCACGTATCCACTTTCC
T A S L R F D GAUL S VDL TUEUFQQTNILV P Y P R I HF P
ATTGGTGACCTACGCTCCTGTCATCTCTGCAGAGAAGGCCTACCATGAACAGCTGTCAGTAGCGGAAATTACCAATGCGTGCTTTGAACC
L v Ty aAapPp VI S A EKAYHE QLS VAETITNA BATCT FE P
AGCAAATCAAATGGTGAAATGTGATCCCAGACATGGCAAGTACATGGCTTGTTGCATGCTGTACAGAGGGGATGTTGTACCTAAGGATGT
A NOMV K CDPURHGI KYMACCMULYRG DV V P K DV
CAATGCTGCCATTGCCACCATCAAGACAAAGAGAACCATTCAGTTTGTGGATTGGTGTCCTACTGGTTTCAAAGATGGCATCAACTACCA
N A A I A TTI XK T XK RTTIQFVDWCU?PTGFE KDGTINYQ
GCCACCAACTGTTGTTCCTGGAGGTGACCTTGCCAAGGTACAGAGAGCTGTCTGCATGTTGAGTAACACCACTGCCATTGCTGAGGCCTG
P P TV V P G GDL AU KV QRAVCMULSNTTATIA AEA AW
GGCTCGTCTGGATCACAAGTTTGACCTGATGTATGCCAAGCGTGCCTTTGTTCACTGGTATGTGGGAGAGGGAATGGAAGAAGGTGAATT
AR L DHKF D LMYAI KU R AYZFV HWY V GE GMEE G E F
CTCTGAGGCCCGTGAAGATCTGGCTGCCTTGGAGAAGGATTATGAAGAAGTGGGTGTGGATTCTGTTGAGGGAGAGGCTGAAAAGGAAGG
S EAREDULAAULE KDY EEV GV DS V E G EAZE K E G
TGGTGATGAGTACTAAAGACTTGGTTGTTAATTTGGATCTTCARAGACGTTTATAATTTTGTATGTTAATCAGTTTTACAARATATTTTG
G b E Y *
GCAACTTTGATTCCTCAACTGTTCACTGTTAAAGAGAGAAAATAAATTCTGATATTACTGTGT

Fig. 1 Nucleotide and deduced amino acid sequence of « -tubulin of C. gigas.
The asterisk indicates a stop codon. A conceptual polyadenylation signal is
underlined. DDBJ/EMBL/GenBank accession number: AB196533

’ 2. Materials and Methods
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Sequencing. The nucleotide sequences of cDNAs cloned into pT7Blue vector were determined
with a Big-Dye terminator kit and ABI 377 DNA sequencer (PE Biosystems). Each sequence was
translated into amino acid sequence in six frames and subjected to search for similarity against
protein database using the BLAST program.
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Construction and screening of a cDNA library. 2 11 g of poly(A)+ RNA obtained from the mantle
was used for the cDNA library construction using a SMART cDNA library Construction Kit
(Clontch). No.15 and 391 cDNA fragments were used to screen the cDNA library as probes.

5“RACE. RACE method is performed according to the manufactures instructions (Clontech) using 2 1 g of
mantle poly(A)’RNA. As specific primers in the nucleotide sequences, an antisense primer 5-
CTGTGTAGTGGCCCTTGGCCCAGTT-3' for No.15 and 5-CTGATGCGATCCAAAACCAAGTCCA-3'
for No.391 were used. The amplified products after PCR were cloned into the pGEM T easy TA
cloning vector.

1 AGTTATCTTAATTCATTAAACTAAGGGAGGGCTAGGGCCGGATTCGTGAATTTACAACAAACACACCAACAAAATGAGGGARATTGTGCA
M R E I V H 6

91 TATGCAAGCTGGCCAGTGCGGAAACCAGATTGGTGCTAAATTCTGGGAAGTGATATCTGATGAACACGGCATTGACCCAACAGGAACCTA
M Q A G Q C GN QI G A KU FWE VI S DEWUHGTIUDU?PTGT Y 36

181 TCATGGAGACTCAGACTTGCAGTTAGAAAGAATTAATGTCTACTACAATGAAGCAACAGGTGGAAAATATGTACCTCGTAGCATTCTTAT
H G DS DL QL ERIDNV Y Y NUEA AT GG K Y VvV P R S I L I 66

271 CGATCTTGAGCCAGGAACCATGGACTCAGTCCGATCAGGCCCATTCGGACAAATTTTCAGACCAGACAACTTCGTGTTCGGACARAGCGG
pD L EP G TMUD S VR S G?PF GOQTI F R P DNV F V F G Q S G 96

