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SYNOPSIS

Two missense mutations, R33Q and L167H, of the muesdiac calsequestrin (hnCASQ2), a
protein segregated to the lumen of sarcoplasmicutatn, are linked to the autosomal recessive
form of catecholaminergic polymorphic ventriculachycardia (CPVT). The effects of these
mutations on the conformational, stability and®Caensitivity properties of hCASQ2, were
investigated. Recombinant wild-type (WT) and mut@ASQ2s were purified to homogeneity and
characterized by spectroscopic (circular dichroiamd fluorescence) and biochiemical (size-
exclusion chromatography and limited proteolysigtmods at 500 and 100 miM KCI, with or
without C&" at physiological intra-luminal concentration ofiM; C&*-induced polymerization
properties were studied by turbidimetry. In the esfz® of C&, mutations did not alter the
conformation of monomeric CASQ2. For L167H only, 180 mM KCI, emission fluorescence
changes suggested tertiary structure alteratiomsitdd proteolysis showed that amino acid
substitutions enhanced the conformational flexypilof CASQ2 mutants, that became more
susceptible to tryptic cleavage, in the order LI6TRB3Q> WT. One mM Ca amplified such
differences: C& stabilized WT CASQ2 against urea denaturation @yptic cleavage, whereas
this effect is reduced in R33Q and absent in L16Wkreasing [C&] induced polymerization and
precipitation of R33Q but not that of L167H whictasvinsensitive to G4 Based on CASQ2
models, we propose that the Arg3&In exchange made the Calependent formation of front-to-
front dimers more difficult, whereas the Leu16His replacement almost completely inhibited
back-to-back dimer interactions. Initial molecuéaents of CPVT pathogenesis begin to unveil and
appear to be different depending upon the speCHEQ2 mutation.
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INTRODUCTION

Mammalian calsequestrins, low-affinity, high-cappdCa*-binding proteins, are thé product of
two different genes, the skeletal muscle isoforrA$Q1) and the cardiac muscle isoform (CASQZ2)
[1-3]. CASQ is segregated to the sarcoplasmic uktio (SR) lumen and is detected as electron-
dense filamentous matrices apposed to the jundtiBRa membrane [4,5]. These matrices are
composed of linear polymers formed by CASQ monomems dimers -at millimolar Ga
concentrations [6,7]. Due to their proximity to tly@anodine receptor 2 (RyR2), CASQ matrices are
thought to provide the pool of &anecessary to trigger myocyte contraction [3]. His tregard,
polymeric CASQ represents the high capacity*@anding form of the protein that binds at least
twice as much Ca as monomeric CASQ [7,8]. In addition to servingaa€a" sink, CASQ2 has
been shown to regulate RyR2 activity directly viatpin-protein interactions involving triadin and
junctin [9]. In particular, CASQ2 appears to medithe responsiveness of the RyR2 channel to
luminal C&* by serving as luminal Gasensor [10]. CASQ2, thus appears to act as ansitrand
extrinsic regulator of G4 release, by modulating RyR2 activity and bufferingaluminal C&",
respectively [11].

Both intrinsic and extrinsic CASQ2 functions affeeted by non-covalent polymerization
of CASQ2 monomers into insoluble, high-capacity ‘@@und forms. CASQ contains an unusually
high number of acidic amino acids and its structisrecharacterized by the presence of three
thioredoxin-like domains arranged to form a difelshape [6,7,12]. Polymerization of CASQ is
regulated by the opposite action of?Cand K [6,13]. In particular, C4 promotes aggregation,
whereas K inhibits C&*-induced polymerization of CASQ by competing, askein part, with the
same binding sites on the protein surface [14-Béth C&" and K induce a more compact
conformation in CASQ but, at variance from”Ga&" is not able to cross-bridge CASQ molecules
into linear polymers [17,18]. Light scattering d§t8] indicate that at 500 mM KCI canine CASQ2
exists almost exclusively as a monomer, wherea3p@tmM KCI, addition of 1 mM Cagleads
mainly to the formation of dimers. Further redustiom [KCI] to 70 mM and addition of 1 mM
CaCl promote formation of higher oligomers up to hexesndt has been proposed that gradual
increasing of [C&] first promotes CASQ folding and then leads to fixenation of front-to-front
dimers, stabilised through the insertion of theeegied N-terminal domain of one monomer into the
hydrophobic cleft of the adjacent monomer. Furtmarease in [CH] favours polymerization
through C&'-mediated cross-bridging of the dimers with a baekack orientation. Ga binding
would stabilize this orientation by abrogating élestatic repulsions between the negatively
charged C-terminal tail of the preformed dimerstha nascent CASQ polymer, the back-to-back
pairing of the dimers would be stabilized by fawahle electrostatic interactions between the
negatively charged “serine acidic hydrophobic” (9Asite, on one dimer, and the positively
charged “dibasic hydrophobic” (DHB) site on theethlimer [6,13]. This model is supported by
the crystallographic structures of CASQs [6,7,12] aalidated by biochemical data [13] showing
that deletion of the N-terminal domain resultsandom aggregation of CASQ, whereas truncation
of the C-terminal tail impairs oligomerization oASQ beyond the dimeric form [13].

