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232 Molecular neuroscience

interaction of ataxin-3 with huntingtin-associated
protein 1 through Josephin domain
Yukio Takeshita®®, Ryutaro Fujinaga®, Keiji Kokubu?, Md Nablul lslam

Mir Rubayet .l_ahen , Akie Yanai®,

Huntingtin-associated protein 1 (HAP1) is an essential
component of the 'stigmoid body (STB) and known as a
possible neuroprotective interactor with causative proteins
for Huntington’s’ dlsease, spinal and bulbar muscular
atrophy, spmocerebellar ataxia type 17 (SCA17), and
Joubert syndrome. To clarify what other causative
molecules HAP1/STB could ymteract with, we loned

physrologrcal functlon of normal ataxtn-s and pathogenesrs

lntroductlon

The stigmoid body (STB) was first 1dentrﬁed as'a dlstrnct
sphencal-to -ovoidal, . nonmembrane-bound inclusion (0.5~
3umin drameter) in the cytoplasm of neurons in the limbic

and the hypothalamus of healthy rats. [1—3] The ST B has'
none of the abgresomal charactenstrcs, such as bemfr

ubrqumnated and surrounded by vimentin, 1nd1cat1ng that
the STB is a physrolovlcal entity distinct from patholngcal
aggresome [4] Hunt1ngt1n—assoc1ated protem 1 (HAPl)
induces the formation of STB by its complementary DNA
(CDNA) transfecnon into HEKZ93 cells. [51 and it is
detected in the STB of the rat braln [6]. In the mouse

brain, the STB and HAP1 messenger RNA have a similar

distribution [7] and the STB formation is suppressed in the
bram of Hap[ (+/- ) mice [8]. Thls ev1dence has led to
the suggestion that HAP1 is an essentral component hence
a marker, of STBs [3] k

HAPI interacts with huntingtin in polyglutamme(polyQ)-
dependent. manner [9]. and has a protective effect. on
neurons against apoptosis mduced by polyQ expanded
huntlngtrn [7.8]. HAPl/STB also 1nteracts with polyQ
expanded. androgen. receptor. (AR) .in polyQ -dependent
manner through a ligand-binding dornauny and it suppresses
apoptosis induced by a. polyQ—expanded AR denved from
spinal and bulbar muscular - atrophy (SBMA) [10] In
addition, HAP1/STB is associated with TATA binding
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protem [11], the polyQ expansron of whlch causes spmo-,
cerebellar ataxia type 17 (SCAl7), and Abelson helper
mtecrranon site 1 [12], mutations of Wthh are. lmked 0
nontriplet neuropsychratnc drseases i ludmg Joubert
syndrome and schizophrenia [13]. The line of data suggests
that HAP1/STB could play a protective role in Hunting-
ton’s drsease, 'SBMA, SCA17, and Joubert syndrome,
leading to the HAPI/ST B protectlon hypothe31s ‘that
HAPl/STB expresszon ‘raises the threshold of Vulnerablhty
for neurodegeneration and renders more beneﬁcral stabrlrty
to neurons with HAP1/STB than without it 171. It remains
to be determined, however, how far the hypothesrs can be
applied to other neural disorders. HE

In this study, 0 screen what other neural dlsorder—related
molecules are possrbly mvolved in the interaction Wlth
HAPI/STBs, we cloned causatlve molecules in several
representatxve neural dlsorders from. normal human brain
RNA library and _evaluated their subcellular mteractlon
Wlth HAPl/STB in NeuroZa cells

Methods i
Plasmids and Cell culture :
Plasmids used here were PCR—amphﬁed using the primers
listed in Supplementary Table -1 (Supplemental - digital
content: 1-zp:/links.tow.com/WNR/A106). As target molecules,
we choose amyloid: precursor protein (APP) in Alzheimer-
type - dementia, ~o-synuclein, ubiquitin :carboxy-terminal
esterase 1.1 (UCH-L1) in Parkinson’s- disease, transactive
DOI: 10.1097/WNR.0b01332834505%4



