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Native Mutant Huntingtin in Human Brain
EVIDENCE FOR PREVALENCE OF FULL-LENGTH MONOMER™®
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Background: In brain lysates denatured huntingtin is full-length and fragmented.
Results: Blue Native PAGE analysis revealed huntingtin as a soluble full-length monomer and resistant to exogenous protease

cleavage. Exposure to denaturants cleaved mutant huntingtin.

Conclusion: Native mutant huntingtin in brain is unstable compared with wild-type huntingtin.
Significance: Native conditions may improve detection of full-length huntingtin in human brain.

Huntington disease (HD) is caused by polyglutamine expansion
in the N terminus of huntingtin (htt). Analysis of human postmor-
tem brain lysates by SDS-PAGE and Western blot reveals htt as
full-length and fragmented. Here we used Blue Native PAGE (BNP)
and Western blots to study native htt in human postmortem brain.
Antisera against htt detected a single band broadly migrating at
575-850 kDa in control brain and at 650 —885 kDa in heterozy-
gous and Venezuelan homozygous HD brains. Anti-polyglutamine
antisera detected full-length mutant htt in HD brain. There was
little htt cleavage even if lysates were pretreated with trypsin, indi-
cating a property of native htt to resist protease cleavage. A soluble
mutant htt fragment of about 180 kDa was detected with anti-htt
antibody Ab1 (htt-(1-17)) and increased when lysates were treated
with denaturants (SDS, 8 M urea, DTT, or trypsin) before BNP.
Wild-type htt was more resistant to denaturants. Based on migra-
tion of in vitro translated htt fragments, the 180-kDa segment ter-
minated ~htt 670-880 amino acids. If second dimension SDS-
PAGE followed BNP, the 180-kDa mutant htt was absent, and
43-50 kDa htt fragments appeared. Brain lysates from two HD
mouse models expressed native full-length htt; a mutant fragment
formed if lysates were pretreated with 8 M urea + DTT. Native
full-length mutant htt in embryonic HD**°?1%0Q mouse primary
neurons was intact during cell death and when cell lysates were
exposed to denaturants before BNP. Thus, native mutant htt
occurs in brain and primary neurons as a soluble full-length
monomer.
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Huntington disease (HD)? is a neurodegenerative disease
caused by an increase in the number of glutamines (>40) in the
N terminus of huntingtin (htt). Huntingtin is a large protein
containing 3144 amino acids. Multiple pathogenic mechanisms
have been proposed to result from polyglutamine expansion in
htt. It is speculated that polyglutamine expansion increases the
abundance of partially folded intermediates in htt. The
unfolded mutant htt forms abnormal protein interactions
either as intact protein or as N-terminal fragments that can
become insoluble and form aggregates. There is considerable
support from studies of cell and animal models that expression
of N-terminal mutant htt fragments encoded by exon 1 or
exons 1 and 2 is sufficient to cause neuronal dysfunction and
death (1-3). Consistent with the idea of a pathogenic fragment,
biochemical studies show that endogenous htt from human
brain or human cell lines or exogenously expressed htt in cells is
cleaved in N-terminal regions by different proteases (4-9).
However, in one study of transgenic mice, expression of an
N-terminal mutant fragment did not produce motor pheno-
types (10). Thus, it is still unproven that a specific N-terminal
htt product is critical to pathogenesis in the human disease.
Dyer and McMurray (7) studied the human postmortem HD
brain. They found lower levels of small N-terminal htt frag-
ments in HD brain compared with control brain and suggested
that mutant htt was more resistant to proteolysis than wild-type
(WT) htt. The inclusion is a visible sign of mutant htt aggrega-
tion detected by immunohistochemistry in the light micro-
scope. Inclusions are seen more easily with expression of N-ter-
minal mutant htt fragments than expression of the full-length
protein. However neurodegeneration is not dependent upon

2 The abbreviations used are: HD, Huntington disease; BNP, Blue Native PAGE;
htt, huntingtin; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; Bis-Tris, 2-[bis(2-hydroxyethyl)amino]-2-(hydroxymethyl)propane-
1,3-diol; BAC, Bacterial Artificial Chromosome; BACHD, BAC-mediated mouse
model of HD.
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the presence of inclusions and is more associated with levels of
soluble diffuse mutant htt (11-13). A specific conformation of
the expanded polyglutamine region in monomeric full-length
as well as truncated htt has been associated with increased cel-
lular toxicity (14 —16). Findings in HD animal models favor a
pathogenic role for full-length mutant htt. Neuronal dysfunc-
tion in Drosophila and neuropathology and motor deficits in
BACHD mice occur with expression of human full-length
mutant htt in the absence of detectable fragments or aggregate
formation (17, 18). BACHD mice expressing full-length mutant
htt with modifications at phosphorylation sites Ser-13/Ser-16
show reduced neuropathology and motor deficits (19). These in
vitro and in vivo data suggest that soluble full-length mutant htt
may be pathogenic in HD.

Most biochemical studies of htt in brain have been per-
formed in denaturing conditions in which the apparent size
migrates at about 350 kDa. Studies of recombinant purified htt
by Li et al. (8) using native polyacrylamide gel electrophoresis
(PAGE), size exclusion chromatography, and dynamic light
scattering found that htt was largely intact and monomeric with
a mass of about 500 -550 kDa. Some proteolysis occurred dur-
ing purification and could be detected by SDS-PAGE. These
authors speculated that full-length htt structure fit the model of
an elongated heat repeat-enriched super helical protein with a
continuous hydrophobic core; this structure prevented native
htt from dissociating despite the presence of “nicks” in the pro-
tein that produced cleaved products upon denaturation (8).
Seong et al. (20) examined purified WT htt expressed in insect
cells. Their highly purified htt preparation showed no N-termi-
nal fragments after denaturing in SDS-PAGE. However, a
10-min exposure of htt to trypsin generated an N-terminal
band of 150 kDa, and a 20-min trypsin digest caused the 150-
kDa fragment to degrade, resulting in the formation of a 60-kDa
N-terminal htt fragment. These data suggested that the N-ter-
minal domains were unstable in the presence of trypsin during
SDS-dependent unfolding of the protein.

The propensity for purified recombinant htt to aggregate has
made study of its native state a challenge. Huntingtin is known
to associate with membranes and phospholipids and inserts
into the lipid bilayer (21-23). The association of htt with mem-
branes and its potential structure as a protein enriched in heat
repeats with a continuous hydrophobic core (noted above) sug-
gested to us that htt in brain might be amenable to analysis by
Blue Native PAGE. This method referred to as BNP has been
effective for isolating the components of large molecular com-
plexes and their subdomains in membranes (e.g. mitochondrial
membrane proteins, AMPA receptors, and oligomers of 3 amy-
loid (24)). The addition of Coomassie Blue dye G250 adds neg-
ative charge to protein surfaces significantly reducing aggrega-
tion and enhancing protein separation under native conditions
(25, 26).

