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Biological context

The Human neurospecific  PACSIN1  or
Phosphoprotein Protein Kinase C and Casein Kinase
substrate in neurons protein 1, which is also known
as syndapin I (synaptic dynamin-associated protein),
plays a central role in synaptic vesicle recycling and
endocytosis, and reorganization of the microtubule
and actin cytoskeleton (Modregger et al. 2002;
Qualmann et al. 1999; Anggono et al. 2006).
PACSINI comprised of 458 amino acid residues is
typically found along neurites and within the
synaptic boutons. In eukaryotes, PACSINI has two
isoforms, PACSIN2 and 3, showing a wide tissue
distribution (Modregger et al. 2000). PACSIN2 is
ubiquitously expressed, PACSIN3 is present mainly
in skeletal muscles, heart and lung, while PACSIN1
is found exclusively in the Central Nervous System
(CNS). The divergence of the three isoforms spatial
expression mirrors fine-tuning in their specificity in
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recruitment of other proteins involved in endocytosis
(Modregger et al. 2000; Kessels et al. 2004). All
isoforms share a highly conserved Fer-CIP4
homology-BAR (F-BAR) at its N-terminus
(Qualmann et al. 2011), which consists of a 3-helix
bundle and has been shown to mediate and/or
stabilize membrane curvature (Rao et al. 2010;
Wang et al. 2009). All PACSIN isoforms contain an
SH3 domain at their C-terminus that has been shown
to bind specific partners. SH3 domains bind proline-
rich sequences, particularly those carrying a PxxP
motif that exhibits a left-handed polyproline II (PPII)
conformation (Miyoshi-Akiyama et al. 2001;
Musacchio et al. 2003; Luo et al. 2016). Within the
brain, the PACSIN SH3 domain has been shown to
have numerous synaptic proteins as interacting
partners. These include: GTPase dynamin 1
(Qualmann et al. 1999; Anggono et al. 2006),
synaptojaninl (Luo et al. 2016), synapsinl (Kim et

Figure 1 (A) 3D BEST-HNCO and HN(Ca)CO allow the sequential assignment of the signal detected in the HSQC spectrum of PACSIN1 SH3. Strip plots of BEST-HNCO and
HN(Ca)CO spectra at the same 'H and >N frequency are shown in red and cyan, respectively. The assignment resonances for residues L10 to G15 are indicated. (B) 900 MHz
['H,"N]-HSQC spectrum of PACSIN1 SH3 domain at neutral pH showing the resonance assignment obtained. (C) Secondary structure prediction using TALOS-N (Shen et al.
2013; Shen et al. 2015). The confidence values for regions predicted to be -strands in black (note that no a-helixes were found in this analysis) are plotted against the sequence.
Also represented in blue are the predicted order parameter (S?) based on the chemical shifts. S? values closer to zero indicate higher dynamics for the given amino acid. The
locations of the -strands are shown (grey rectangles), which were obtained using a modelled structure obtained with Modeller (Sali et al. 1995) based on a sequence homology
with known related structures. It took advantage of the crystal structure PDB: 2X3W, which has an 88% sequence identity with PACSIN1 SH3. (D) The ¢ (light grey line) and
1 (dark grey line) values are plotted for each amino acid. These values were predicted by TALOS-N based on the chemical shift data.



al. 2002), Tau (Liu et al. 2012), N-WASP (Fdez et
al. 2007) and mSOS (Wasiak et al. 2001).
Furthermore, in vitro and in vivo binding
experiments demonstrated that PACSINI forms a
complex with Huntingtin (HTT), whose pathological
forms are found aggregated in Huntington Disease
(HD) (Li et al. 2004). Normal functions of HTT
have been the subject of intense investigations,
which revealed an important role in neuronal
homeostasis and survival, as it was found to be vital
during early embryogenesis and development of the
CNS (MacAdam et al. 2020; Liu et al. 2017).
Whether the neurodegeneration observed in the adult
brain is a consequence of developmental failings, or
whether HTT reveals essential additional functions
in the adult brain is worth further investigations.
PACSIN1 was identified to form a complex
including the HTT protein by binding the proline
rich region in HTT, via its SH3 domain (Li et al.
2004; Qin et al. 2004). Interestingly the interaction
is dependent on the length of HTT polyglutamine
tract (Ritter et al. 1999), which is well known to
modulate aggregation propensity in HTT. Also
reported, is the pathological mis-localization of the
PACSINIT/HTT complex in early-stage HD patients,
coupled with an early impairment of PACSINI1
function (Modregger et al. 2002). This suggests a
role of PACSINI in early neuronal evolutions
seemingly through deficiency of endocytosis.
Interestingly, the two other isoforms, PACSIN2 and
3 which show a wider tissue distribution including
the brain, do not however interact with HTT
(Modregger et al. 2002; Gao et al. 2006; Ritter et al.
1999). This is startling, as PACSIN1 and 2 differ
from their isoform 3 by only two non-conservative
substitutions in their 62 amino acids SH3 domain
chain.