response DNA-binding protein of 43kDa (TDP-43). in
amyotrophic lateral sclerosis, ataxin-1 in SCAl, ataxin-3 in
SCA3, and monoamine oxidase A (MAO-A) in schrzophrema
HAP1 cDNA obtained from Full-length Human Clone
Collection (Invrtrogen, Carlsbad California, USA) were
cloned into the EwRI-Xol-digested pcDNA3 vector (In-
vitrogen). The isolation of ataxin-3Q27 and ataxin-3Q79
¢DNAs has been described earlier [14] and was used to
reconstruct FLAG-tagged ataxin-3Q27 and ataxin-3Q79
using Gateway technology (Clontech Mountam Vrew,
California, USA). Ataxin-3 deletion mutants were amphﬁed
from ¢DNA encoding ataxin-3 by PCR. The ¢cDNAs of the
other target molecules were obtained from human brain total
RNA (Clontech) by reverse transcriptase-PCR and were
used to construct p3>< FLAG-CMV-10  vector (SIGMA,
St Louis, Missouri, USA) using Gateway technology. The
plasmids cloned in this study were verified by sequencing,

The mouse neuroblastoma (NeuroZa) cell culture was done

as descrrbed earher [10]

Western blot analysis, fluorescence
immunocytochemistry, cell count, and

statistical analysis

Western blot analysis and immunocytochemistry with
rabbit anti-HAP1 polyclonal antibody (HAP1 H-300,
Santa Cruz Biorechnology, Santa Cruz, California, USA)
and mouse anti-FLAG monoclonal antibody (FLAG-MS5,
Srgma—Aldnch Tokyo, Japan) was performed as described
earlier [3, 10] Image analysis, cell count, and statistical
analysrs was performed as descrrbed earlier [10]

Immunopreclpltatlon and quantntatlve analysns
Immunoprecrpltatron was performed using the FLAG
Immunoprecrpltatxon kit (Srgma-Aldrrch) accordmg to
the manufacturer’s instructions. Quantitative analy31s was
performed as descrrbed earlier [10]

Results

The expression vectors of HAP] and FLAG—tabged ataxin-
1, ataxin-3Q27, a-synuclein, UCH-L1, APP, TDP-43, and
MAO-A were constructed and singly 'transfected. Western
blot analysis of these transfected cell lysates showed
distinct bands corresponding to their expected molecular
weights (Fig. 1a and b). Most of the cultured cells trans-
fected with HAP1 were observed to form HAP1-immuno-
reactive solitary inclusions in cytoplasm (HAP1/STBs) as
reported earlier [4,5,7] (see Figure 1a Supplemental digital
content 2 Aup:/llinks.lww.com/WNR/A107). Immunofluores-
cence cytochemistry showed that ataxin-1 or:'TDP-43 was
localized mainly in ‘the nucleus (see Figures 1b-and f
Supplemental  digital content 2 Azp:/llinks.fow.com/WNR/
A107), whereas ataxin-3Q27, APE, or MAO-A was expressed
mainly in the cytoplasm (Fig. 1c; see Figures-le and g Sup-
plemental digital content 2 Jup:/flinks.lww.com/WNRIA107).
UCH-L1 and o-synuclein showed diffused expression in
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~both nucleus and cytoplasm (see Figures lc and d

Supplemental drcrltal content 2 /Irhjb ///m,éslww)rom/ﬂWR/
A107). S

~To evaluate the intracellular"relationship between HAP1

and the abovementioned target molecules, the expressmn
vectors of HAP1 and each causative molecule were
cotransfected. Cotransfection of expression vectors of
HAP1 and ataxin-3Q27 induced distinct cytoplasmic
aggregations. that were HAP1/ataxin-3 -double positive
(Fig. 1g=i).-In contrast, the other molecules did not
interact with HAP1-immunoreactive inclusions (Fig. 1d—f
and j-x) and. their intracellular localizations in- single
transfection were:unchanged even: after cotransfection
with HAP1/STB. :

To determme the refrron of atamn~3 crucial for mteracuon
with HAPI the expressron Vectors of three kmds of ataxm-

lacking Josephm domam '(ATX3Q27 511- 1083),‘and atamn—
3 lacking ]osephm domam and ublquxtln—mteractmCr motifs
(A'TX3QZ7 781- 1080) ‘In westem blots, cell lysates from
the transfected cells showed the e}rpected molecular
Werghts of all these mutants (Fg Zb). Immunoﬂuorescence’
cytochemistry showed that a single transfection of
ATX30Q27 511-1083 or ATX3Q27 781-1083 resulted in
entirely diffused expression (Fig. 2¢ and d), whereas ATX3
1-510 was expressed ambiguously in nucleus and part of the
cytoplasm (Fig. 2e).