361 AGCAGGAAACAACTGGGCCAAGGGCCACTACACAGAGGGAGCCGAATTGATCGACTCAGCTTTGGATGTTGTCAGAAAGGAGGCGGAAAG
A G N NWAKGHYTE G AZEULTI DS AL DV V RKE A E S 126

451 CTGTGACTGTATTCAGGGATTTCAACTTACACACTCATTGGGCGGGGGCACTGGTGCTGGTATGGGAACACTACTCATCAGCARAATCCG
¢c bpc¢cIo9QG6GF QL TH S L GG GGTGAGMSGTTLUL I S K I R 156

541 CGAGGAATACCCCGACAGAATCATGAACACTTTTTCCGTTGTCCCATCTCCAAAAGTATCCGACACCGTGGTGGAACCCTACAACGCTAC
E E Y P DRI MWNTUPF S V VP S P KV S D TV V E P Y NAT 186

631 CCTCTCTGTTCACCAACTTGTCGAGAACACCGACGAAACATACTGCATTGATAACGAGGCTCTATATGACATCTGCTTCCGTACACTCAA
L $S VvV H Q L VvV EN T DE T Y C I DNZEWA AUILY DI CFRT L K 216

721 ACTTACCACCCCAACATACGGCGACCTCAACCATCTCATCTCAGCTACCATGTCCGGAGTCACAACATGTCTGAGATTCCCTGGTCAATT
L T T ?P?PTY G DL NHUL I S A TMS GV TTT CULIRF P G Q L 246

811 GAACGCTGACTTAAGAAAGATCGCTGTCAACATGGTCCCCTTCCCTCGTCTCCACTTCTTCATGCCTGGATTTGCTCCATTGACATCACG
N A DL R K I AV NMVPFPRULHPF F M©PGUF AP L T S R 276

901 TGGTAGCCAGCAGTACAGGGCTCTGACCGTCCCAGAACTGACCCAGCAGATCTTCGATGCCAAGAACATGATGGCTGCCTGCGATCCACG
G S ¢ Q YRAL TV PEILTIOQOQTIVFDAI K NMMAA ATCTDPR 306

991 TCACGGAAGATACTTAACTGTCAGCGCCCTCTTCCGTGGACGCATGTCAATGAAAGAGGTTGACGAACAGATGTTGAACGTCCAGAACAA
H GR YL TV S ALV FRGRMSMIE KEVDE- GQMTLNV Q N K 336

1081 GAACAGCAGCTACTTCGTGGAATGGATCCCCAACAACGTCAAGACCGCCGTCTGTGACATCCCACCACGTGGTCTGAAAATGTCCGCCAC
N §$ S Y F VEW I PNDNV XK TAUVCUDTIUPUPIRGTULI KMMSA AT 366

1171 CTTCGTCGGAAACACAACTGCCATCCAGGAACTCTTCAAACGCGTGTCTGAACAATTCACTGCCATGTTCCGTCGTAAGGCTTTCTTACA
F v 66 N T TA I Q E L F KRV S EQQF TAMUF RRIEKATF L H 396

1261 TTGGTACACTGGTGAGGGTATGGACGAGATGGAGTTTACTGAGGCCGAGTCCAACATGAACGATTTGGTGTCTGGGTACCAACAGTACCA
W Y T G E GM DEMETFTEA AESNMMNDNUDTILV S G Y Q Q Y Q 426

1351 GGACGCCACCGCCGAGGAGGAGGGCGAGTTTGAGGAGGAAGAGGGAGAAGAGGAGGCGCAATAAACATTAAATTAACGCAGCAATTTTAG
D AT AZETZEZEGETFEETETEGEEE A Q * ) 446

1441 GTCATCCGTCCATTTATATTTATACTAGTTACACTGAAAATTATAGACGATATTAGGACAATCTAATTAACAATTGTAATACGCAATGAG

1531 CTGTTGACATGTCATCTACAGTACACAAATTATCTTGTACGAAAGCTCTGAACATAAAATAAACAGGATATCAAAATACC

Fig. 2 Nucleotide and deduced amino acid sequence of 3 -tubulin of C. gigas.
The asterisk indicates a stop codon. A conceptual polyadenylation signal is
underlined. DDBJ/EMBL/GenBank accession number: AB196534

3. Results and Discussion

The expression profile of the mantle of mollusc is largely unknown. Then, the poor understanding
of molecular events responsible for shell formation, which is regulated by proteins produced from the
mantle, prompted us to identify tissue specific genes expressed in the mantle of pacific oyster
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Crassostrea gigas V. Results from this analysis identified several cytoskeletal genes, in which No.

15 and No. 391 ¢cDNAs were both similar to tubulin genes. To gain information about the primary
structure of the two genes, we screened a cDNA library constructed from the mantle of C. gigas. To
know the whole structure of 5'-end, we isolated the 5'-cDNAs by the 5-RACE method using
oligonucleotides specific to the sequence of No.15 and 391 cDNAs as primers.