Some of us had studied patients from Venezuela who were
homozygous for HD (27). These individuals were part of a
larger Venezuelan kindred that was used to isolate the HD gene
(28, 29). Our hypothesis was that comparing clinical data and
other information obtained from homozygotes for HD with
data from heterozygotes and controls would help to elucidate
the nature of the defect. Further study revealed that HD is a true
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dominant disorder. There is no dose effect; the normal allele
does not ameliorate the phenotype, and two doses of the path-
ological allele do not exacerbate it (30). This study marks the
first effort to examine postmortem brain tissue of homozygote
HD patients by biochemical assay and to study the aberrant
protein, undisguised by the normal protein.

Here we report a biochemical analysis using BNP with lysates
from postmortem cortex of normal individuals and patients
homozygous and heterozygous for the HD gene, from the cor-
tex of WT and HD mice (HD**/149Q 3nd BACHD) and from
primary neurons of WT and HD'**?'*°Q mjce. Our findings
suggest that most of the htt detected in human brain, mouse
brain, and primary neurons using native conditions is full-
length monomer. Native mutant htt is more susceptible to
cleavage than WT htt if brain lysates are treated with denatur-
ants to stimulate partial protein unfolding.

EXPERIMENTAL PROCEDURES

Human Brain Tissue—Control (n = 4) and HD postmortem
brain tissue (# = 7) was obtained from the New York Brain
Bank at Columbia University and the Massachusetts General
Hospital Neuropharmacology Laboratory Brain Bank and Har-
vard Brain Tissue Resource Center. This tissue was received
frozen and was stored at —80 °C until use. The two homozy-
gotes analyzed in this study were cousins. One had 43/48 CAG
repeats, and the other had 42/46 CAG repeats. Age of disease
onset was 23 years in one individual and 37 years in the other.
Duration of illness was 9 years in one case and 21 years in the
other. The clinical features of these patients did not differ from
those of heterozygotes. The heterozygote HD individuals had
CAG repeats of 27Q/42Q), 17Q/42Q, 25Q/40Q, 17Q/43Q, and
15Q/69Q in the huntingtin gene. CAG repeats for two of the
four controls were known (17Q/17Q and 9Q/17Q). The inter-
val between death and brain dissection ranged from 4 to 48 h.
With the exception of tissue from two homozygote HD brains
and two controls, all of the human brain tissue samples had
been studied previously and had coded designations that are
also used in this paper (31-34). In these previous studies using
SDS-PAGE and Western blot, we found that a postmortem
delay of up to 48 h did not influence the level of detection of
huntingtin in control or HD brain.

Mouse Brain Tissue—WT and HD'#°Q/14°Q mice (C57BL/6
strain background) are maintained at the Massachusetts Gen-
eral Hospital (MGH) animal facility in building 114. The HD
mice are “knock-in” mice and have human exon 1 with 140
CAG repeats inserted into the mouse huntingtin gene (35).
Mice are bred to be homozygous for the HD mutation. WT and
BACHD mice (18) are maintained at the University of Massa-
chusetts Medical School (UMMS). The BACHD mice are trans-
genic mice that express the gene encoding human full-length
htt with 97 glutamines from mixed CAG/CAA repeats under
control of human htt gene promoter (18). The animal protocols
were reviewed and approved by the Subcommittee on Research
Animal Care (SRAC)-OLAW Assurance at MGH #A3596-01
and at UMMS #A-978. The protocol conforms to the USD Ani-
mal Welfare Act, PHS Policy on Humane Care and Use of Lab-
oratory Animals, the “ILAR Guide for the Care and Use of Lab-
oratory Animals,” and other applicable laws and regulations.
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Brains were removed from the animals and frozen at —80 °C
until use in biochemical assays. Fresh brain tissue from embry-
onic mice was used as a source of primary neurons (see below).

Sample Preparation for Native PAGE—Approximately 20 mg
of frozen cortical brain tissue was homogenized in 500 ul of 1X
NativePAGE™ sample buffer (Invitrogen) + 1% n-dodecyl-B-
D-maltoside + protease inhibitors (Roche Applied Science) + 1
mm NaF + 1 mm Na,;VO, then centrifuged at 100,000 X gfor 15
minat4 °C. The supernatant was placed in a fresh tube and used
for most of the analysis in this study. The insoluble pellet was
resuspended in 300 wl of the same 1X Native PAGE™ sample
buffer as above. 1 unit/ul of benzonase (Sigma) and 2 mm
MgCl, (final concentration) were added to the soluble and
resuspended pellet fraction and incubated at room temperature
for 30 min. The soluble fraction was centrifuged at 100,000 X g
for 15 min at 4 °C, and the resuspended pellet fraction was son-
icated for 2 s. Protein content was determined using the Brad-
ford method (Bio-Rad), and samples were frozen at —80 °C
until use. In some experiments 1 pg/ml pepstatin A (Sigma) or
20 uM N-acetyl-L-leucinyl-L-leucinyl-L-norleucinal (Calbi-
ochem) was added to the lysis buffer before homogenization. In
some experiments SDS (2%) = 100 mm DTT was added to the
lysates and incubated at room temperature for 40 min. Some
lysates were treated with 8 Mmurea + 100 mm DTT for 30 min at
room temperature or 0.1 mg/ml trypsin for 20 — 60 min at 37 °C.

Preparation of Subcellular Fractions; S2 and P2 Membrane
Fractions—Small pieces of frozen cortex were homogenized in
5 volumes of 20 mm Tris, pH 7.4, 250 mm sucrose, 1 mm EDTA
+ protease inhibitor tablet (Roche Applied Science) and cen-
trifuged at 2000 X g for 10 min at 4 °C. The supernatant (S1) was
removed to a fresh tube, and the pellet (P1) was resuspended in
the same buffer and sonicated for 10 s. The S1 fraction was then
further centrifuged at 100,000 X g for 1 h at 4 °C. The superna-
tant (S2) was placed in a fresh tube, and the pellet (P2) was
resuspended in the same buffer. Protein content was deter-
mined using the Bradford method (Bio-Rad). Immediately
before electrophoresis, samples were diluted in 1X Native
PAGE™ sample buffer and incubated in 2 mm MgCl, and 1
unit/pul benzonase (Sigma) for 15 min at room temperature.

Preparation of Primary Neurons—Embryonic cortex of WT
and HD'*° 92 mice were used as the source of primary neu-
rons and prepared according to our previously published
method (23). The protocol resulted in >99% neurons in the
cultures. Cultures were harvested into 50 mm Tris, pH 7.4, 250
mM sucrose, 1% Nonidet P-40, 5 mm EDTA, protease inhibitors
(Roche Applied Science), 1 mm NaF, and 1 mm Naz;VO, on ice
for 15 min, scraped into an Eppendorf tube, and centrifuged at
10,000 X g for 3 min. Protein content in the supernatant was
determined using the Bradford method (Bio-Rad). Before elec-
trophoresis, samples were diluted in 1X Native PAGE™ sam-
ple buffer and incubated in 2 mm MgCl, and 1 unit/ul benzo-
nase (Sigma) for 15 min at room temperature. Parallel cultures
prepared from the same embryos were used to detect viability
by MTT assay as previously described (23, 36).