Seven distinct mutations of the human CASQ2 geawse hoeen linked to the recessive
autosomal variant of catecholaminergic polymorphéntricular tachycardia (CPVT) [19-22], a
familial arrhythmogenic disorder characterized aghtyarrhythmias leading to syncope and sudden
cardiac death, typically occurring in young childréuring physical activity or emotional stress.
Initial ‘characterization of these mutations indéchthat they act by disrupting normal SR*Ca
handling thereby leading to premature recoveryRfC3t" release from a luminal &adependent
refractory state and causing spontaneous aftéf-Eansients and arrhythmogenic delayed after-
depolarizations (DADSs) [22-24]. R33Q and L167H, t@B@VT-related CASQ2 missense mutants,
have been recently characterized in our laborapR&83Q is derived from a CASQ?2 allele carrying
a mutation at nucleotide 98 (G98A) yielding the sitbtion of a glutamine for an arginine at
position 33 [21]; L167H is derived from a T500A ratibn, yielding the substitution of a leucine
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for a histidine at position 167 [22]. Upon transiéransfection, cardiomyocytes behave differently
depending upon CASQ2 mutant being produced: overession of R33Q increases SR*Ca
storage capacity and displays gain of function aéfeon SR CHd-release [21], whereas over-
expression of L167H is without any effect [22]. Hower, the pathogenetic relationship linking
mutations, structural changes of CASQ2s, spontanéati transients and arrhythmogenic DADs,
remains to be elucidated.

The goal of the present study was to investigage dffiects of the mutations R33Q and
L167H on the conformational and stability propestias well as on the €asensitivity of
recombinant wild-type human CASQ2. The presentctiral data indicate that the two point
mutations differently affect the stability and<aensitivity of wild-type CASQ2 and contribute to
unveil the initial events of the molecular pathogga of CASQ2-linked CPVT.
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EXPERIMENTAL

Expression and purification of recombinant CASQ2 poteins

Mutations in the human CASQ2 gene were introdugedding the QuickChange Mutagenesis Kit
(Stratagene), as detailed elsewhere [22]. CASQ2eim® were expressed from pET-5a-based
plasmids in BL21 (DE3JE.coli cells, to yield the recombinant proteins containgnmethionine at
N-terminal end. For production of large quantittdgecombinant proteins, fresh colonies carrying
the different constructs were inoculated into 500oMmLuria broth in the presence of ampicillin
(200 pg/ul) and 0.5% (v/v) glucose and grown under gentlaksig at 37°C. Expression of
recombinant proteins was induced by growing celistliree hours at 37 °C in the presence of 0.5
mM IPTG under constant shaking. Cells were hardeatel re-suspended (10 ml buffer/g of cells)
in 20 mM MOPS, pH 7.2, containing 5 mM DTT, 10 mN&EA, and 0.5 M NacCl, in the presence
of the protease inhibitors aprotinin (&/ul), leupeptin (2ug/ul), benzamidine (1 mM) and PMSF
(100 uM). Cells lyses was carried out in a French-préss Cycles at 130@) and centrifuged at
30000 xg for 20 min at 4°C; supernatant was collected andgssed as described in [22].

