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Abstract A sequence motif of about 100 amino acids, termed
the `calponin homology domain' has been suggested to confer
actin binding to a variety of cytoskeletal and signalling
molecules. Here we analyse and compare the sequences of all
calponin homology domain-containing proteins identified to date.
We propose that single calponin homology domains do not confer
actin-binding per se and that the actin-binding motifs of cross-
linking proteins, which comprise two disparate calponin homol-
ogy domains, represent a unique protein module.
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1. Introduction

The organisation of the diversity of cellular actin structures
is governed by a variety of actin modulatory proteins. Some
have a preference for binding to the monomeric (G) form of
actin, whilst others speci¢cally target polymerised ¢lamentous
(F) actin structures (see [1] for review). The steady increase in
sequence information available for actin modulatory proteins
led to the proposal for a modular organisation of actin-bind-
ing proteins (reviewed in [2] and [3]). A 250 amino acid stretch
called the `actin binding domain' (ABD) consisting of two
tandem repeats of 125 residues each was identi¢ed as a gen-
eral motif in all actin cross-linking proteins. With the re¢ne-
ment of algorithms for the identi¢cation of sequence motifs,
especially those using secondary structure predictions, new
putative protein modules were proposed in actin binding pro-
teins.

Signi¢cant similarities between the predicted secondary
structure of the calponin family of actin-modulatory proteins
and the amino terminal regions of the proto-oncogene Vav
and other GTPase e¡ector proteins were recently identi¢ed
[4]. This 100 residue motif, hypothesised to comprise the ac-
tin-binding domain of calponin, was termed the `calponin
homology (CH) domain'. This domain was subsequently iden-
ti¢ed in other signalling molecules and was proposed as the
region responsible for directly linking signal transduction mol-
ecules to the actin cytoskeleton via an association with F-actin
[5^8]. This assumption was substantiated by the subdivision of
ABDs of established actin cross linking proteins like K-acti-
nin, ¢lamin and ¢mbrin into two equivalent halves, each cor-

responding to one CH domain [9^11]. Together, this led to the
commonly accepted misconception that CH domains function
as an autonomous F-actin binding domain, and the CH do-
main was installed as the prototype for a novel actin-binding
module [3,4]. Closer inspection of CH domain sequences,
however, reveals that this region does not overlap the estab-
lished actin-binding domain in calponin, delineated in several
independent studies [12^14]. Moreover, a second actin-target-
ing site was recently identi¢ed in the C-terminal tandem re-
peats of calponin [15], and it was further demonstrated that
the single CH domain is neither su¤cient nor necessary for F-
actin binding of calponin and SM22 [16].

2. Data base entries

Detailed analysis of all known CH domain-containing pro-
teins de¢nes three groups of CH domain containing mole-
cules : (i) the ¢mbrin family of monomeric actin cross-linking
molecules containing two ABDs; (ii) dimeric cross-linking
proteins (K-actinin, L-spectrin, ¢lamin etc.) and monomeric
F-actin binding proteins (dystrophin, utrophin) each contain-
ing one ABD; and (iii) proteins containing only a single ami-
no terminal CH domain. We have compared the correspond-
ing sequences of 60 individual proteins including a total of
104 CH domains from human, chicken and all invertebrate
entries. Using the search and alignment programs BLAST and
CLUSTAL-W, ¢ve major branches with signi¢cant bootstrap
values were identi¢ed as delineated in Fig. 1. The amino ter-
minal (type 1) CH domains of proteins containing 1 ABD are
clearly more similar to each other than they are to the car-
boxy terminal (type 2) CH domains of the motif. Likewise as
indicated in Fig. 1, both N-terminal CH domains (CH 1.1 and
CH 1.2) of Fimbrin's ABD 1 and ABD 2 group together, but
are signi¢cantly di¡erent from the C-terminal CH domains
(CH 2.1 and CH 2.2). All those proteins in which only a single
CH domain was identi¢ed form a separate major subgroup,
displaying a higher degree of sequence similarity to each other
than to any of the ABD-constituting CH domains, although
this group includes members of such functionally distinct pro-
tein families as the calponin family of actin-modulating pro-
teins, the SM22 family, and a number of signalling molecules
from a wide range of species.

3. Multiple CH domain proteins

The CH domains of ABD proteins are clearly split into
4 branches with all type 1 and type 2 CH domains from single
ABD proteins fall into their own distinct groups (Fig. 1).
Fimbrin, from yeast through Arabidopsis and Drosophila to
man, however, groups separately from these CH domain con-
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taining ABDs, with the amino-terminal type 1 CH domain in
each pair forming one branch and the type 2 CH domains
another. Structurally all of these domains appear equivalent,
with the core elements of the second CH domains from L-
spectrin, ¢mbrin and utrophin ([9,11]; Keep and Winder, un-
published observations) being conserved to a rmsd of 1.4 Aî

despite considerable primary sequence divergence. Coupled
with the primary sequence divergence in the core elements
of ¢mbrin CH domains is the insertion of longer intra-helical
linkers, not seen in other CH domains, which appear to set
them aside as a distinct group from other CH domain con-
taining ABDs.

