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Sequential extraction of post mortem brains to enrich for aggregated 
huntingtin protein.  
Brain homogenate (10% w/v; total protein (TP)) was extracted with mild detergent 
(0.5% Triton X-100) (supernatant: W1), after which the pellet (P) was ultracentrifuged 
in sucrose buffer (supernatant: W2), digested with DNAse in high salt and washed 
with cold 0.5% sarkosyl wash (W3).  
 
a. Silver-stained 4-20% SDS-PAGE gel of consecutive fractions (see bottom) from a 
schizophrenia (SCZ) and two Huntington disease brains (HD-5034 and HD-5137); 
note the [mg] brain equivalents in each lane. The gel shows decreased protein 
complexity through subsequent fractionation steps since corresponding bands stain 
similar but with 100 fold less mg brain equivalents loaded when comparing starting 
material (TP) with final cold sarkosyl-insoluble pellet (P). 
 
b. idem as in a., but here Western blotted and stained with mAB MW1 against 
huntingtin (Ko et al., 2001, New anti-huntingtin monoclonal antibodies: implications 
for huntingtin conformation and its binding protein, Brain Research Bulletin 56: 319-
329). An enrichment of the aggregated huntingtin can clearly be seen. Arrows 
indicate polyglutamine huntingtin, other immunoreactive bands are cross-reactivity 
and/or degradation products. 
 
c. Western blot of transgenic R6/2 brains (lanes 7-12 ) and control littermates (lanes 
1-6) after sequential fractionation as follows: lanes 1 & 7, 10% homogenate; lanes 2 
& 8, supernatant after low speed pelleting; lanes 3 & 9, supernatant after sucrose 
gradient; lanes 4 & 10, supernatant after high salt / DNAse treatment; lanes 5 & 11, 
supernatant after cold-sarkosyl treatment; lanes 6 & 12, pellet after cold-sarkosyl 
treatment. The blot clearly shows enrichment of insoluble polyglutamine protein in the 
R6/2 mouse brain fractionation. Antibody: sheep anti-huntingtin (generous gift of 
Gillian Bates). 
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Western blots for dihydropyramidase related protein-2 (DRP2) on BA23 
homogenates as a measure for protein degradation in the brain (Franzen et al., 2003, 
Dihydropyrimidinase related protein-2 as a biomarker for temperature and time 
dependent post mortem changes in the mouse brain proteome, Proteomics 3: 1920-
1929). Cases correspond to those in Figure 1a and are marked S for schizophrenia, 
B for bipolar disorder, D for depression and N for normal controls. The about equal 
distribution of DRP-2 immunoreactivity and the absence of degradation fragments 
indicated comparable status of the homogenate starting material. Anti-DRP2 
antiserum was generated by immunizing a rabbit with KLH-linked peptide NH2-
R471KPFPDFVYKRIKARSRLAELRGVPRGLYDGPV503C-COOH and purifiying 
affinity-purifying the antiserum with the the same peptide crosslinked to sulfo-link 
sepharose (Pierce, USA). 
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Western blot of brain homogenates and cell lysates with DISC1 antiserum. H1, 
H2: two different brain homogenates, NLF: untransfected human neuroblastoma cell 
line, NLF/D: human neuroblastoma cell line transiently transfected with full length 
DISC1. The antiserum can detect larger DISC1 species ≥ 100 kDa (arrow) in native 
NLF cells, transfected NLF cells, and brain homogenates when present, 
corresponding to full length DISC1. However, DISC1 species around ca. 72 kDa (*) 
are most consistently and abundantly present in brain homogenates (see also Figure 
1 and Supplementary material Figure 6b). 
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Full, uncropped Western blots for pellet (upper panels) and homogenates 
(lower panels) with DISC1 antiserum of the first 15 cases corresponding to 
Figure 1a. In addition, antibody staining control with full length, recombinant DISC1 
protein in a., designated  "rec" (200 ng/lane, overexposed film relative to DISC1 in 
pellet fractions). The blot shows that the ca. 72 kDa band is the major 
immunoreactive species in the insoluble fraction, and also in the homogenate. 
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Western blot comparison of polyclonal antibody FFD5 used in Figure 1 with 
polyclonal C2 antiserum generously supplied by Akira Sawa (Ozeki et al., 2003, 
PNAS 100:289f.). C2 antiserum raised against huDISC1 (601-854) was generally 
weaker than FFD5 raised against full length human DISC1. There is a general 
overlap between the two antisera, however, FFD5 recognizes some cases that are 
barely detected by C2; this may be due to the recognition of more epitopes by FFD5 
and, subsequently, higher immunoreactivity. 
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Western blot of BA23 pellets with NRG1 antibody (sc-348, Santa Cruz 
Biotechnology, USA). Insoluble proteome fractions as in Figure 1a, S = 
schizophrenia, D = depression, B = bipolar disease, N = normal control, H = internal 
homogenate loading control. The blot shows basically absent immunoreactivity 
except in the homogenate loading control. 
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Western blot of BA23 pellets stained with NDEL1 antibody (Abcam, UK). 
Insoluble proteome fractions as in Figure 1a, S = schizophrenia, D = depression, B = 
bipolar disease, N = normal control, H = internal homogenate loading controls. 
Complete absence of staining of the insoluble proteome, weak staining of the 
homogenate. 
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SDS-PAGE gels showing an overview of all purified recombinant proteins used in 
this study plus confirmation of their folding and oligomerization by CD 
spectroscopy and photochemical crosslinking. As shown in a. and c., refolded 
DISC598 can progressively self-associate to form cold-sarkosyl-resistant multimers: 
approximately 40% will gradually precipitate when concentrated to 80 µM and stored at 4 
ºC. The bulk of the resulting pellet does not dissolve upon resuspension and subsequent 
washing in ice-cold 50 mM HEPES pH 7.5, 1 mM EDTA, 0.5% N-lauroylsarkosine. 