The supernatant was fractionated by hydrophobieraction chromatography (HIC)
[1,22,25], on a phenyl-Sepharose column (GE Heaitt)c equilibrated with the binding buffer
containing 20 mM MOPS, pH 7.2, 5 mM DTT, 10 mM EGTand 0.5 M NaCl. Under these
conditions, CASQ2 interact with phenyl-Sepharoskeigas other contaminants are eluted in the
flow-through. The column was extensively washednhwhinding buffer and then recombinant
CASQ?2 proteins were eluted with 20 mM MOPS;, pH B.20M DTT, 0.5 M NaCl 1 mM EGTA,
containing 11 mM CaGl CASQ2 fractions were pooled and dialysed ovemnighing a dialysis
cassette (Pierce) with a cut-off of 7 kDa, agalkGimM ‘MOPS, pH 7.2, 500 mM KCI, and then
stored at -20° C. CASQ2 concentration was estimatedioRad protein assay kit. Aliquots of
CASQ?2 deriving from HIC purification were equilitbea in the proper buffer at the desired ionic
strength by gel-filtration chromatography on a H®3D Superose-12 column (GE Healthcare)
eluted at a flow rate of 0.3 ml/min with 20 mM MORSH 7.2, containing 100 or 500 mM KCI.
Absorbance of effluent was monitored at 280 nm. Thacentration of CASQ2 samples was
estimated by measuring the absorbance at 280 nnmanddiately used for spectroscopic studies.
Experiments were carried out on three preparatafneecombinant wild-type CASQ2 and two
preparations each for R33Q and L167H.

The homogeneity of CASQ2 proteins was establishgdSBDS-PAGE and RP-HPLC.
Standard polyacrylamide gel electrophoresis inptiesence of SDS was performed using 10-17.5%
(w/v) acrylamide gradient gels [26Non-denaturing and non-reducing gel electrophoress
carried out using a modified Laemmli’s gel systeithaut SDS an@-mercaptoethanoRP-HPLC
analyses were carried out on @ @halytical column (4.6 x 150 mm, |n particle size, 300 A
porosity) from Grace-Vydac (The Separation Grodje column was equilibrated with 0.1% (v/v)
aqueous TFA and eluted with a linear 0.1% (w/w)-T&aetonitrile gradient at a flow rate of 0.8
ml/min. The absorbance of the effluent was recorde@26 nm. The chemical identity of the
purified protein was established by N-terminal sgge analysis on a protein sequencer mod. 477A
(Applied Biosystems) and by ESI-TOF mass spectronmat a Mariner instrument from Perseptive
Biosystems. Typically, protein samples (1@) were analysed by HPLC-MS, using a microbore (1
x 50 mm, 5um particle size) C4 column (Grace-Vydac) equilibchtin 5% (v/v) aqueous
acetonitrile-1% (v/v) formic acid and eluted in®lacetonitrile (1:1), containing 1% (v/v) formic
acid, at a flow-rate of 1pl/min. The nozzle temperature was set at 140°C thedelectrostatic
potential at 4.4 kV. The instrument was calibraisthg the standard protein kit from Sigma.

Purification of native CASQ2
Native CASQ2 was purified from rat heart accordiagestablished procedures [18]. Purity of the
preparation was monitored by SDS-PAGE and analy®#®aHPLC, as detailed above.
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Analytical Size Exclusion Chromatography (SEC)

The apparent molecular weight of CASQ?2 proteins asisnated by SEC on a HR10/30 Superose-
12 column (1 x 30 cm) equilibrated in 20 mM MOPSE, Pp.2, containing 100 or 500 mM KCI and
eluted with the same buffer at a flow rate of 0./&dmn. Absorbance of effluent was monitored at
280 nm. The column was calibrated using the lowetualar weight gel-filtration protein
calibration kit (GE Healthcare), The value of vaidiume (\p) and interstitial volume (Y were
determined by loading dextran blue (2 X kDa) and the dipeptide H-Tyr-Gly-OH.

Spectroscopic techniques

UV absorption. All measurements were recorded at 25°C in 20 mMA@®uffer, pH 7.2,
containing 100 or 500 mM KCI. Protein concentratiotas determined by ultraviolet (UV)
absorption at 280 nm on a Lambda-2 Perkin-Elmectspghotometer using a molar absorptivity
value of 45090 M x cmi'. Second-derivative absorption spectra were recomi¢he same buffer
containing 500 mM KClI.