Despite the overall structural conservation of the unique
CH domain fold, the ¢rst and second CH domains within
one ABD group separately, and furthermore are functionally
not equivalent. Each single ABD, comprising two CH do-
mains, is able to bind one actin monomer in the ¢lament,
with a¤nities in the low WM range. When CH domains
from ABDs have been analysed in isolation, it is apparent
that their actin binding characteristics are quite di¡erent. All
of the amino terminal CH domains so far analysed have the
intrinsic ability to bind to actin albeit with lower a¤nity than
the complete ABD ([17,18]; S.J. Winder, unpublished obser-
vations). Carboxy terminal CH domains on the other hand
bind actin extremely weakly or not at all ([9,17,18] ; S.J. Win-
der, unpublished observations). Nevertheless both N- and C-
terminal CH domains are required for a fully functional ABD,
with the second CH domain contributing to the overall stabil-
ity of the complete ABD through inter-domain helix-helix
interactions [11].

4. Single CH domain proteins

Twenty-seven database entries were found to encode pro-
teins containing a single amino-terminal CH domain (Fig. 2).
The three variants of vertebrate calponin share a high degree
of similarity in their CH domain sequences and form a sepa-
rate subgroup, similar to the vertebrate SM22 family. NP 25
from rat brain aligns with this latter family, identifying itself
as a vertebrate neuronal SM22 variant. The £ight muscle pro-
tein mp 20 from Drosophila aligns with the invertebrate
SM22s (also known as myophilins). Proteins considerably dif-
ferent from either calponin or SM22 but displaying a charac-
teristic SM22 domain structure (one CH domain, one CLR;
see Fig. 3), form a distinct subgroup, although its (exclusively
invertebrate) members appear less closely related (see below).
Particularly interesting is the identi¢cation of the ¢rst `real'
invertebrate calponin from Schistosoma mansoni. In addition
to an amino terminal CH domain, it contains 5 C-terminal
CLRs (calponin-like repeats; see also [19]). The CH domain
appears signi¢cantly di¡erent from those of vertebrate calpo-
nin, but also from invertebrate SM22-like proteins and does
not align with any of the other protein clusters. Notably, with
the sole exception of a protein identi¢ed in the nematode
Meloidogyne javanica, which contains only a single CH do-
main but lacks the C-terminal CLR, all of the invertebrate
SM22-like members are hypothetical proteins derived from
genomic sequences. Their CH domain sequences fail to place
them into any of the calponin or SM22 subgroups and a
de¢nite classi¢cation may have to await their characterisation
at the protein level.

Among the family of signalling molecules we found inver-
tebrate homologs for both IQGAP (S. pombe) and Vav (C.
elegans). Their CH domain sequences contain several con-
served residues present only in these two protein classes. A
few examples for group-speci¢c amino acids are highlighted in
Fig. 2. Vav, for example, contains two conserved Cys residues
(marked in blue) which distinguishes them from IQGAPs.
Similarly, the CH domains of IQGAP contain a unique Cys
residue at the beginning of their CH domain (marked in yel-
low) whereas all CaPs contain a Gln at the same position.
Interestingly, the calponin CH domains contain two con-
served Gln residues unique to this family (marked in green).
These speci¢c residues de¢ne the signalling molecule family as
a separate group among the single CH domain proteins and
infers particular functions for individual CH domains.

5. CHD versus ABD

Confusion concerning the function of CH domains cur-
rently prevails the literature [4,6,8,10,20]. Single CH domains
clearly function di¡erently from ABDs containing two CH
domains in tandem. The low sequence similarity between
CH domains allows for functional diversity despite the pre-
dicted similarity in secondary structure. Moreover, data de-
rived from the crystal structure of the ABD of ¢mbrin clearly
demonstrate that the two dissimilar CH domains contribute
di¡erently to the hydrophobic core of an ABD [11] and CH
domains within an ABD display signi¢cant di¡erences in their
respective a¤nities for actin [17,18]. Hence, the general as-
sumption that single CH domain-containing proteins bind to
actin via their CH domain and that a single CH domain is
su¤cient for F-actin binding, is inadequate. Although the 190-
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Fig. 1. Phylogenetic tree of CH domains. The analysis includes 104
individual sequences from 60 single and multiple CH domain-con-
taining proteins. Note the speci¢c clustering of the N- and C-termi-
nal CH domains of ABDs from proteins containing 1 or 2 ABDs,
respectively. Single CH domain containing molecules create an inde-
pendent subpopulation. Bootstrap values are given for the major
branches. ABD, actin binding domain; CH, calponin homology do-
main; v, vertebrates; iv, invertebrates. * indicates diversity in the
current nomenclature of proteins falling into the respective sub-
groups. + marks the unusual grouping of the type 1 CH domains
of two hypothetical K-actinin/spectrin-like proteins from C. elegans
and S. pombe together with those of ABP 120 (open branches in
1 ABD proteins).
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kDa protein IQGAP localises in the membrane ru¥es of cul-
tured cells, it remains to be shown whether this re£ects an
association with actin mediated by the amino terminal CH
domain. Alternatively other domains like the PH domain
may be responsible for this phenomenon [5]. In conclusion,
the identi¢cation of a single CH domain should be treated
with caution and special care taken in attributing actin-bind-
ing properties to proteins simply due to the presence of this
motif.
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Fig. 3. Schematic representation of the molecular structure of CH
domain-containing proteins. Hatched symbol indicates presence of a
CLR motif of signi¢cantly divergent sequence or absence of a rec-
ogniseable CLR in some hypothetical proteins of nematodes and
S. cerevisiae.
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