Blue Native PAGE and Western Blot—The Native PAGE™
Novex Bis-Tris gel system (Invitrogen) was used to perform
electrophoresis under native conditions. Coomassie G250 was
added to samples at a concentration of 0.25% as well as to the
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cathode buffer at concentrations of 0.02—0.002%, and 10-50
png of sample/lane was loaded. Proteins were separated in
NativePAGE ™ Novex 3-12 or 4—16% Bis-Tris gels and trans-
ferred to PVDF at 100 V for 1 h using the Mini Trans-Blot Cell
(Bio-Rad). Blots were treated with 8% acetic acid for 15 min,
air-dried, then soaked in methanol to remove excess Coomassie
Blue as well as to visualize the molecular mass markers. Native
protein standards from GE Healthcare were thyroglobulin (669
kDa), ferritin (440 kDa), catalase (232 kDa), lactate dehydro-
genase (140 kDa), and albumin (66 kDa). Native protein stand-
ards from Invitrogen were IgM hexamer (1236 kDa), IgM pen-
tamer (1048 kDa), apoferritin band 1 (720 kDa), apoferritin
band 2 (480 kDa), B phycoerythrin (242 kDa), lactate dehydro-
genase (146 kDa), bovine serum albumin (66 kDa), and soybean
trypsin inhibitor (20 kDa). After washing in TBS + 0.1% Tween
20 (TBST), blots were processed for Western blot by blocking
in 5% nonfat dry milk (Bio-Rad) in TBST then incubated in
primary antibody diluted in blocking solution overnight at 4 °C.
Blots were incubated in peroxidase-labeled secondary antibody
(Jackson Immunoresearch) in blocking solution, and bands
were visualized using the SuperSignal West-Pico Chemilumi-
nescent Substrate (Pierce) and Hyperfilm ECL (GE Healthcare).

For SDS-PAGE, proteins were loaded 20-50 ug/lane in
NuPAGE Novex 3—8% Tris acetate or Novex 4—12% Tris-gly-
cine gels (Invitrogen). Samples were treated with 100 mm DTT
and boiled for 5 min before loading. Proteins were transferred
to nitrocellulose using the iblot system (Invitrogen); blots were
washed in TBST and processed immediately for Western blot
as described above.

In Vitro Translation in Reticulocytes—Protein was generated
using rabbit reticulocyte lysates (TNT Quick Coupled Tran-
scription/Translation Systems, Promega) following the proto-
col provided and using 1 ug of pcDNA plasmids encoding hun-
tingtin ¢cDNAs as templates. The construction of cDNAs
encoding huntingtin fragments have been described previously
(21, 22).

Sources of Antibodies Used in This Study— Antibodies used in
this study along with their antigenic sites and sources are Ab1l
(htt-(1-17)) and 585 (htt-(585-725)) (37), PW0595 (htt1-17,
Enzo Life Sciences), MAB1574 (1C2, Chemicon), 3B5H10
(Sigma, anti-polyQ, made to htt1-171), MAB2166 (htt-(443—
457)), MAB5490 (htt-(115-129)), MAB2168 (htt-(2146—
2541)) (Chemicon), Ab1173 (htt-(1173-1196) (38)), and
ADb2527 (htt-(2527-2547) (39)), GAPDH (Millipore), and BIII-
tubulin (Sigma). MW1 (anti-polyQ) and MW8 (htt83-90),
developed by Paul H. Patterson, were obtained from the Devel-
opmental Studies Hybridoma Bank developed under the aus-
pices of the NICHD, National Institutes of Health, and main-
tained by The University of lowa, Department of Biology, Iowa
City, IA 52242.

RESULTS

BNP and Western Blot Analysis of Huntingtin in Human
Brain—W'e examined postmortem brain lysates from the cor-
tex of four control subjects and seven HD patients. Proteins
were separated using NativePAGE™ Novex 3-12% Bis-Tris
gels, transferred to PVDF, and Western blot analysis was per-
formed with different anti-htt and anti-polyglutamine antibod-

JOURNAL OF BIOLOGICAL CHEMISTRY 13489



Native Huntingtin in Human HD Brain

A

Ctl HD  Ctl HD

440-
232- ®
<«
140-
66- .
LAb1 Enzo j|MAB1574 3B5H10 MW1 jMAB5490 MAB2166 Ab585

B

1-17 QQQ 115-129
18-41

443-456

C oc HD

<
1236-
“ 1048/
669- ‘ ‘. = e
440- 480-
232-
22-  am
140- e - <
146-
66-
66- Ab1  MW8
short exposure
Ab1

CtiHD Ctl HD Ctl HD CtiHD Ctl HD

00 B0 8 0 «ns an I

585-725

Ctl HD Ctl HD Ctl HD Ctl HD

Ctl HD Ctl HD

.‘ -‘4....4—

——

Ctl HD Ctl HD Ctl HD

[

Ab1173  MAB2168 Ab2527 MCA2051

3144
1173-1196 2146-2541 2527-2547 2703-2911

E cuHp Ctl HD Ctl HD
..<1=

) o8-

<

669-
440-
232-
140-

45-

Ab1 Mws 14.2-.

long exposure

Ab1 3B5H10 Ab585

FIGURE 1. Biochemical analysis of native huntingtin in human brain. A, lysates were prepared from postmortem control (Ct/) and homozygous HD patient
cortex. Proteins were separated with BNP using NativePAGE™ Novex 3-12% Bis-Tris gels and transferred to PVDF. Each Western blot was probed with a
different anti-htt- or anti-expanded polyglutamine-sensitive antibody as indicated at the bottom of the blots. The levels of the native molecular mass markers
are shown on the left and apply to all blots. Note that the predominant forms of WT and mutant htt migrate near the 669-kDa marker with all antisera (large
arrow). Some antibodies (Ab1, Ab1173) also detect smaller complexes (small arrows). Each antibody was used in at least two experiments. B, the schematic
shows the epitopes recognized by different anti-htt and anti-polyglutamine antisera. C, lysates from two controls and four HD brains were prepared from
frozen postmortem brain as described under “Experimental Procedures.” HDa and HDd are from adult homozygotes (43Q/48Q and 42Q/46Q), HDb is pre-
symptomatic grade 1 heterozygote (17Q/42Q, A4), and HDc is an adult heterozygote, grade 3 (27Q/42Q, A12). Note that in this blot only the two homozygous
HD cases show evidence of a prominent N-terminal fragment (open arrowhead). D, shown is detection of native WT htt and mutant htt with Ab1 antibody and
mutant htt with MW8 antibody at short and longer exposures of the same Western blot film. The gel was run using different molecular mass standards than in
A.The sizes of WT and mutant htt encompass a large size range, and polyglutamine expansion slows htt migration. Detection of mutant htt by MW8is seen only
at the long exposure (arrow). E, BNP was performed using NativePAGE™ Novex 4-16% Bis-Tris gels and Western blot with different antisera as indicated.
Migration of molecular mass markers from 14.2 to 669 kDa is shown on the left. Ab1 detects the 180-kDa band but not smaller fragments. No fragments are seen

with antibodies 3B5H10 or Ab585. 10 ug/lane were loaded for all lysates. The open arrow on the right in A, C, D, and E indicates the top of the gel.