Circular Dichroism. Circular dichroism (CD) spectra were recordedaodasco model J-
810 spectropolarimeter equipped with a thermostagtidholder, connected to a model RTE-111
(NesLab) water-circulating bath. CD spectra infdreUV region spectra were recorded in a 1-mm
pathlength quartz cell, at scan speed of 10 nm/osimg a response time of 16 s. The final spectra
resulted from the average of four accumulationgrdfase line subtraction. Near-UV spectra were
recorded in a 1-cm pathlength quartz cell, at sgmed of 50 nm/min, using a response time of 2 s.
The final spectra resulted form the average of déuaulations, after base line subtraction. CD
signal was expressed as the mean residue eliypticialculated with the formula®] =
Bobs MRW/(10 x | X ), wheré,s is the observed ellipticity in degree, MRW is tnean residue
molecular weigth, | is the optical pathlength in @nd c the protein concentration in g/mi.
Otherwise, only the base-line subtracted spectra veported.

Fluorescence and C& binding. Fluorescerice measurements were carried out as J
spectrofluorimeter model FP-6500, equipped witheHi® model ETC-273T temperature control
system from Jasco. Spectra were recorded in a fiathiength quartz cell, at a scan speed of 200
nm/min by exciting the protein samples at 280 nn29% nm with an excitation/emission slit of 5
nm. The effect of Cd on the fluorescence of CASQ2 proteins was moritdrg adding to a
solution of CASQ2 (2 ml, 0.uM) in 20 mM MOPS, pH 7.2, containing 100 or 500 nd{lI,
aliquots (2-5ul) of CaCk stock solutions (0.1-1 M) and recording the flsmence intensity at the
Amax @s a function of CA concentration. The protein solution was incubatedhe proper Ca
concentration for 1 min under gentle magneticistir Thereafter, protein samples were allowed to
equilibrate for 2 min and excited at 295 nm usimgexcitation/emission slit of 5 and 10 nm,
respectively. Fluorescence data were correcteddople dilution, that was always lower than 2%
at the end of the titration. The optical densitytloé solution at\ex was lower than 0.05 and
therefore no inner filter effect was observed. Bhi#aching due to photodegradation of Trp-
residues was found lower than 2%, even after pgadnlight exposure. Fluorescence data were
acquired with the Slow Kinetics software from Jasco

Urea stability. Urea-mediated denaturation of CASQ2 and its nistaras carried out at
25°C in 20 mM MOPS, pH 7.2, either 100 or 500 mMIKi@ the absence or presence of 1 mM
CaCb. The fluorescence intensity at thgax was recoded as a function of [urea]. Samples (400
of CASQ2 proteins (0.7uM) were added to 160Qul of urea solution at the appropriate
concentration. After 1-hour incubation, protein gées (2 ml, 150 nM) were excited at 280 nm,
using an excitation/emission slit of 5 nm. Revaligyoof the denaturation process was evaluated by
measuring the recovery of the fluorescence intgnggon 10-fold dilution of CASQ2 stock
solutions (1.5uM) in 8 M urea with non-denaturing MOPS buffer aintng 500 mM KCI. For
wild-type CASQ2, urea denaturation was also moaddoy measuring the CD signal of CASQ2
solution (2 ml, 0.22uM) at 222 nm, in the presence of 100 or 500 mM K®Gli,increasing urea
concentrations.
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Turbidimetric measurements. Measurements were carried out at 25°C on a deadsen
model Lambda-2 Perkin-Elmer spectrophotometer gupdpwith a thermostated cell-holder,
connected to a Haake model F3-C water-circulatiath.bC&"-induced aggregation of CASQ2
proteins was monitored by adding to a solution &8Q2 (2 ml, 2.25 uM) in 20 mM MOPS, pH
7.2, containing 100 or 500 mM KCI, aliquots (31§ of CaCl stock solutions (0.1-1 M). After
calcium addition, protein samples were gently stirfor 1 min and allowed to equilibrate for 2 min
and then OD at 350 nm was measured as a functif@ailh]. Absorbance values were corrected
for sample dilution (< 5% of the final volume) amdbtracted for the corresponding value of the
buffer alone.

Limited proteolysis

Proteolysis of CASQ2 proteins with TPCK-treated inevirypsin from (Sigma) was carried out in
20 mM MOPS, pH 7.2, either 100 or 500 mM KClI, i ghresence and absence of 1 mM GacCl
CASQ2 was incubated at 25°C at a protease:CAS@20h1:50 (w/w). At time intervals, aliquots
(8 pg) of the reaction mixture were taken and the reacitopped by addition of soybean trypsin
inhibitor (Serva), using a 1:1 (w/w) inhibitor: pgin ratio. Proteolysis digests were analysed by
SDS-PAGE. Polyacrylamide gelgere stained with Coomassie brilliant blue R25@(&1) or with

the cationic carbocyanine dye "Stains-éigma) [27]. The activity of trypsin was testeddanthe
specific salt conditions used (i.e., 500 or 100 rKRI, with or without 1 mM CaG) using the
chromogenic substrate S-2238 (Chromogenix), agitkeskc28].

