BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 253, 16—20 (1998)

ARTICLE No. RC989725

Polar Amino Acid-Rich Sequences Bind

to Polyglutamine Tracts

Ichiro Imafuku,* Masaaki Waragai,* Sosuke Takeuchi,* Ichiro Kanazawa,* Masahiro Kawabata,t

M. Maral Mouradian,f and Hitoshi Okazawa**

*Group of Molecular Neurobiology, Department of Neurology, Graduate School of Medicine, University of Tokyo, 7-3-1,
Hongo, Bunkyo-ku, Tokyo 113, Japan; tDepartment of Biochemistry, The Cancer Institute, Japanese Foundation

for Cancer Research, 1-37-1, Kamiikebukuro, Toshima-ku, Tokyo 170, Japan; and tGenetic Pharmacology Unit,
Experimental Therapeutics Branch, National Institute of Neurological Disorders and Stroke,

National Institutes of Health, Bethesda, Maryland 20892

Received October 23, 1998

Polyglutamine tracts are found in different proteins
including transcription factors and cofactors as well
as in triplet repeat disease gene products. To charac-
terize the protein motif that binds to the polyglu-
tamine tract, we screened a human embryonic brain
cDNA library with the polyglutamine tract of Brn-2 as
bait using the yeast two-hybrid method. All six iso-
lated clones encoding polyglutamine tract binding
proteins were rich in polar amino acids. Three of these
clones could form polar helical structures. These ob-
servations suggest that polar amino acid-rich se-
quences are essential for binding to the polyglutamine
tract. © 1998 Academic Press

Polyglutamine tracts are present in various pro-
teins including triplet repeat disease gene products,
transcription factors, and transcriptional co-factors.
This sequence module has been suggested to form a
polar zipper structure (1) and to function as a trans-
activation domain in Oct-2 (2). Expanded polyglu-
tamine tracts in triplet repeat disease proteins self-
aggregate to form nuclear inclusion bodies toxic to
neurons (3-5). The self aggregation step is thought
to be modulated by transglutaminase (6, 7). These
observations implicate the polyglutamine tract in
protein—protein interactions under physiologic and
pathologic conditions.

Several proteins interacting with triplet repeat
disease gene products have been isolated (9-13) but
their direct binding to the polyglutamine tract itself
has not been demonstrated. Some of these interact-
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ing proteins have the WW domain which has been
suggested to bind to the proline-rich sequence in the
two-hybrid screening bait (12, 13). With the excep-
tion of the pathological interaction among expanded
polyglutamine tracts themselves, the molecular mo-
tif necessary for binding to the polyglutamine tract
remains unknown. To address this question, we per-
formed yeast two-hybrid cDNA library screening us-
ing a bait limited specifically to the polyglutamine
tract and thereby isolated clones which bind exclu-
sively to this sequence. Interestingly, all these clones
encoded polar amino acid-rich sequences, suggesting
that the latter is an essential structural feature for
interaction with the polyglutamine tract.

MATERIALS AND METHODS

Yeast two-hybrid interaction. Two-hybrid cDNA cloning was
performed according to the method of Gyuris et al. (14). To
construct the bait plasmid, a DNA fragment corresponding to
the polyglutamine tract of Brn-2 was amplified by PCR from
pCMVBrn2 (15) and subcloned between the EcoRI and Xhol sites
of pEG202 in the correct frame. The resultant fragment encoded
amino acids 122-154 of the murine Brn-2, which in addition to 26
glutamines, includes Gly-Ala-Leu and Arg-Pro-Pro at the 5’ and 3’
ends, respectively, and a His at the 4th position in the polyglu-
tamine tract (16). After confirming that the bait plasmid itself
could not activate transcription from the GAL1-GAL10 promoter
in the reporter plasmid pSH18-34, we screened a human embry-
onic brain cDNA library constructed in pJG4-5. Approximately
2 X 10° colonies were screened on plates with synthetic medium
lacking histidine, tryptophan and uracil. Positive clones were
checked in four types of second plates as described (14). pJG4-5
plasmids were recovered from the final positive yeast clones and
their inserts were sequenced using an automated sequencer. To
obtain the entire sequence of inserts, they were subcloned in
pBS-SK (Stratagene) and the Kilo-Deletion Kit for DNA Sequenc-
ing (Takara, Japan) was used.
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FIG. 1. Two hybrid interaction between the isolated clones and the polyglutamine tract of Brn-2. Interaction was assayed by galactose

induction in Leucine (—) or X-gal plates.