ies. Each antibody was tested in two to seven independent
assays. Fig. 14 shows results for postmortem cortex of control
and age matched homozygote HD individuals for one set of
results. Anti-htt antisera that recognized different regions in
htt (htt-(1-17), -115-129, -443-456, -585-725, -1173-1196,
-2146 -2541, -2527-2547, and -2703-2911) (Fig. 1B) detected
WT and mutant htt typically as broad bands migrating around
the 669-kDa marker, which was the highest molecular mass in
the set of standards used for these experiments. Antisera that
recognize expanded polyglutamine regions (MAB1574 (1C2),
3B5H10, and MW1) detected mutant htt but not WT htt (Fig.
1A). Other postmortem samples from normal and HD individ-
uals also showed a broad band for native htt migrating around
the 669-kDa standard when detected by Western blot with anti-
body Ab1 (htt-(1-17)) (Fig. 1C and supplemental Fig. S1). To
estimate the molecular mass range of htt by BNP, we used
another set of standards that included proteins with molecular
masses of 720, 1048, and 1236 kDa and performed Western blot
analysis with antibody Ab1l. Results showed an apparent mass
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for native WT htt to be 575—850 kDa and for mutant htt to be
650—885 kDa. At longer exposures of the Western blot films,
WT htt migrated between 540 and 1120 kDa, and mutant htt
migrated between 615 and 1270 kDa (Fig. 1D). There was no htt
signal detected at the top of the blots (open arrows in Fig. 1) that
would indicate insoluble protein had failed to migrate into the
gel during BNP. Thus the predominant signal for native WT
and mutant htt in the human brain was soluble full-length pro-
tein. Migration of htt occurred over a wide molecular mass
range and was slowed by polyglutamine expansion.

BNP and Western Blot Analysis of Human HD Brain Shows
Presence of N-terminal Fragment—In brain lysates of two
homozygote HD brains, antibody Ab1 (htt-(1-17)) detected a
mutant htt fragment (Fig. 1, A and C). The fragment migrated at
about 180 kDa. The control brain lysate examined in the same
assay did not show a fragment. However, a htt fragment of
about 160 kDa was seen in long exposures of the Western blot
films, suggesting that the 160-kDa WT htt band was much less
abundant than the 180-kDa mutant htt fragment (Fig. 1D). The
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FIGURE 2. Native htt in human brain and in vitro translated in reticulocytes. Anti-htt1-17 Ab1 was used for Western blots, 10 ug of protein was loaded per
lane, and molecular mass markers are shown on the left. A, distribution of 180 kDa mutant htt in soluble and membrane compartments by BNP is shown. The
soluble (52) and membrane (P2) fractions were prepared as described under “Experimental Procedures.” Control and HD brain have more native full-length htt
in the P2 fraction than the S2 fraction (large arrow, right). The 180-kDa mutant htt fragment (small arrow, right) is more enriched in the S2 fraction than in the
P2 fraction. A 340-kDa fragment was also detected (arrowhead, right). Control brain shows 160 kDa (arrow, left) and 230-kDa fragments (arrowhead, left). B, BNP
analysis of recombinant full-length htt and htt fragments is shown. cDNAs encoding htt and htt fragments as indicated were translated in vitro using a
reticulocyte assay, and the proteins were separated by BNP and probed by Western blot with Ab1 antibody. Arrows identify the positions of htt-(1-552)-18Q
(two bands) and htt-(1-969)-18Q and -(1-969)-100Q,and arrowheads identify the dimeric forms of htt-(1-969). Most of htt-(1-552)-18Q may undergo process-
ing to the smaller fragment in vitro or during processing. C, shown is a BNP analysis of detergent-insoluble pellet. Detergent-soluble supernatant and
resuspended pellet were prepared as described under “Experimental Procedures.” The signal for full-length htt (arrow) is an average of 4.4X greater in the
soluble fraction than in the resuspended pellet, and the 180-kDa band was detected in both fractions (open arrowhead). There is no signal at the top of the gel,

Ab1

suggesting that aggregated protein has entered the gel (open arrow).

difference in size of the bands in control and homozygous HD
brain is likely due to the difference in polyglutamine length and
would support the interpretation that the bands are fragments
of N-terminal htt. In two of five human heterozygote HD brains
examined there was a fragment detected with antibody Abl
(supplemental Fig. S1, HD brains A11 and A3). However, unlike
the band in the homozygote HD brain, we cannot be sure if the
fragment in the heterozygotes belongs to mutant htt or WT htt.
Antisera Ab1173 was the only other antibody to robustly detect
native htt fragments. The bands migrated similarly (about 250
kDa) in control and HD brain, suggesting that they were C-ter-
minal cleavage products.

To increase detection of N-terminal mutant htt fragments,
we used antibody MW8. Previous studies show that MW8
detects a small mutant htt fragment in denaturing conditions
(40). BNP and Western blot of control and homozygous HD
brain with MW8 showed that the antibody detected a band at
around the 669-kDa marker and a broader band between 440
and 669 kDa in both control and HD brain (Fig. 1D). No small
fragments were seen. We also separated proteins using Native-
PAGE™ Novex 4—16% Bis-Tris gels in which the molecular
mass standards of 45 and 14.2 kDa migrated within the gel.
Western blot analysis with antibodies Ab1, 3B5H10, and Ab585
showed no mutant htt bands other than the 180-kDa band
detected with Ab1 antibody (Fig. 1E). Thus, the 180-kDa band
detected by Ab1 was the only N-terminal mutant htt fragment
observed in the homozygous HD brain using native conditions.
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Htt is detected in soluble and membrane fractions when
examined under denaturing conditions (41). To determine the
subcellular distribution of the 180-kDa native mutant htt band,
we examined soluble (S2) and membrane (P2) fractions by BNP
and Western blot with Abl antibody (htt-(1-17)) (Fig. 24).
Native full-length htt was more enriched in the P2 fraction than
the S2 fraction of control and HD brain. In contrast, the 180-
kDa native htt band was enriched in the soluble (S2) fraction
compared with the membrane (P2) fraction. The 160-kDa band
in control brain was detected in the S2 fraction but at much
lower levels than the 180-kDa band seen in the HD S2 fraction.
Additional bands migrating at around 220 kDa in control brain
and at about 300 kDa in HD brain were also detected in the S2
fractions (Fig. 24, arrowheads).