Computational methods

The structure of R33Q and L167H mutants was modeiethe crystallographic structure of wild-
type human CASQ?2, solved at 3.8 A [12] and on tifatanineAC27 truncated form of CASQ?2,
solved at 2.6 A [7]. The side-chain conformationG#i33 and His167 was carefully modeled on
the lowest energy side-chain conformer [29], uding program WHAT-IF [30] run on an O2
workstation from Silicon Graphics.
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RESULTS AND DISCUSSION

Purification and chemical characterization of wildtype and mutant CASQ2 proteins
Recombinant wild-type and two mutants of human CASR33Q and L167H, were expressed in
E. coli cells [22] and purified by hydrophobic interactichromatography (HIC), according to
established procedures [1,25]. In the absence Bt CASQs tightly bind onto a phenyl-Sepharose
column, whereas addition of saturating Ga€incentration (i.e., 10 mM) determines their eluti
from the column in a highly homogeneous form, dermed by RP-HPLC analysis, as well as by
denaturing and non-denaturing/non-reducing PAGIg. (1). Only for R33Q, a minor component
was observed in the RP chromatographic ana(i#gs 1A) and in the non-reducing electrophoresis
(Fig. 1B, right panel, lane 6)as a weak band having higher molecular weightogaread).
Interestingly, this band disappears under reduanogditions (Fig.” 1B, left panel, lane 3)
suggesting that a disulfide-bridged dimer may bengad at the level of the single Cys53 of CASQ2.
The chemical identity of recombinant CASQ2 protewes established by N-terminal sequence
analysis and mass spectrometry (not shown).

CASQ?2 solutions were extensively dialysed overnagminst 20 mM MOPS, pH 7.2, 500
mM KCI, in order to remove G& and to prevent formation of CASQ2 aggregates, rofise
observed when dialysis was carried out at lower K@icentration (i.e., 100 mM). All CASQ2
proteins were further purified by size-exclusiomarhatography (SEC) on a Superose-12 column,
eluted in 20 mM MOPS, pH 7.2, 500 mM KCI. In anajdg the results obtained by RP-HPLC and
PAGE (Fig. 1B, lanes 1-2 and 4-5)both wild-type CASQ2 and L167H elute as a singhak,
whereas the chromatogram of R33Q also displaysr@muomponent eluting at shorter retention
times and containing higher-molecular weight spedgee Fig. 2 For preparative purposes,
however, only the material eluted in correspondeottéhe major chromatographic peak, was
collected and immediately used for conformatiomnadiges.

Effect of mutations on the conformation and stabily of CASQ2 at high and low KCI
concentration

Previous light scattering studies have shown tlatine CASQ2 predominantly exists in the
monomeric form at 500 mM KCI,; whereas at 100 mM KCis more prone to aggregate [8],
especially upon prolonged storage and in the alesencC&* [13]. Hence, in order to establish
whether CPVT-related mutations mainly affect threacture of CASQ2 monomers or they influence
the formation of polymers, we investigated the oomfational, stability and C&binding
properties of wild-type and mutant human CASQ?2 gir under salt conditions either stabilizing
the monomer (i.e., 500 mM KCI) or promoting thenf@tion of oligomers (i.e., 100 mM).

Analytical SEC. At 500 mM KCI Fig. 2A), all CASQ2 proteins elute with an apparent
molecular weight higher than expected, becauskeodhomalous migration of CASQs in SEC [31],
that likely reflects their asymmetric structure1/®. At 100 mM KCI Fig. 2B), the apparent
molecular weight of CASQ?2 is increased by about 1B&agreement with earlier studies showing
that low KCI concentrations induce a looser confation in CASQ structure [1,13,15,17,18].