Cotransfections of the expression vectors of ATX3 1-510
and HAP!1 induced the formation of prominent HAPI/
ATX3 1- 510 double- labeled cytoplasmic aggregations
(Frg 2l-n). In COntrast, ‘cotransfection of HAP1 and
ATX3Q27 511-1083 or 781-1083 did not result i in HAP1
double-labeled cytoplasmrc aggregations  (Fig. 2f-k).
Then, the cormmunoprecrprtauon experrment was car-
ried out to brochemlcaﬂy investigate the interaction of
the HAPl/STB and ataxm-3QZ7 or Josephin domain (Fig.
20 and p). In cells coexpressing HAP1 and atamn—3Q27 or
ATX3 1-510, HAP1 coprecipitated with ataxin-3Q27 and
ATX3 1-510. However, HAP1 did not coprecipitate with
ATX3Q27 511-1083. The results clearly show that the
Josephin domain itself is an essentral region for associa-
tion with HAP1/STB.

A FLAG-tagged-ataxin-3 = (ataxin-3Q79) was created
(Fig. 3a). In western blots, cell lysates from the transfected
cells' showed the expected molecular weights (Fig. 3b).
Most of the cells were observed to express ataxin-3Q79
diffusely in the nuclei and cytoplasm in fluorescence
microscopy (Fig. 3c). Immunofluorescence cytochemistry
showed that the HAP1/ataxin-3 double-labeled cytoplas-
mlc—aggregatlon (Fig. 3d—). To clarify the difference in the
frequency or strength of association with HAP1 between
ataxin-3Q27 and ataxin-3Q79, the HAP1/ataxin-3 double-
labeled cytoplasmic aggregation formation (HA3-CAF)
ratios (HA3-CAF cell numberftotal cotransfected cell
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Fig. 1
(a)  IB:Anti-HAPI (B) IB:Anti-FLAG .
(kDa) 102 Ataxin-3Q27
(kDa)
14 4 49.5 1
86 3584
0 4 292 _
— c —
Z g : 38 3833k
3% 5% o<
* e S 5 5 =z
g &
<

(e) Ataxin-1

(d) HAPI

Ataxin-3Q27

o-synuclein

(m) HAPI

Cotransfection of huntingtin-associated protein 1 (HAP1) and target molecules. (a and b) Western blots for nontransfected (NT) cells and cells
transfected with HAP1 (a) and FLAG-tagged target molecules including ataxin-1, ataxin-3Q27, a-synuclein, ubiquitin carboxy-terminal esterase L1
(UCH-L1), amyloid precursor protein (APP), transactive response DNA-binding protein of 43 kDa (TDP-43), and monoamine oxidase A (MAQ-A) (b).
Molecular weights (kDa) are indicated on the left side. (¢) Fluorescence immunocytochemistry for ataxin-3Q27-transfected cells. (d-x) Fluorescence
microscopic images of cells cotransfected with HAP1 (Alexa488: green) and target molecules (Alexa594: red). Arrowheads indicate ataxin-3Q27
was associated with HAP1/stigmoid body (f) (bar=10 pm).

21



Fig. 2
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Construction of ataxin-3-deletion mutants and cotransfection of huntingtin-associated protein 1 (HAP1) and these mutants. (a) Schematic representation of ataxin-3Q27 and ataxin-3-deletion mutants.
Each mutant is FLAG-tagged in the N-terminus. ATX3Q27 511-1083, ataxin-3-lacking Josephin domain; ATX3Q27 781-1083, ataxin-3-lacking Josephin domain and ubiquitin-interacting motifs; and
ATX3 1-510, Josephin domain. (b) Western blot analysis for the lysates from cells transfected with each ataxin-3-deletion mutants. (c—e) Fluorescence microscopic images of Neuro2a cells
transfected with three ataxin-3-deletion mutants. (f-n) Fluorescence photomicrographs showing subcellular interactions between HAP1 and three ataxin-3-deletion mutants. Arrowhead indicates that
ATX3 1-510 is associated with HAP1/stigmoid body (n). (o and p) Coimmunoprecipitation of HAP1 with ataxin-3Q27, ATX3Q27 1-510, or ATX3Q27 511-1083. Cell lysates were prepared and
subjected to immunoprecipitation with anti-FLAG M2 affinity gel. Immunoprecipitated samples are analyzed by western blotting using the anti-HAP1 antibody. Inputs are the control of proteins
exogenously expressed (bar=10 pum).

22

e 30 elysaNeL G1S/LdVH YNM S-UIXE]E JO uonoRisu|

jeto14