However, aggregated DISC598 will slowly revert back to a mixture of dimers, oligomers 
and soluble multimers in the presence of 0.5% CHAPS, indicating that aggregates 
correspond to kinetically stable multimers rather than to a non-specific precipitate. The 
low (dimer) and high (oligo- and multimers) molecular weight species of DISC598 have 
essentially identical CD spectra, as measured directly after preparative SEC on a 
Sephacyrl S-75 26/60 column (Amersham). Therefore, DISC598 oligo- and 
multimerization in vitro is based on association between stably folded subunits.  
 
a. SDS-PAGE electrophoresis (Coomassie-stained) of bacterially-expressed DISC598, 
NDEL1, and DISC316. Left: 15% gel showing Ni2+-NTA agarose eluate after on-column 
refolding of His6-DISC598 (RF) and after tag removal by thrombin digestion (cut), 
followed by 0.5% sarksoyl wash (sark) of DISC598 precipitate (P). On same gel: Ni2+-
NTA agarose eluate of solubly expressed His6-NDEL1 (Ni) and after subsequent isolation 
of full-length His6-NDEL1 as a ca. 400 kDa complex by SEC. Note: the lower molecular 
weight species between 25 and 40 kDa remain part of the NDEL1 complex and cannot 
be removed under non-denaturing conditions. Right: 10% gel showing Ni2+-NTA agarose 
eluate after on-column refolding of His6-DISC316 (RF) and thrombin digestion (cut).  
 
b. All recombinant protein constructs used here, namely DISC598 (black solid line), 
DISC316 (grey solid line), and NDEL1 (black dotted line) are folded, as shown by far-UV 
circular dichroism (CD) spectroscopy. Whereas DISC316 and NDEL1 are predominantly 
alpha-helical, DISC598 contains mixed structure, estimated at 28% alpha-helix, 21% 
beta-sheet, 18% beta-turn and 33% random coil, according to spectrum deconvolution by 
CDNN. Protein samples were measured between 1 and 2.5 µM (monomer) in 10 mM 
NaPO4 pH 8, 0.2 mM EDTA at room temperature using a Jasco J-815.  
 
c. to e. Photochemical cross-linking of DISC598, His6-NDEL1 and DISC316, according to 
the method of Fancy and Kodadek (PNAS 1999, 96(11): 6020-6024), shown on 10% 
coomassie-stained reducing SDS-PAGE gels. Protein was crosslinked for 2-20 sec at 0.2 
mg/ml in 50 mM NaHCO3 pH 8.3, 300 mM NaCl. c. DISC598, d. His6-NDEL1, e. 
DISC316. For DISC598, we could see that its basic subunit is a dimer (ca. 60 kDa) that 
could associate into tetramers (ca. 120 kDa) and beyond, thus corroborating the 
dimer/octamer peaks observed in SEC profiles (Figure 4). For NDEL1, no discrete 
subunits were visible below 200-250 kDa, indicating that it forms a stable complex with 
>6 monomers. For DISC316, the basic subunit appears to be a trimer (ca. 180 kDa; also 
visible without crosslinking) that could form higher-order oligomers >250 kDa. 
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a. ESI-ToF spectrum of recombinant DISC598. A sample prepared as described in 
the Methods section was desalted using C-18 Zip-TipsTM (Millipore), eluted with 50% 
ACN and 0.1% formic acid, and anayzed by FIA on a Bruker Microtof ESI-TOF mass 
spectrometer (Bruker Daltonics, Billerica MA). Deconvolution of the multiply charged 
spectrum provided a mass value of 29285.75 Da (theoretical value 29286.42 Da, 
which includes Gly-Ser at the N-terminus due to thrombin cleavage of the tag). 
  
b. MALDI-Tof spectrum of His6-NDEL1.  NDEL1 was desalted using C8 CleanProt 



magnetic beads (CleanProtTM, Bruker Daltonics) according to the manufacturer’s 
instructions. The sample was eluted with 50% ACN and 0.1% Trifluoroacetic acid 
(TFA); 1ul of the eluate was mixed with an equal volume of a saturated solution of α-
CHC in acetonitrile and 0.1% aqueous TFA (1:2). One microliter of the mixture was 
spotted onto a Bruker sample plate, allowed to air-dry, and analyzed using a Bruker 
Autoflex MALDI-Tof mass spectrometer in lineal mode. The laser frequency was 25 
Hz; pulsed ion extraction was set at a value of 140-150 ns. Repeated laser shots, 
typically 25-30, were averaged. The spectrum contained a major peak with an m/z 
value of   and a smaller peak with an m/z value of 80228.44 Da and a smaller peak 
with an m/z value of 40351.04 Da which corresponds, within instrument error, to the 
NDEL1  MH+ monomer (theoretical value = 40401.04). The major peak corresponds 
to a NDEL1 dimer. Although non-specific artifactual aggregation during desorption 
and ionization of the sample cannot be ruled out, this result is suggestive of a 
tendency of NDEL1 to form tight oligomers which resist, at least in part, laser-induced 
dissociation that precludes detection of protein non-covalent interactions in typical 
MALDI experiments (Yanes et al., 2006, Detection of non-covalent complexes in 
biological samples by intensity fading and high-mass detection MALDI-TOF mass 
spectrometry. J. Proteome Res. 5:2711-2719). Whether the detected dimers 
represent a predominat species or appear as a consequence of dissociation of 
tetramers is difficult to be concluded, since the high molecular weight of teramers 
(>160.000) would make detection very unlikely. Of note, aggregability precluded 
analysis by ESI-Tof. 
 
 
 