To approximate the N-terminal domain that formed the 180-
kDa mutant htt, we examined the migration of recombinant
full-length htt and truncated N-htt fragments of different sizes.
Htt ¢cDNAs encoding full-length htt-(1-3144)-18Q, htt-(1-
969)-18Q, htt-(1-969)-100Q, and htt-(1-552)-18Q were
expressed by in vitro translation in reticulocytes and examined
by BNP and Western blot (Fig. 2B). The in vitro expressed full-
length WT htt migrated at about 550 kDa. htt-(1-552)-18Q
migrated at about 120-140 kDa. htt-(1-969)-18Q and htt-(1-
969)-100Q migrated as monomers at about 220 and 270 kDa,
respectively, and as dimers at about 500 and 600 kDa, respec-
tively. Based on these data, the 180-kDa native mutant htt frag-
ment seen in human homozygous HD brain would be expected
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to terminate between amino acids 552 and 969 if it is a
monomer.

BNP Analysis of Detergent-insoluble Pellet Fraction—To
determine if mutant htt aggregates were missed by analysis of
total lysates and S2 and P2 fractions, we also examined the
resuspended detergent insoluble pellet using BNP and Western
blot with Ab1 antibody. The pellet fraction would be expected
to contain any insoluble mutant htt. The results showed that
full-length mutant htt migrated at the same size in the soluble
and resuspended pellet fractions (Fig. 2C). No signal appeared
at the top of the blot in the lanes with the resuspended pellet to
suggest a retarded migration of aggregated proteins into the gel.
The signal intensity for native full-length WT or mutant htt was
much greater in the soluble fraction than in the resuspended
pellet fraction (on average about 4.4X more). The 180-kDa
N-terminal mutant huntingtin fragment was also more preva-
lent in the soluble fraction than the resuspended pellet fraction.
However the resuspended pellet fraction had a higher ratio of
N-terminal band to full-length htt (1.49) than did the soluble
fraction (0.43). The greater representation of the 180-kDa frag-
ment relative to full-length in the pellet fraction suggests that
the 180-kDa fragment may be more prone to accumulate in a
detergent resistant compartment. However, there was no
change in mobility of the 180-kDa band in the resuspended
pellet compared with the soluble fraction to suggest increased
oligomerization. Thus, using the tissue sample preparation and
BNP method performed in this study, most of the native mutant
htt detected by Western blot in human HD brain is soluble.

Full-length Mutant htt Is Degraded by Partial Denaturing—
Our findings revealed the presence of a 180-kDa mutant htt
fragment in the HD brains using BNP and Western blot analysis
with Ab1l (htt-(1-17)) antibody. The 180-kDa fragment was
detected at low levels compared with full-length htt. To
increase the levels of the 180-kDa fragment, we pretreated HD
brain lysates with denaturants before BNP. SDS alone (Fig. 34),
DTT alone (not shown), or SDS + DTT (Fig. 3A) increased the
levels of the 180-kDa band compared with untreated lysates
and reduced levels of full-length htt when detected with Abl
antibody. Western blot with MAB1574 (1C2) antibody did not
show evidence of the 180-kDa fragment even in the presence of
SDS or SDS + DTT (Fig. 3B). Treating control brain lysates
with these denaturants did not generate a WT htt band,
although migration of intact WT htt was increased. The addi-
tion of 8 M urea alone did not change the levels of 180-kDa band
(not shown). However, the combination of 8 M urea + DTT
pretreatment (30 min) before BNP significantly increased levels
of 180-kDa mutant htt band (Fig. 3C). Treatment of control
brain lysates with 8 M urea + DTT induced formation of a
160-kDa band at much lower levels compared with the 180-kDa
mutant htt band (Fig. 3C). 8 M urea + DTT treatment reduced
the levels of full-length WT htt and mutant htt. Thus, pretreat-
ment with 8 M urea + DTT was the most effective means of
increasing the levels of the 180-kDa mutant htt band detected
by BNP.

We also addressed if trypsin pretreatment of brain lysates
affected mutant htt degradation. Trypsin digestion of HD brain
lysates (0.1 mg/ml trypsin for 20 min) before BNP increased the
levels of the 180-kDa N-terminal domain compared with

13492 JOURNAL OF BIOLOGICAL CHEMISTRY

untreated lysates (Fig. 3D); no other htt fragments were
detected. Native full-length mutant htt migrated faster and
with reduced signal intensity in trypsin-treated lysates. Control
brain lysates exposed to the same trypsin treatment did not
generate a htt fragment, but the signal for full-length htt was
reduced compared with untreated lysates. It is noteworthy that
when the trypsin-treated brain lysates were separated by SDS-
PAGE, multiple N-htt fragments were evident by Western blot
in the control and HD brain lysates. Notably, mutant htt gen-
erated more large fragments than WT htt (Fig. 3E). Thus,
except for increasing the levels of the 180-kDa mutant htt band,
trypsin-treated mutant htt and WT htt remained intact under
native conditions and degraded under denaturing SDS-PAGE.

Coomassie dye is usually added to the brain lysates before
BNP. To determine if the addition of Coomassie dye affected
mutant htt proteolysis, we examined brain lysates in the pres-
ence (standard method) or absence of Coomassie dye. The
absence of Coomassie dye increased the migration of full-
length htt but had little effect on the levels of the 180-kDa
mutant htt band detected by BNP (Fig. 3F, long exposure).

Studies in vitro show that htt is processed near its N terminus
by a BB secretase-like aspartyl protease and in vivo by a calpain-
like protease after ischemic injury (42, 43). To determine if
native mutant htt was degraded by the increased activity of one
of these proteases despite the addition of a protease inhibitor
mixture, we pretreated brain lysates with pepstatin A (1 pg/ml)
or N-acetyl-L-leucinyl-L-leucinyl-L-norleucinal (20 um) before
BNP. Results showed that the signal intensity of the 180-kDa
band was not affected by the presence of these inhibitors
(results not shown).

