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Abstract

Multiple sequence alignment has revealed the presence of a sequence domain of �80 amino acids in two molecules, spartin and spastin,
mutated in hereditary spastic paraplegia. The domain, which corresponds to a slightly extended version of the recently described ESP
domain of unknown function, was also identified in VPS4, SKD1, RPK118, and SNX15, all of which have a well established and consistent
role in endosomal trafficking. Recent functional information indicates that spastin is likely to be involved in microtubule interaction. With
this new information relating to its likely function, we propose the more descriptive name ‘MIT’ (contained within microtubule-interacting
and trafficking molecules) for the domain and predict endosomal trafficking as the principal functionality of all molecules in which it is
present.
© 2003 Elsevier Science (USA). All rights reserved.

Troyer syndrome, a form of complicated hereditary spas-
tic paraplegia found in the Old Order Amish, was recently
found to be due to a frameshift mutation in a novel gene
designated spartin (SPG20, spastic paraplegia autosomal
recessive Troyer syndrome) [1]. Screening the non-redun-
dant protein database using the entire amino acid sequence
of human spartin, we identified the likely orthologues from
F. rubipens, D. melanogaster, and C. elegans. Multiple
sequence alignment reveals that the frameshift mutation
identified leads to the loss of the C-terminal region, which
corresponds to the most highly conserved region of these
proteins (data not shown). Whilst no functional information
is available for any of the spartin orthologues, restricted
regions of similarity with several annotated proteins are
clearly identifiable in both the C- and N-termini of the
protein. In particular, in the C-terminal portion we detected
a strong sequence similarity to a number of uncharacterized

plant proteins (data not shown). The only functional aspect
reported so far for these sequences is their expression under
stress conditions such as dehydration and senescence [2].
Conversely, significantly more is known about the function
of the proteins sharing conserved features with the N-ter-
minal region of spartin. We scanned the protein non-redun-
dant database using PSI-BLAST [3] starting with a profile
derived from the alignment of the N-terminal regions of
human spartin (residues 1–145) and its fugu orthologues.
The iterative search converged at the sixth round retrieving
several members of different protein families. At the first
iteration, the N-terminal part of spastin was identified, with
an E value of 1e�8. Spastin is commonly mutated in auto-
somal dominant forms of HSP and has recently been impli-
cated in microtubule interaction [4]. Further iterations re-
covered SNX15 (E � 3e�4, second round), proteins similar
to ribosomal S6 kinase RSK such as the recently described
RPK118 (E � 3e�3, third round), SKD1 (E � 3e�3, fourth
round) and VPS4 (E � 2e�8, fifth round). The sorting
nexins, including SNX15, are a family of mammalian pro-
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Fig. 1. Multiple sequence alignment of selected MIT domain containing proteins. Sequences are indicated using their database accession number followed by the starting
and the ending residues of the domain and by the species. The consensus in at least 70% of the sequences is reported below the alignment: h, l, K, p, R, � and � indicate
hydrophobic, aliphatic, lysine, polar, arginine, negatively and positively charged residues, respectively. Hydrophobic and aliphatic residues are highlighted in blue, polar
residues in yellow, conserved lysine, arginine, and positive residues in red, negative residues in pink. The secondary structure prediction (Sec.Str.Pred.) at the bottom
of the alignment is derived from the alignment (H, helix predicted with expected average accuracy �82%; h, helix predicted with expected average accuracy �82%)
[17]. Abbreviations: Ao, Aspergillus oryzae; Ce, Caenorhabditis elegans; Dm, Drosophila melanogaster; En, Emericella nidulans; Fr, Fugu rubripes; Hs, Homo sapiens;
Mm, Mus musculus; Nt, Nicotiana tabacum; Os, Oryza sativa; Sc, Saccharomyces cerevisiae; Sp, Schizosaccharomyces pombe.
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teins whose yeast orthologues are also known to be essential
for intracellular protein trafficking [5]. Vps4p is an essential
component of the intracellular protein transport machinery
and regulates membrane association of several proteins [6].
It is required for normal endosome function, enabling pro-
tein transport out of the prevacuolar endosomal compart-
ment [7]. Numerous lines of evidence point to a similar role
in protein trafficking of late endosomes and the regulation
of endosomal morphology for the recently demonstrated
human paralogues VPS4-A and VPS4-B and mouse ortho-
logue SKD1, which also contain this region of similarity
[8,9]. Consistent with an endosomal role, human RPK118
has been shown to colocalise with early endosomes [10].

