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tubulins evolved
recently from
genes encoding
v-tubulin

The tubulin gene family consists of
three types, the well-known o- and
B-tubulins and the more recently
discovered y-tubulin. However,
genome-sequencing projects of
Caenorhabditis elegans and
Saccharomyces cerevisiage have
revealed recently two tubulin genes
each so divergent from any known
tubulin that they prompted a
proposal to classify these as
representatives of new families,
‘8- and ‘e-tubulin’, respectively?, a
reclassification impilicit in the
analyses of tubulin structure and
function published recently in this
journal?. However, substantial
evidence is accumulating from the
distribution, function and phylogeny
of these genes for a contrasting
drgument that really they are rapidly
evolving orthologues of y-tubulin34.
If these genes are members of
novel tubulin subfamilies, then
representatives should be found in
reasonably diverse genomes, yet, to
date, ‘8- and ‘e’ tubulins have only
been found in the genera where they
were first described. Moreover,
neither the recently sequenced
S. cerevisiae genome nor the C. elegans
expressed-sequence tag database

trends in CELL BIOLOGY (Vol. 6) October 1996

animals and fungi®$, there is a
definite implication that these
divergent genes may be functionally
equivalent to y-tubulin. Indeed, this
is borne out by experimental
observations in $. cerevisiae that
show the localization of the ‘novel’
tubulin to the spindle pole body

(as expected of a y-tubulin
orthologue), and reveal that
disruption of the gene results in a
phenotype very similar to that arising
from y-tubulin disruption in another
ascomycete, Aspergillus>”:8.

Strong evidence that these genes
indeed encode y-tubulins also comes
from their phylogenetic relationship
to other tubulins. Although quite
divergent, both the C. efegans and
S. cerevisiae sequences branch with
v-tubulins in trees of all three types3#4
and even show an affinity to
orthologues from the animals and
fungi, respectively, in trees
containing only y-tubulins*.

In short, these genes seem to have
evolved recently, albeit rapidly, from
genes encoding y-tubulin. Additional,
testable, expectations of this
conclusion based on phylogeny and
the conservation of gene structure
are also apparent. The C. elegans
gene contains five introns, none of
which is in a position shared with
introns from any other tubulin
gene’. Given the moderate
conservation of intron positions
between C. elegans and vertebrates,
we predict, therefore, that
determination and analysis of a
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more apparent with continued
sequencing.
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This_letter was sent in response to an
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.and Kevin Farrell, on the structure of the
-B-tubulin GTP-binding ;ite.
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Reply

Defining the
¥, 6- and e-tubulins

Keeling and Logsdon propose that
the y-like sequences from
Caenorhabditis elegans and
Saccharomyces cerevisiae are bona
fide y-tubulins that have undergone
rapid evolutionary divergence.
Indeed, genetic and localization
studies with the yeast e-tubulin
(encoded by the TUB4 gene) reveal
striking similarities to the bona fide
y-tubulins'-3, whereas there is no
apparent human analogue to the
C. elegans 3-tubulin among the

60 available human y-tubulin
expressed-sequence tags (ESTs).

The aim of a protein classification
must be, in common with classical
taxonomy, to make sense of the
observed heterogeneity. While the
8- and e-sequences show a greater
similarity to the typical y- than the
o- and B-sequences, this does not
necessarily prove that they are bona
fide y-tubulins. The key question is
whether the expanded nomenclature
is a help or a hindrance. The
nomenclature would be illogical if,
for example, alf properties of the
yeast e-tubulin also applied to the
v-tubulins from other organisms.
The low percentage identities
(36—40% for 8- and 40—44% for
£- compared with >67% for the bona
fide y-tubulins*) suggest that they
cannot, while there are apparent
differences in the nucleation-
template activity of the S. cerevisiae
Tub4p e-tubulin and the bona fide
y-tubulins (see Ref. 3).

Evolutionary divergence should be
most common at residue positions
that are exposed to minimal
selective pressure. As expected, the
peptides implicated in defining the
GTP-binding site of the a- and
B-tubulins are very highly conserved,
with subtle differences characterizing
the two subfamilies®. A comparabie
analysis of the equivalent peptides of
the ¥, 6- and e-tubulins should
provide therefore a crucial test of
whether these proteins are all
members of a single subfamily,
particularly since the bona fide
y-sequences come from organisms as
diverse as fungi, red and green
algae, a trypanosome, plants,
protozoa and metazoa.
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Unfortunately, the crystallographic
structure of tubulin is unknown (see
Ref. 5), and so the characterization
of the GTP site has relied on indirect
methods®. Photoaffinity crosslinking
has implicated B-Tu:Cys12 in binding
the guanine base®, and analysis
indicates that the flanking peptide
(B-Tu:8-17) forms an a-helix with
the three highly conserved
glutamine residues (3-Tu:GIn8,
B-Tu:GIn11, B-Tu:GIn15) positioned
on one surface. This GIn/GIn/Cys/GIn
motif is fully conserved in 21 out of
the 22 y-tubulin sequences. By
contrast, the 8- and e-tubulins each
contain a unique glutamine/histidine
substitution (y-Tu:GIn9/8-Tu:His11;
v-Tu:GIn16/e-Tu:His16) within this
distinctive motif. B-Tu:139-146 has
been implicated in the phosphate
coordination by site-directed
mutagenesis and by comparisons
with other nucleotide-binding
proteins®. The equivalent y-tubulin
peptide (y-Tu:141-148) is highly
conserved (>98.5% identity;

26 sequences), yet there are again
unigue substitutions in both the

&- and e-peptides (y-Tu:lso141/
&-Tu:Val143 and y-Tu:Ala142/
8-Tu:Ser144; y-Tu:lso141/e-Tu:Val142).

The third peptide of interest is the
‘linker peptide’ (y-Tu:283-303 for
the human sequence), which
apparently subdivides the y-tubulin
into an N- and a C-terminal domainé,
It is highly conserved (>90% identity,
25 sequences) and is remarkably
similar to a peptide shown by X-ray
protein crystallography to contribute
to the phosphate and Mg?*
coordination of all protein kinases
(R. G. Burns, unpublished). It is
probable, therefore, that residues of
the ‘linker peptide’ contribute to the
putative GTP-binding site of the
¥-tubulins. The equivalent 8- and
e-peptides are strikingly different:
both peptides share only a 38-40%
identity with the y-sequence and
with each other, and the residues
that contribute to the nucleotide
coordination by the protein kinases
are not fully conserved.

These differences in three of the
peptides implicated in the nucleotide
coordination strongly suggest that
the y-, 8- and e-tubulins have
non-equivalent GTP-binding sites.
This, coupled with the original
evidence?, indicates that C. elegans
and S. cerevisiae sequences have
escaped the selective pressures
maintaining the conservation of the
bona fide y-tubulins; such escapes
lead to distinct protein subfamilies.

The &- and e-sequences may, as
implied by Keeling and Logsdon, be
evolutionary ‘dead ends’ peculiar to
the helminths and S. cerevisiae.
Indeed, the microtubules of the
touch cells of C. elegans are unusual,
being formed of a specific B-tubulin
isoform and having an atypical
protofilament number’, while the
presence of microtubules throughout
the $. cerevisiae cell cycle is unusual
(see Ref. 3). An exhaustive study of
the properties and regulation of the
§- and e-tubulins will be necessary
before the question can be resolved
of whether they are bona fide
v-tubulins. | believe that it would be
prudent in the meantime to retain
the v, 8- and &- classification.
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