Analysis of Human htt Migration Using Two Dimension
Native-denaturing PAGE—Native htt migrated at 575-850
kDa in control brain and at 650 —885 kDa in homozygote HD
brain. We wondered if the high molecular mass of htt was due
to co-migration of full-length htt with N-terminal htt frag-
ments. To test this idea we combined first dimension BNP with
a second dimension denaturing gel (26). First, proteins from
control and HD brain lysates were separated using BNP (I-D-
BNP), then the lane for each sample was isolated and overlaid
on top of a wide lane gel to serve as the source of protein for the
SDS-PAGE (2-D SDS-PAGE) (Fig. 4). Lysates from the control
and HD brains were run in the first lane of the two-dimension
SDS-PAGE instead of molecular mass standards (Fig. 4, brack-
ets). Western blot analysis with anti-htt1-17 showed that dena-
tured WT htt and mutant htt detected in the two-dimension
SDS-PAGE migrated as discrete bands at about 350 kDa and
also formed multiple N-terminal htt fragments. These features
have been described previously for htt in human brain when
examined by SDS-PAGE and Western blot with Ab1 antibody
(32, 44). The WT and mutant htt that entered the two-dimen-
sion SDS-PAGE from the one-dimension BNP gel piece
migrated as broad bands barely reaching the position of htt seen
using SDS-PAGE (first lane, brackets) (Fig. 4). In the two-di-
mension SDS-PAGE, the signal for mutant htt was much
reduced compared with that of WT htt. There were no N-ter-
minal htt fragments migrating in two-dimension SDS-PAGE
below the level of the full-length protein, suggesting that the
native WT and mutant htt signals >575 and 650 kDa detected
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FIGURE 3. Biochemical analysis of native htt in human brain; effects of partial denaturing. BNP and Western blot analysis of human control (Ct/) and HD
homozygous brain lysates are shown in A-D and F. Anti-htt1-17 Ab1 was used in all Western blots except B,and 10 g of protein was loaded per lane. Molecular
mass markers are indicated on the left. A, effects of partial unfolding by SDS or SDS + DTT on native htt and formation of 180-kDa mutant htt fragment are
shown. Lysates were treated with denaturant SDS (2%) or SDS + DTT (100 mwm) for 40 min before BNP. Htt complexes migrate faster in the presence of SDS or
SDS + DTT (the large arrow and dashed arrow indicate change in migration), and there is an increase in the levels of 180-kDa mutant htt band (the filled
arrowhead and open arrowhead indicate shift in migration). B, Western blot shows that MAB1574 (1C2) detects mutant htt but not WT htt. SDS or SDS + DTT
treatment increased the mobility and reduces the levels of full-length mutant htt, but no N-terminal fragment was detected. C, effects of denaturing in 8 murea
on native htt and formation of 180-kDa mutant htt fragment are shown. Lysates were treated with 8 m urea + DTT (100 mm) for 30 min before loading for BNP.
The 180-kDa mutant htt (small arrow) increases in the presence of 8 m urea + DTT. Htt fragments of about 140 and 160 kDa (arrowhead) are present in control
brain lysates in the presence of 8 m urea + DTT. D, effects of trypsin digestion on native htt are shown. Brain lysates were pretreated with 0.1 mg/ml trypsin for
20 min before BNP. The Western blot shows increased migration and loss of full-length WT and mutant htt (arrow) and a marked increase in the levels of the
N-terminal mutant htt domain (arrowheads). E, shown are the effects of trypsin digestion and analysis by SDS-PAGE and Western blot with anti-htt Ab1
antibody. Control and HD brain lysates were incubated in trypsin for time periods indicated. Increasing the incubation time in trypsin increases the levels of
N-terminal fragments of WT and mutant htt. F, Coomassie dye was omitted or added to control and homozygous HD brain lysates before BNP. Two exposures
of the film are shown. Short exposure, the presence of Coomassie dye slows migration of full-length htt (arrowhead and open arrowhead). Long exposure, the
absence of dye increases the migration of htt and raises the levels of the N-terminal mutant htt band at 180 kDa (arrow).

using BNP contained only intact full-length WT and mutant Thus, the 180-kDa mutant htt band was replaced by smaller htt
htt. At the position where the 180-kDa band migrated in the fragments after SDS-PAGE.

one-dimension BNP, the two-dimension SDS-PAGE showed Analysis of Native Mutant htt in HD Mouse Models—BNP
abundant mutant htt bands migrating at about 43-50 kDa (Fig.  analysis of human homozygote HD brain revealed a 180-kDa
4). Low levels of WT htt fragments migrated at around 40 kDa. ~ N-terminal domain in homozygous HD brain when examined
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FIGURE 4. Biochemical analysis of human brain htt using two-dimension BNP and SDS-PAGE. Western blots were probed with Ab1 antibody, and 10 g
of protein was loaded per lane. Approximate molecular mass is indicated on the /eft. Brain lysates were separated in BNP (the first dimension (7-D)), and the gel
strip containing the separated proteins was used as the source of protein for the SDS-PAGE (second dimension (2-D)). The Western blot at the top shows a
one-dimension BNP as an illustration to show the migration of htt complexes in BNP. The lanes on the left of each panel (brackets) were loaded with the same
brain lysates and were separated only by SDS-PAGE. Full-length htt from one dimension migrates to the levels of monomeric htt in the second dimension at
around 350 kDa. There was a marked loss of full-length mutant htt compared with WT htt in the transfer from one to two dimensions. Some WT htt was detected
at the 72-kDa marker (small single asterisk). The 180-kDa mutant htt band seen by BNP (small double asterisk) was not detected in the two-dimension blot.

Instead, there is a large signal present at 43-50 kDa (large arrow).

by Western blot with Ab1 antibody (htt-(1-17)). To determine
if a comparable N-terminal domain could be detected in the
brain of HD mice, we examined native htt complexes in brain
lysates from HD'**?1%°Q mjce and BACHD mice. The HD
homozygous mice have a human exon 1 with 140Q inserted
into mouse huntingtin gene. The BACHD transgenic mice
express human htt with 97 glutamines and the endogenous
mouse htt. Similar to htt in human brain, full-length htt in the
HD mice migrated as broad bands of high molecular mass when
detected with Ab1 antibody (Fig. 5). Mutant htt bands migrat-
ing at 180 and 240 kDa in the HD'**/*°Q mjce and at 180 and
200 kDa in the BACHD mice were detected only after brain
lysates were treated with 8 M urea + DTT (Fig. 5, A and C).
Antibody Ab585 (htt-(585-725)) also recognized an N-termi-
nal htt band after treatment with 8 m urea + DTT, but antibod-
ies MAB2166 (htt-(443—457)) and Ab1173 (htt-(1173-1196))
did not (Fig. 5B). These data suggested that 8 Mmurea + DTT was
effective in unfolding native mutant htt and generating cleavage
of an N-terminal domain. Results also suggest that the N-ter-
minal domain includes the epitope recognized by Ab585 anti-
body (amino acids 585-725); a modification in htt may prevent
detection of the N-terminal domain by monoclonal MAB2166.