We have initiated NMR studies of the SH3 domain
of Human PACSIN1 towards better understanding
the interactions with the proline-rich region of HTT,
aiming to elucidate the molecular basis of specificity
among PACSIN SH3 domain isoforms. Here, we
present 'H, *C and N assignment and chemical
shifts-based predictions of the secondary structure of
PACSINI SH3 in solution.

Methods and experiments

Expression and purification of [N]- and ['°N,B3C]-
labeled SH3 of PACSIN1. The cDNA coding for
Human PACSIN1 SH3 fused to a C-terminal HIS
tag, was cloned into the pET 15b vector.
Transformed BL-21(DE3) bacterial cells were
grown in M9 medium containing ampicillin and salts
with ['*N] ammonium chloride (1 g/1) and [*C] (or
['?C]) glucose (2 g/l) (Cambridge Isotopes,
Cambridge, MA), as sole nitrogen and carbon
sources. Nickel-sepharose and Superdex 75 size-
exclusion columns were successively used for
protein purification prior to lyophilization. Samples

for NMR measurements consisted of 300 puM protein
solution in 50 mM sodium phosphate and 50 mM
NaCl (pH 74). 10% D,O was added for field
locking, and 0.001 % TMSP for 'H spectral
referencing.

NMR data acquisition and processing Final
volume of 330 pL were placed in 5 mm Shigemi
tubes. All NMR spectra were recorded at 283 K
using a Bruker AVANCE III HD 600 MHz
spectrometer  equipped  with a  CPQCI
('H, BN, 3C, '°F) cryo-probe, or a Bruker AVANCE
NEO 900 MHz spectrometer equipped with a
CPTCI  cryoprobe. The  sequence-specific
assignment was based on 2D ['H,SN] HSQC or
HMQC, and 3D BEST-HNCO, -HNCACB, -
HN(CO)CACB, -HN(CA)CO, and standard
(H)CC(CO)NH, HN(CA)NNH, HN(COCA)NH,
HBHANNH, HNHA, HBHA(CO)NH,
H(CC)(CO)NH, HCCH-TOCSY pulse-sequences.
The chemical shifts were measured relative to TMSP

for 'H (Vrmse). Data were transformed and processed
using NMRPipe (Delaglio et al. 1995) and gqMDD
for acquisitions with Non-Uniform Sampling
(Mayzel et al. 2014) and analyzed using CCPN
analysis suite software (Vranken et al. 2005).

Extent of assignments and data deposition for
PACSIN1 SH3 domain As can be seen from the
strip plots of the BEST-HNCO (red) and HN(Ca)CO
(cyan) in Figure 1A, the signal-to-noise of the
spectra is good. This allowed for the resonance
assignment detected in the ['H,”N]-HSQC
illustrated Figure 1B, based on multidimensional
NMR experiments.  Backbone and side-chain
sequence-specific assignment was completed at 96%
for all *CO, C, and *Cg, 28% of *C,s¢, and 95% of
'HN and N chemical shifts.

Secondary structure predictions and modelling

The ensemble of backbone chemical shifts (3C,,
13Cg, 3CO, N and 'HN) of PACSIN1 SH3 were used
to estimate the secondary structures based on
TALOS-N (Shen et al. 2013; Shen et al. 2015)
predictions of backbone ¢ and 1 dihedral torsion
angles. The analysis showed the presence of five f3-
strands (P31 3-8, $.27-30, B3 39-43, B4 48-51, and f3s
56-58) predicted with high confidence, with no
evidence of o-helical conformation (Fig 1C).
Moreover, we used Modeller (Sali et al. 1995) to
obtain a model of PACSIN1 SH3 domain based on a
sequence homology with known related structures.
We took advantage of the crystal structure PDB:
2X3W, which has an 88% sequence identity with
PACSINI1 SH3. Comparison of the PACSIN1 SH3
domain secondary structures observed in the 3D
model using ModBase (Pieper et al. 2011) with
TALOS-N secondary structure predictions show
good agreement (Fig 1C, bottom), with the presence
of five 3-strands linked by flexible loops. Moreover,



we elucidated the backbone dihedral ¢ and v angles
on the basis of the 3C shifts, Figure 1D, clearly
suggesting that PACSIN1 SH3 domain is dominated
by [-sheets.

A table of the assigned chemical shifts has been
deposited into the Biological Magnetic Resonance
Database Banks (http://www.bmrb.wisc.edu/) under
the BMRB ID: 50126.
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