The entire sequence of No. 391 was 1593 bp in length and followed by poly-A tail. Untranslated
sequences of 97 bp in 5'-end and 140 bp in 3'-end were found, and conceptual translation indicates
that there is a single open reading frame which encodes a predicted 452 amino acid protein. The
sequence was shown to be highly homologous to various known « -tubulins in metazoans by the
FASTA program. To mouse and Drosophila, similar identity (94-98%) was found, and as reported,
amino acid substitutions are largely clustered at the carboxyl terminus. The C-terminal sequence
(DYEEVGVDSVEGEAEKEGGD) was most similar to that of mollusc Patella vulgata*?.

The cDNA clone No. 15 was 1593 bp in length and followed by poly-A tail. A single open reading
frame of 446 amino acids was found in this cDNA. The sequence of 446 amino acid protein was
highly similar to those of S -tubulin proteins in animals. The predicted protein sequence of No. 15
was most similar to 3 -tubulins in mouse, Xenopus, and P. vulgata, which showed 94% identity. The
C-terminal sequence (EEEGEFEEEEGEEEAQ) was most similar to that of mollusc P. vulgata.

In contrast to the above sequence conservation of No. 391 and 15 ina and (8 orthologous tubulin
genes, identity between No. 391 and 15 was lower (40%), suggesting that the @ and 3 -tubulin genes
diverged before the separation of the mollusc line. Analysis of the tubulin gene family in
invertebrates has indicated the presence of different forms of tubulin. Drosophila have four genes for
a -tubulin and four for f -tubulin, which are expressed in different tissues or cell types ®?. Similarly,
the No. 391 and 15 genes may be a member of multi-gene family and function differently in various
tissues including the mantle of molluscs.

O NBWIC 15 IH VG AR vEEENe N A CRE L v C LEEECEN ORI DR 0 M P sSPIXK T I G G GDD SFRYT F F sERT G A4S 60
BIVHMQACNAKFVISDDTTYHGSDLQ——LERIVYYNATG58
O HEANERIA VE VISIARAERET V VD] EASI THel T v REF .0l HEEE O L I TRAXK E DEN A BN Y YR KB ORElY 1R <Bd 1 vl . vy 120
B YRR S T L Iapoeyc T MPp] SKEBN SEE P F GE] IR READ N F V FEQO S GENGCGIRIR "EN K KEIEIRENY CRef ~Bq L T]b] S ApAgs] 118
@ R I LESDQEOIT G LESHREENRT. I F:ERE FCclcaNNE SEe] F A SEARI T £E R L S VDR4G K K S K LERNA I YRAARAORUAEST 2 180
BV EEVE SEID C T[olepiO L THEE L cAEeM G TR I S KI REERqPDRI MNTRYSV VR SEJKIRMEID T 178

a BRI s (B Bl s sPczry vERIEE (PR B v o B P P o v s B2 240
B M '~ s vBlo v vBly B ve (BN R r B o < o c BN B B s 2T uB c vBl T 238
o LRE’ SVTEFQTLYIPLVTYV IAEKAYHEQSAINACE PA300
B APl ol AR « 1 A vISvEEE FERS c B r v p o rEM L B rcsooy RalTREPE LB 0 10 Akl 208
o oflv EEEEEE <Kl » c c vAvEl8 o v veBofvaararrx oz v 1 JERIcEl cBr ¢ ripc r v v o B 360
B vl a I R v v s B rEME R v suleREoE ov vy onEy s s VISRAER]l 1By v vEBiT 2 ve o 1B 358
@ rvveeepLavorRAVCML SIRREE 2B 2 2B o s o My 2 x NV EEER, ' EEEE : BB B 20
B - - o oo ez kmMsatrFv RS oRrrF kv s e oldr afrr r xEXE L B T IR o BN VIS - B <10

o BAREDLA EKXKDB4E EV G- -V D S Ve Al K B G e D b Y 452
BESNMN VSGRO QY QOQDATAE ERCEY Fid ERAERY EPYE A Q 446

Fig. 3 Comparison of the deduced protein sequences of « - and J3 -tubulin of C. gigas.
The residues are boxed when conserved between the sequences. A dash indicates
a gap added to the sequence.
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445 (Crassostrea gigas) DINENED cDNA T A 77 Y —75>0 B L7z cDNA No. 15 & 391 (3%
NEN, Fa—7T7 ) VBETFEOHRAMRAR LN, FE&RED cDNA OB, HERFIORE
%, RERAEBMOT 2 —7 ) VBIGTF L OBRMERR LT o722 2 A, No. 15 X B-Fa—7
Uk, No. 39l iZa-Fa—T IV EENETNT I BL-AVT V%LU EO—FKERTZERN
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