Analysis of Native Mutant htt in HD'*°?"*°? Primary
Neurons—In recent studies we showed that primary embryonic
cortical neurons from homozygous HD'** !9 mice develop
elevated levels of reactive oxygen species at day 8 in vitro and
increased cell death at day 10 in vitro compared with WT pri-
mary cortical neurons (23, 36). The HD'**?/'*°Q peurons in
culture do not show visible signs of aggregates using anti-htt
antibody.®> We examined lysates of WT and HD'**?/1%°2 pri-
mary neurons using BNP and SDS-PAGE followed by Western
blot analysis for detection of htt with antisera Ab1. At days 5, 8,
and 10 in vitro only full-length WT and mutant htt were
detected using native and denatured conditions (Fig. 6, A and

3 E.Sapp, A. Valencia, X. Li, N. Aronin, K. B. Kegel, J.-P. Vonsattel, A. B. Young, N.
Wexler, and M. DiFiglia, unpublished data.
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B). Even if higher than normal protein concentrations were
used for BNP (50 ug instead of 10 ng), no N-terminal mutant
htt bands were detected in the cultures (Fig. 64, top and middle
panels). Moreover, the addition of 8 M urea + DTT did not
generate a detectable cleavage product of native mutant htt in
the HD'**?1%°Q primary neurons (Fig. 6A) even though the
denaturing treatment was effective in reducing GAPDH from
an oligomer to a monomer (Fig. 6A, bottom panel). In parallel
cultures, we confirmed using the MTT assay that the viability of
the HD'*°¥149Q peyrons was reduced compared with WT
neurons (results not shown). Thus native full-length mutant htt
in embryonic primary HD**°?*°Q pneurons remains intact if
cell lysates are exposed to denaturants before BNP or if cell
death has occurred in the cultures.

DISCUSSION

Biochemical analysis of huntingtin in human postmortem
brain has been evaluated previously using denatured condi-
tions. These findings show intact protein and htt fragments
containing the polyglutamine tract (44). Here, we sought to
detect htt in human and mouse brain under native conditions.
Because huntingtin partly associates with membranes, we used
the method of Blue Native PAGE (25, 45). This method has
been found to improve the resolution of native membrane pro-
tein complexes. Adding Coomassie Brilliant Blue to protein
lysates and to the running buffer creates a net negative charge to
protein surfaces and to the cathode buffer, which is at neutral
pH. Proteins migrate to the anode independent of intrinsic pl.
Hydrophobic proteins such as those in membranes avoid each
other, thereby reducing protein aggregation and improving the
resolution of native complexes.

Native full-length htt in human brain was detected by West-
ern blot with nine anti-htt antisera made to regions spanning
the entire protein. Native htt migrated over a broad molecular
mass range of 575-850 kDa for WT htt and 650 — 885 kDa for
mutant htt. As also observed using SDS-PAGE, the migration of
mutant htt using BNP was slowed by the presence of the poly-
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FIGURE 5. Western blot analysis of native htt from brain of two HD mouse models expressing full-length mutant htt-effects of denaturing with 8 murea
+ DTT. Brain lysates from cortex were prepared from WT and HD knock-in 140Q/140Q mice (A and B) and from WT and BACHD mice (C) and examined by BNP
and Western blot. Lysates (10 ng) were untreated or pretreated with 8 m urea + DTT for 30 min (A-C) or 90 min (A) before BNP. Western blots in A and C were
probed with Ab1 (anti-htt1-17) and with MAB2166, Ab585,and Ab1173 in B (see Fig. 1 for the epitopes for these antisera). A, in the presence of 8 M urea + DTT,
N-terminal htt bands at 180 and 240 kDa (arrows) appear in homozygote HD brain but not WT brain. Levels of the bands in HD brain lysates were not different
if incubations in 8 M urea + DTT were 30 or 90 min. In B antibody Ab585 detected an N-terminal band (arrow) in the presence of 8 m urea + DTT, but Ab2166
and Ab1173 do not. In G, two N-terminal htt bands migrating at 180 and 200 kDa (arrows) were detected in BACHD lysates treated with 8 m urea + DTT.

glutamine tract. Recombinant WT htt migrates in native PAGE
as a monomer at about 550 kDa and as a dimer at an undeter-
mined size well above the 669-kDa marker (8). Htt purified
from brain was reported to be dimeric (8, 46). In our study of
brain lysates using BNP, we did not observe discrete native htt
bands corresponding to monomer and dimer, and the molecu-
lar mass is more consistent with a monomer. Pretreatment with
denaturants did not markedly affect native htt migration. How-
ever, the molecular masses for full-length WT htt (540 -1120
kDa) and for full-length mutant htt seen with long exposures of
the Western blot films (615-1270 kDa) spanned a broad range
and, therefore, might include monomeric and dimeric forms.
Moreover, BNP analysis of in vitro translated htt-(1-969)
resolved monomeric and dimeric forms, which suggested that a
dimer interface in htt may occur between amino acids 552 and
969. Alternatively, the broad range in molecular mass of native
full-length monomeric htt in brain may be due to the presence
of modifications in the monomer such as phosphorylation and
acetylation that modify htt migration. We confirmed by a sec-
ond-dimension SDS-PAGE after BNP that the signals for native
full-length WT and mutant htt did not form complexes with
smaller N-terminal htt fragments. We were surprised that few
native htt fragments were detected in brain. This was not a limit
of the BNP/Western blot methods as we were able to detect in
vitro translated products of htt-(1-552)-18Q, htt-(1-969)-18Q,
and htt-(1-969)-100Q as well as htt1-3144 (full-length).
Remarkably, exposure of brain lysates to trypsin had relatively
little effect on native htt even though there was marked htt
proteolysis detected in denatured conditions.

Native full-length mutant htt but not WT htt was detected
with three antisera sensitive to the expanded polyglutamine
region. Antibody 3B5H10, unlike the other two antisera (MW1
and MAB1574), does not detect mutant htt aggregates in cells

APRIL 13,2012+VOLUME 287+-NUMBER 16

but does recognize a soluble mutant htt monomer that is asso-
ciated with cell death in vitro (15, 16). Antibody MW8 recog-
nizes an epitope outside of the polyglutamine tract (amino acids
83-90). By SDS-PAGE and Western blot antibody, MW8
detects insoluble mutant htt in the stacking gel and a neo-
epitope of a mutant htt fragment (40). MW 8 also labels fibrillar
aggregates by immunostaining methods (47). In our analysis of
human HD brain, MW8 recognized native full-length WT and
mutant htt monomer weakly compared with the other antisera
and did not detect a fragment of native mutant htt. Antibody
Ab1 robustly recognized native WT and mutant htt in our
study. This antibody is known to recognize soluble diffuse
mutant htt and globular oligomers but not fibrillar forms of
mutant htt (32, 48, 49).

Despite their distinct affinities for various forms of mutant
htt, all of the antisera mentioned above detected a signal on
Western blot for the native full-length mutant htt at the size
reported for monomeric htt. None of the antisera detected sig-
nal at the top of the blot that would be evidence of protein
failing to migrate into the gel during native PAGE. Native
mutant htt also migrated to its usual position when examined in
a resuspended pellet fraction of HD brain lysates. The absence
of SDS in PAGE would be expected to diminish mutant htt
solubility compared with WT htt and reveal slowly migrating
insoluble protein. Instead, it appears that the methods for BNP
minimize the aggregation of mutant htt compared with
SDS-PAGE.