RESULTS AND DISCUSSION

We had previously demonstrated that different
members of the POU domain transcription factor
family have different transactivation potentials and
suspected the involvement of various cofactors bind-
ing to POU proteins (17, 18). In the present investi-
gation, we hypothesized that the polyglutamine tract
in POU proteins might be the interacting site for
transcriptional cofactors, since this motif could form
a polar zipper structure (1) exposed on the exterior of
the POU molecule. To test this hypothesis, two-
hybrid screening of a human embryonic brain cDNA
library (a kind gift from Dr. Brent) was performed
using a bait which contained exclusively the polyglu-
tamine tract of Brn-2 (16).

Among the positive cDNA clones obtained from the
second screening, those in the wrong reading frame,
of which some encoded known genes in different
frames, and those encoding ribosomal proteins were
excluded. Six clones which had proper reading
frames and showed strong interaction to the bait
were judged to be specific (Fig. 1). One of these clones

clone No. cDNA size BLAST homology search
B83-4 1.0Kb unknown
B234-4 1.8Kb unknown
B255-2 1.0Kb unknown
B264-1 1.0Kb known
B375-1 0.6Kb unknown
B436-6 1.3Kb unknown

FIG. 2.

(B264-1) was identical to transitional endoplasmic
reticulum ATPase (TERA) which participates in
ATP-dependent protein transport from the endoplas-
mic reticulum to the Golgi apparatus (19, 20). We
designated the other clones as poly-Q binding pro-
teins (PQBP) 1 through 5 (Fig. 2). PQBP-1 sequence
has been reported in the genome database although
its function is not explored. Our studies of PQBP-1
including its expression and functions will be re-
ported elsewhere (Waragai et al., submitted). The
remaining four clones had deduced amino acid se-
guences not homologous to any known sequence as
determined by BLAST search (Fig. 2). Some of the
isolated clones (PQBP-1, -3, and TERA) are ex-
pressed in the human brain by northern blot analysis
(Fig. 3). Notably, triplet repeat disease proteins were
not isolated in this screen as binding partners to the
polyglutamine tract.

Comparison of the amino acid sequences of iso-
lated clones revealed that all are rich in polar amino
acids such as arginine, lysine, histidine, aspartic
acid and glutamic acid. The basic or acidic side

motif/character designation
Arg, Asp-rich PQBP-1

Arg, Asp, Glu-rich PQBP-2
Arg-rich PQBP-3

Ser, Asp-rich TERA
Arg-rich PQBP-4
Arg, Ser, Lys-rich PQBP-5

List of cDNA clones isolated by two-hybrid screening. cDNA insert size, BLAST homology search result and amino acid sequence

characteristics are indicated. TERA is transitional endoplasmic reticulum ATPase.

17



Vol. 253, No. 1, 1998

TERA

~J

f-actin

1 23 456 78

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

POBP-3

1 2 3 456 78

FIG. 3. Expression of TERA and PQBP-3 in the human brain.

chains in these amino acids are highly polar and are
expected to position on the exterior of the protein
molecule. Consistent with this notion, hydrophilicity
analysis using MacVector Il indicated that these
sequences are highly hydrophilic (Fig. 3). These po-
lar amino acids form helical structures in PQBP-1,
PQBP-2 and PQBP-5. Furthermore, we have found
that this structure in PQBP-1 is essential for binding
to the polyglutamine tract based on deletion analysis
(Waragai et al., submitted). Although PQBP-3,
PQBP-4, and TERA are not predicted to form helices,
they too are very hydrophilic (Fig. 4).

Polar amino acid-rich sequences in general and
polar helical structures in particular appear to be
capable of interacting with the polyglutamine tract.
This is a plausible conclusion since the polyglu-
tamine tract is predicted to form a polar zipper (1)
which would be sticky to polar structures via hydro-
gen bonds. Absence of polyglutamine tract contain-
ing proteins among our isolated clones could be due
to the fact that the polarity of these tracts are not as
high as the polar-rich sequences of our PQBPs. This

18

is because glutamine with an uncharged polar side
chain is less polar than amino acids with acidic or
basic side chains. Although higher polarity is ac-
quired by CAG expansions, the normal length of the
polyglutamine tract might be insufficient to bind to
its protein partners in the two hybrid assay. Polar
amino acid rich sequences could probably bind to the
polyglutamine tract under physiologic conditions,
but expansion of the triplet repeat and some addi-
tional factors might be necessary for self-interaction
among polyglutamine tracts. The latter could have
pathophysiological implications in the genesis of pro-
tein aggregates in triplet repeat disorders.
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FIG. 4. Hydrophilicity and secondary structure analyses of PQBPs and TERA.
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