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HEAT repeats in the Huntington’s
disease protein

Sir — Huntington’s disease (HD) is
anautosomal dominant neurogenetic
disorder with various progressive
abnormalities in the brain'. A huma,

gene inwhich expanded CAG-repeats
(runs of glutamine in the gene
product) cause the disease?, aswell as
homologues in mouse, rat and fugu
have been identified (see ref. 1). The
gene product (huntingtin) encodesa
large, widely expressed protein of
3144 residues® located in the
cytoplasm™¥, but no precise function
or homology to any other protein
has yet been described. In the course
of our systematic analyses of
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multidomain disease proteins®’, we
have noted that a considerable
fraction of huntingtin contains
tandem arrays of a repeat that we call
HEAT, after four functionally
characterized proteins in which the
repeat was detected: huntingtin,
elongation factor 3 (EF3), the
regulatory A subunit (65 kd) of
protein phosphatase 2A (PP2A) and
TORI, a target of rapamycin that
seems to be essential for progression
of the G1 phase of the cell cycle.
When searching sequence
databases with huntingtin, we found
some weak similarity to the regulatory

Asubunitof PP2A% using the program
Blastp (probability of matching by
chance, P=0.042, ref. 9). This PP2A
subunit consists entirely of 15 repeats
of about 40 amino acids®; three are
homologousto aregioninthe protein
kinase VPS15 (ref. 10). Reciprocal
database searches with the 65 kd
regulatory A subunit of PP2A as a
query indicated an even more
tempting similarity to huntingtin (P
=0.0023). Curiously, PP2A matches
significantly some other cytoplasmic
regulatory proteins (Blastp P-values
in the order of 107). Further Blastp
iterations together with motif and
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Fig.1 Alignment of HEAT repeats in huntingtin with selected consecutive repeats of
the functionally characterised members of this new superfamily. SwissProt database
codes are listed in the first column.The residue numbers at the beginning and end
of the consecutive repeats flank the sequences. The number of residues between
consecutive repeats is shown in brackets. The top ‘property line’ indicates
hydrophobic (h, green) and non-hydrophobic positions (p) conserved in more than
80% of the sequences; the consensus line shows residues that are conserved in
more than 40% of the sequences (bold, coloured). Strictly hydrophobic positions are
boxed. The bottom line gives the secondary structure prediction (H/h - helix; L/dot
- coil, with 82%/72% expected accuracy using the PhD program’®) as averaged over
the 14 sequence families predicted to contain HEAT repeat. All families were
independently predicted to contain a helix-coil-helix arrangement in the HEAT
regions with only slight variations in the helix borders. Despite the high helical
contents, there is no coiled coil potential in these regions as verified by the COILS
program?®. Each protein was independently subjected to a screen for internal
repeats using the REPEATS program (M. Vingron, GMD, Bonn) and most of them,
including huntingtin, gave highly significant results (6 standard deviations above the
mean calculated for random sequences).

Most of the proteins have significant Blastp P-values (< 1079 to at least one other
member of the HEAT repeat family. In addition, the repeats shown here (excluding
those in huntingtin} were used for iterative motif and profile searches (starting with
PP2A) to verify the reciprocity of our findings regarding huntingtin (see ref. 21). Not
only could all proteins shown in Table 1 be detected, but the HEAT repeats in
huntingtin could also be identified unambiguously. For example, the third iteration
of the ProfileSearch program? with three consecutive repeats gave total scores
above 11.89 for all proteins shown in Table 1. The first probable false positive scored
with 10.27. A few proteins including adaptins (located at the cytoplasmic face of
coated vesicles as part of a clathrin-associated complex) scored below the proteins
discussed but above the first false positive, and are additional candidates that might
contain HEAT repeats, but have not been considered here due to our conservative
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profile searches (see Fig. 1) reveal a
total of 14 distinct eukaryotic proteins
(not counting species redundancies)
including huntingtin that contain
multiple HEAT repeats (Table 1).

ThedivergentHEAT repeats vary in
length between 37 and 43 amino acids,
occur in at least 3 consecutive repeats
in every protein (Table 1) and appear
to consist of two o helices (Fig. 1). The
helical count would be between the
nebulin' and spectrin repeats' with
oneand threehelices, respectively. The
rather hydrophobic nature of the
repeatssuggestsa tight packing against
each other, but might also contribute
to the interaction with other proteins.
Thisissupported by experimental data
onHEAT repeat-containing A subunits
of PP2A which form rod-like helical
structures and bind to T antigens of
several viruses as well as to the PP2A B
subunit”. Other characterised, mainly
cytoplasmic repeats also appear to be
involved in protein-protein
interactions such as leucine-rich
repeats that form independent B/a.
superstructures required for protein-
binding' as well as ankyrin®, TPR'
and WD40 repeats'” which all seem to
contain ot-helices.

Inadditiontothe sequence similarity
detected by independent methods
(Fig.1), the functionally characterised
proteins of the HEAT family share a
number of features that support our
findings. i) The homologous regions
are all predicted to adopt an o-helical
topology (Fig. 1). ii) Although the
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HEAT repeats themselves are rather
divergent, they always occur as
consecutive units multiple times
within each protein and thus
strengthen our predictions. iii) All
proteins of the HEAT family seem to
be very large (Tablel) and most of
them are known to be part of protein
complexes. iv) The functionally
characterised proteins containing
HEAT repeats are eukaryotic
regulatory cytoplasmic proteins;
most of them seem to be involved in
cytoplasmic transport processes
(Table 1).

The presence of the HEAT repeats
in huntingtin is thus consistent with
a recent report that proposes a role
in vesicle trafficking®. The HEAT
repeats in huntingtin succeed the
glutamine runs (separated by a
proline-richlinker), the extension of
which leads to the disease, perhaps
viaartificial protein agglomeration®
and/or altering neighbouring
domains in the native protein’®.

In conclusion, several HEAT
repeatsappear tobe required to form
a rod that provides binding sites for
the interaction with other proteins
(as shown for PP2A); they might
have a general role in cytoplasmic
transport  processes.  The
identification of the HEAT repeats
allows a first glimpse into the
modulararchitecture ofalarge group
of cytoplasmic regulatory proteins.
Itmightguideligand-binding studies
as well as the determination of the

DVYLAPLLQUL ! BGLSARw » ~ == PRVASNYUWAFSBL/EAAYE 48
hHHHRHHHHHEH hhHHHHHHH

hh L ~---

three-dimensional structure of HEAT
repeat-containing domains.
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