Calpain 7 (retrieved at the second iteration, E � 2e�3),
an intracellular protease of unknown function [11], is one of
the few proteins containing the conserved region that have
not yet been shown to be involved in endosomal trafficking.
The calpains, calcium-dependent thiol proteases, are widely

expressed molecules with both ubiquitous and tissue-spe-
cific isoforms involved in cell proliferation, apoptosis, and
differentiation. Calpain 7 is the only member of this family
shown to contain this region. Intriguingly, other studies
indicate that calpain 7 is a highly divergent protease with a
novel C-terminal domain [11]. This may indicate that cal-
pain 7 has roles distinct from those of the other members of
the group. A number of other proteins were also shown to
contain the conserved region: the tobacco mosaic virus
helicase domain binding protein (Q944N4) which interest-
ingly also has an AAA cassette like spastin (E � 2e�3, third
iteration), and the uncharacterized Q8WV92 (E � 4e�3,
fifth iteration), Q9VHF6 (CG8866, a putative Ser/Thr ki-
nase), and Q9VZK1 (E � 5e�3 and E � 2e�4, respectively,
sixth iteration).

This region partially resembles the previously reported
‘ESP’ domain, so named because it was originally identified
in only three molecules and their orthologues: End13/

Fig. 2. Domain architectures of proteins containing the MIT domain. The domains are named according to the SMART database [18,19] (http://smart.embl-
heidelberg.de). Pink regions represent the segments with low complexity in their amino acidic composition and blue boxes the transmembrane domains.
Abbreviations: AAA, ATPase domain associated with different cellular activities; Calpain_III, 3rd calpain protease conserved domain; CysPc, calpain-like
thiol protease family; PX, phoX homologous domain present in p47phoX and p40phoX; S_TKc, serine/threonine protein kinases catalytic domain; STYKc,
protein kinase domain without a known specificity.
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Vps4p, SNX15 (sorting nexin 15), and PalB (5). Due to the
limited information available at the time, no functional
implications were formulated and the domain was named
‘ESP’. Multiple sequence alignment of the conserved N-
terminal spartin region shared with the molecules discussed
above reveals a longer domain comprising approximately
80 amino acids, with alternating conserved hydrophobic and
polar areas and a predicted helical secondary structure (Fig.
1). As we have identified this domain in proteins involved in
microtubule binding and in intracellular transport, we pro-
pose the alternative more descriptive term ‘MIT’ (contained
within microtubule-interacting and trafficking molecules).
A schematic representation of proteins containing the MIT
domain is shown in Fig. 2. Our analysis reveals that both the
full-length and the alternatively spliced form of SNX15
possess the MIT domain, although it was originally said to
be present only in the full-length molecule (5). NIFAS, a
publicly available tool for the visual analysis of domain
evolution in proteins, shows that the MIT domains of spas-
tin and spartin, both of which may be mutated in hereditary
spastic paraplegia, are closely related (Fig. 3).

The precise function of the MIT domain is unclear at
present. It may be required for interaction with membranes,
as some preliminary data from deletion of a part of it in
Vps4p suggests [6]. Studies utilizing spastin deletion mu-
tants have indicated that the capability to interact with
microtubules resides within the N-terminal portion of the

molecule, but no domains were identified in this region [4].
As the MIT domain is in this region, it is possible that it
conveys the capability to interact with microtubules. No
interaction of spastin with endosomes was detected.

Membrane-bound organelles such as endosomes are
known to associate with microtubules. To date, a number of
unrelated protein families have been implicated in mem-
brane-microtubule interactions. For example, the cytoplas-
mic linker proteins (CLIPs) bear an amino terminal domain
(MTB) that is able to bind to microtubules only at their plus
extremity [12,13]. In common with some of the MIT con-
taining proteins, an overexpression of some CLIP-contain-
ing molecules (for example, CLIPR-59) results in a strong
perturbation of endosomal trafficking [14]. The Golgi mem-
brane protein GMAP-210 has also been shown to bind
microtubules and to perturb the microtubule network when
overexpressed [15]. Finally, the LisH (LIS1 homology) mo-
tif has been found in proteins associated with neurological
diseases, and its presence in p60 katanin, involved in mi-
crotubule severing, suggests that this motif binds microtu-
bules [16]. Interestingly spastin is highly homologous to
katanin over the AAA cassette, and spastin overexpression
caused microtubule disassembly [4], leading to the sugges-
tion that it may have a similar function to katanin. Spastin
is, however, not homologous to katanin in its N-terminal
half, where it contains a MIT domain and not a LisH motif.
As we were unable to find a clear sequence similarity

Fig. 3. NIFAS tree [20] showing the similarity of the MIT domains (red box) in the various molecules in which it is contained, indicating that the domains
of spartin (O60349) and spastin (SPAS) are closely related being positioned within the same lineage (results from http://www.sanger.ac.uk/Software/Pfam).
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between MIT and these other microtubule binding domains,
it is possible that they may play different roles in protein
interactions with microtubules. Given the presence of the
MIT domain in the microtubule-interacting spastin and in
endosomal molecules, it is tempting to speculate that the
MIT domain may be involved in membrane-microtubule
interactions. At the very least, the identification of a closely
related MIT domain in spastin and spartin suggests that a
common pathway underlies the pathogenesis of some forms
of hereditary spastic paraplegia.
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