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Are b-thymosins WH2 domains?
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In their review ‘‘WH2 domains: a small, versatile adapter for

actin monomers’’, Paunola et al. [1] drew attention to sequence

similarity between members of two families of actin-binding

sequences, WH2 domains and b-thymosins. The authors rep-

resented the two as a single family, by extending the original

definition of WH2 domains from 18 to �35 residues. From

sequence similarity, they inferred common ancestry. The

enlarged WH2 domain is gaining currency [2–4], yet evidence

for such a relationship is lacking.

b-Thymosins are �43 residue peptides with a role in actin

dynamics as monomer-sequestering agents [5]. Recently, a

number of proteins containing internal tandem repeats of se-

quences very similar to monomeric b-thymosins have been

identified, first in Drosophila and Caenorhabditis [6], more re-

cently inCiona,Dermacentor andHermissenda [7]. From studies

of the Drosophila protein ciboulot [8], the role of these proteins

in regulation of actin filaments is likely to be different from

monomeric thymosins. Homologues of b-thymosins have not

been identified in single-celled organisms. WH2 domains [9]

(from Wiskott–Aldrich homology 2) are 18-residue sequences

that also confer actin binding, are known only as modular parts

of larger proteins, but are widely distributed in phylogeny, being

found in bacteria (hypothetical proteins in Rickettsia montana

and Vibrio parahaemolyticus), certain viruses of arthropods,

single-celled eukaryotes and metazoans, although not plants.

Co-alignment of monomeric thymosins, thymosin repeats

and WH2 domains [1] usefully highlighted similarity between
Fig. 1. Distinct patterns of conservation of WH2 and b-thymosin domains. Tw
currently identified by SMART [12] and each extended C-terminally to 36
domains from thymosin repeat proteins (i.e., excluding highly conserved mon
N-terminally. Each family was separately aligned with ClustalW [13] and the
blue: conserved (threshold 50%), cyan, similar. Dark shading indicates positio
domains, and position of thymosin ‘‘hexamotif’’ boxed.
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the conserved C-terminus of WH2 domains and the hexapep-

tide motif LKKTET of thymosins, the latter residues long

implicated in actin binding [10,11]. However, aligning thymo-

sin repeats and WH2 domains separately (Fig. 1) shows that

their patterns of conservation are not co-extensive: there is

strong conservation of residues in thymosin repeats C-terminal

of this motif, whereas conservation of WH2 domains is N-

terminal from it. C-terminal sequences flanking the 18-mer

WH2 domains are very heterogeneous, some reach C-terminus

of the protein within the conserved span of thymosin repeats,

and in others, adjacent WH2 domains overlap into this span.

The similarity between these two families of actin binding

modules is too low for their relatedness to be detected by

similarity searches. For example, a Hidden Markov Model [15]

constructed from the alignment of all 28 known tandem thy-

mosin repeats, used to search non-redundant proteins, finds

monomeric thymosins, but not WH2 domains. Conversely, an

HMM based on the WH2 PFAM seed [16], with or without

augmentation by 18 downstream residues, does not detect

thymosins.

The LKKTET motif, or variants, has been found in actin-

binding proteins unrelated to thymosins or WH2 domains,

such as vertebrate protein kinases C-e (LKKQET) [17] and so

may have evolved independently in response to a shared mode

of binding to actin. A suggested variant FKHVXPN in the link

region of gelsolin is of particular interest, since an X-ray

crystallographic study [2] has revealed how and where this

binds to actin.

The possibility that the WH2 resemblance to thymosin

LKKT might reflect commonality in mechanism of binding to

actin is strengthened by the existence of a subset of WH2

domains in which the similarity to the thymosin motif extends

to a decapeptide, KLKKAETNDR cf thymosin KLKKTET-
enty-four 18-residue WH2 domains were selected at random from 185
residues, or to the protein C-terminus if shorter. All 27 b-thymosin
omeric thymosins) identified by SMART were extended three residues
alignment coloured as a Texshade fingerprint [14]. Purple: all identical,
n of second tandem WH2 domains. Extent of SMART WH2 and Thy
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Fig. 2. Alignment of the thymosin-like WH2 domains of verprolin and actobindin, with thymosin b4 and the C-terminus of human insulin receptor
tyrosine kinase substrate (IRTKS).
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QEK (Fig. 2). However, even for this closest-to-thymosin

subset of WH2 domains, searches fail to establish significant

overall similarity between the notional 35-mer WH2 domain

and thymosins.

The Acanthamoeba protein actobindin, discovered when

WH2 domains were unknown [18], is consistently regarded as

a dimeric thymosin, the first of the thymosin repeat proteins

[19]. However, the two repeats in actobindin and also those

of its putative Entamoeba homologue closely match the ver-

prolin subset of WH2 domains in a 14 residue sequence

consisting of four residues of the WH2 domain plus a further

10 flanking residues (Fig. 2). The more C-terminal Entamoeba

repeat is a canonical WH2 domain and its Acanthamoeba

homologue is closely related. The more N-terminal, shorter

actobindin repeats, although less recognisable as WH2 do-

mains, share the 14-residue sequence. (A similar 14-residue

sequence occurs at the C-terminus of members of the IRSp53

protein family [20]. In MIM, ABBA1 and ABB2 it C-termi-

nally flanks WH2 domains, whilst in IRTKS and FLJ22582

the rest of the WH2 consensus is absent [20].) The hypothesis

that actobindin repeats are related in evolution to WH2 do-

mains rather than b–thymosins, despite their functional sim-

ilarity to thymosin repeat proteins [19], would make good

sense of the phylogeny, since the latter are otherwise found

only in metazoans.

It is axiomatic that ‘‘motif identity in the absence of overall

sequence similarity is not a reliable indicator of homology.’’

[21] Given their limited sequence similarity, which is as readily

explained by convergence, common ancestry of WH2 domains

and b-thymosins is not supported by available data.
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