BNP analysis revealed a prominent mutant htt band at about
180 kDa in soluble fractions of human HD brain and a corre-
sponding fragment of 160 kDa at much lower levels in control
brain lysates. The 180-kDa mutant htt band in human HD brain
increased markedly in soluble fractions compared with mem-
brane fractions and also when denaturants (SDS, DTT, or urea)
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FIGURE 6. Western blot analysis of primary cortical neurons from WT and HD"#°?'4°2 embryonic mice. Recent studies from our laboratory show that
neurodegeneration occurs in HD'*°?'°2 primary neurons compared with WT neurons at 10 days in vitro (DIV) (23, 36). Cultures were prepared from embryos
as described under “Experimental Procedures” and harvested at 5, 8, and 10 days in culture. Lysates were prepared for BNP (A) and SDS-PAGE (B), transferred
to membranes, and probed by Western blot with antibody Ab1 (htt-117), then re-probed with antibody against GAPDH (A) or BllI-tubulin (B). Parallel cultures
from the same embryos were used for MTT assay as described in our recent studies (23, 36). Reduced survival of the HD'#°?"4°? heurons compared with WT
neurons was confirmed in the 10-day old HD cultures. A, shown is BNP and Western blot analysis of neuronal lysates that were untreated or treated with 8 m urea
+ DTT and loaded at 10 ug/lane (top panel) or 50 ug/lane (middle panel). The open arrow indicates the top of gel. Lysates examined at low or high concentra-
tions and pretreated with 8 m urea + DTT showed no N-terminal mutant htt bands even at 10 days in vitro when neurodegeneration is detected. GAPDH was
reduced to a monomer (open arrowhead, at about 37 kDa) with treatment of 8 m urea + DTT (bottom panel). Native wild-type and mutant htt migrated into the
gelin top panel.In the middle panel, although there is 5-fold more protein loaded, most of the htt migrated to its usual position. The location of native molecular
mass markers from 66 to 669 kDa is shown on the left. B, SDS-PAGE and Western blot analysis of cell lysates (10 wg/lane) shows the presence of full-length WT
and mutant htt and the absence of N-terminal htt fragments in the neurons. Mutant htt migrates more slowly than WT due to polyglutamine expansion. Some
of the increase in signal for htt and Blil-tubulin with days in culture is due to the growth of the neurons. The location of molecular mass markers from 34 to 170
kDa is shown on the left.

were added to the lysates. In contrast, the WT band was weakly
detected in soluble fractions and also after treatment with 8 m
urea + DTT. These results suggest that an unstable form of
soluble full-length mutant htt is present in the HD brain. Mem-
brane association may stabilize mutant htt and reduce the levels
of unstable conformers compared with soluble htt. Study of
Na"K"-ATPase unfolding by urea showed that the cytoplas-
mic domain was more sensitive to urea than the transmem-
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brane domain (50). It is possible that dissociation of the N-ter-
minal domain in mutant htt occurred during the process of
separation in BNP. Even if this is the case, the tendency of full-
length mutant htt to undergo cleavage of its N-terminal domain
more than WT htt is a measure of instability.

Analysis of human brain lysates using a first dimension BNP
and second dimension SDS-PAGE showed that WT and
mutant htt were degraded to small fragments during SDS-
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PAGE. The levels of the small fragments were much greater for
mutant htt than WT htt, suggesting that mutant htt is less sta-
ble than is WT htt during SDS-PAGE. Seong et al. (20) exam-
ined purified WT htt by SDS-PAGE and found only intact full-
length htt. However, briefly exposing WT htt to trypsin
produced an N-terminal segment of about 150 kDa; longer
exposure yielded a fragment of 60 kDa. Seong et al. (20) pro-
posed that a flexible domain in WT htt is released by trypsin
digestion at amino acids 1184 —1250. In another study, recom-
binant purified WT htt was found to be sensitive during prep-
aration to cleavage at about amino acids 632, resulting in the
presence of an N-terminal 100-kDa fragment (8). These find-
ings suggest that native WT htt is relatively stable unless
exposed to exogenous proteases. In our study of human brain,
BNP and Western blot analysis with antibody Ab1 (htt-(1-17))
revealed more N-terminal mutant htt fragment (180 kDa) com-
pared with WT htt fragment (160 kDa). Native mutant htt,
being in a partially unfolded state compared with WT htt, may
be prone to expose protease-sensitive sites and thereby have an
increased susceptibility to cleavage by an endogenous protease.
The addition of an aspartyl protease inhibitor or a calpain
inhibitor to HD brain lysates before BNP did not affect htt pro-
teolysis. However, we found that treating HD brain lysates with
trypsin before BNP increased the abundance of the 180-kDa
mutant htt band seen by Western blot. We suggest that a tryp-
sin cleavage in htt generating the 180-kDa band occurs between
amino acids 670 and 880. This is based on our analysis of the
migration of in vitro translated htt fragments and a report that
this region in htt has trypsin-sensitive sites (51). It is possible
that the protease cleaving mutant htt during BNP is released
from an internal cellular compartment during the preparation
of brain lysates for BNP. Another possibility is that the cleavage
is by autoproteolysis through a conformation-dependent event
as described for some other proteins (52).

The native mutant htt fragment detected in human HD
brain was more robust in tissue from homozygotes than
heterozygotes possibly due to higher levels of mutant htt in
homozygotes. Htt fragments were also observed in brain
lysates of HD'*°Q/4%Q mice and BACHD mice but only after
treatment with 8 Murea + DTT. In addition to antibody Ab1,
antibody Ab585 also detected an N-terminal mutant htt
band in HD'*°?%Q mouse brain lysates treated with 8 m
urea + DTT. However, a fragment was not detected in pri-
mary HD'*19Q neurons with antibody Abl even after
denaturing with 8 M urea + DTT. These results suggest that
the ability to detect a cleavage product of unstable mutant
htt may depend on the antibody and the levels and source of
full-length mutant htt.

In summary, our biochemical analysis provides support that
soluble native full-length mutant htt can be detected as a mon-
omer in human HD brain and that compared with WT htt it is
less stable and more prone to release its N-terminal domain by
an as yet unknown process. The results from human homozy-
gotes confirm the identity of the expanded huntingtin as the
unstable species in the HD brain as no WT htt is present.
Because full-length mutant htt from brain lysates of two HD
mouse models showed the same characteristic of instability as
that seen in human brain lysates, it should be possible to
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address experimentally if partially unfolded mutant htt has a
pathogenicrole. Although WT htt was more stable than mutant
htt under the conditions we examined, a more extensive analy-
sis of human brain samples would be required to know if there
are other factors independent of polyglutamine expansion in
htt such as other disease states that can alter the stability of WT
htt. It is unclear if the N-terminal domain released from par-
tially unfolded mutant htt is functionally important or harmful.
However, our analysis of embryonic primary neurons from
HD"0149Q mice suggests that the presence of the full-length
mutant protein is sufficient to cause the death of HD**0/140Q
neurons in vitro. BNP appears to be a sensitive method for
detecting native monomeric full-length mutant htt in human
HD brain with different antisera and may prove useful for track-
ing the presence of conformations of mutant htt that are
pathogenic.
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