Conformational characterization. The far-UV CD spectrum of wild-type CASQZ2,
recorded in 500 mM KCIHig. 3A), resembles that of a mixedf protein, with two equally intense
minima at 218 and 207 nm [32], and is qualitativeignilar to those of canine [13,18,33] and
human [12] CASQ2. The spectra of wild-type and mutaASQ2 proteins share a similar shape
and signal intensityHig. 3A), suggesting that mutations do not alter the s#aognstructure of
CASQZ, even though the spectrum of L167H has $lighbre prominent minima at 207 nm. Even
the CD spectrum of L167H in the near-UV regiondentical to that of wild-type CASQZig. 3B)
and similar to that of other CASQs [33,34], thudigating that the Leul6%His replacement does
not appreciably affect the protein tertiary strueturhe fluorescence spectra of R33Q and L167H
are almost super-imposable to that of wild-type Q&SFig. 3C) and display amax value at short
wavelengths (i.e., 334 nm), consistent with thes@aljographic structure of human CASQ2 [12],
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showing that on average Trp-residues are embeddelgeimical environments of medium polarity.
For comparison, the emission spectrum of wild-t#SQ2 recorded under denaturing conditions
(i.e. 8M urea) is also reported ig. 3C (see alsd-ig. 4B). TheAnax value is red-shifted to 351 nm
and the emission intensity significantly decreasetlle the contribution of Tyr-residues appears as
a shoulder at 303 nm. These data indicate thatMnuBea Trp-residues become exposed to the
solvent and that the Tyr-to-Trp energy transfeabsent, as expected for a fully unfolded protein.
Finally, the conformational properties of CASQ2 amit were also investigated by second-
derivative UV spectroscopy. The similarity of th@estra of wild-type and mutant CASQZJsd.

3D) is an additional strong indication that in 500 €I, mutations do not significantly alter the
overall protein conformation.

By decreasing KCI concentration from 500 to 100 ntive ellipticity of wild-type CASQ2
at 218 nm is reduced by 15%, with a concomitanteiment of the 207-nm minimaig. 4A),
suggestive of a partial unfolding of CASQZ2. Thessuits parallel those previously obtained with
CASQL1 that at low ionic strength exists in a lopseore expanded conformation [14,15,34]. Even
in this case, the CD spectra of R33Q and L167Habm®st super-imposable to that of the wild-type
CASQ?2 and the fluorescence spectra displayavalue identical to that observed at 500 mM, but
the signal intensity is decreased by about 169§.(4B), in qualitative agreement with previous
data obtained with CASQ1 [15] and canine CASQ2 .[18ptably, the spectrum of R33Q is
identical to that of wild-type CASQ2, whereas thal.167H is less intense by about 20% and the
Amax value is red-shifted by ~ 4 nm, indicating thatawerage Trp-residues are located in a more
polar and flexible environment.

Thus, our findings demonstrate that R33Q and Ll1GWktations do not perturb the
conformation of CASQ2 in 500 mM KCI, where the miatpredominantly exists in the monomeric
state. Similar conclusions hold for R33Q in 100 {Kil, whereas, at lower ionic strength, L167H
seems to acquire a looser conformation.

Stability to urea. The stability of CASQ2 proteins at 500 and 100 @1 was studied by
recording the decrease of the CD signal in theJMregion Fig. 5A) and the fluorescence
intensity Eig. 5B, O) at theAnaxas a function of urea concentration. Reversibditgenaturation
was always > 90%.

For wild-type CASQ2, two shallow transitions aresetved at either 500~ig. 5A) or 100
mM KCI (Fig. 5A, inse), with values of [urea} of about 3.3 =+ 0.3 M and 6.0 £ 0.3 M, where
[urea}, is the concentration of denaturant correspondingheé midpoint of the transition being
considered. The biphasic nature of the unfoldirgress is consistent with the modular structure of
CASQ2 monomer, formed by three domains [12] thay have different urea stabilities. When the
unfolding was monitored by measuring the decre&seASQ?2 fluorescence, a single transition is
observed at 100 mM KCI with a [urga]of 5.0 £ 0.3 M Fig. 5B), whereas at 500 mM KCF{g.
5B, inse) [urea}; is increased to 6.0 + 0.3 M and another transigippears at about 3.3 £ 0.3 M,
similarly to what observed for the CD sign&id. 5A). Hence, increasing salt concentration does
not significantly affect the stability of the seclamy structure, but it promotes a more compact and
stable tertiary fold in wild-type CASQ?2.

As compared to wild-type CASQ2, both mutations havarginal, if any, effect on the
stability of CASQZ2 secondary structure at 500 mMIKEig. 5A). When denaturation was
monitored by recording the fluorescence intensgyaafunction of urea concentration, different
results were obtained at 100 and 500 mM KCI. Atdowalt concentration, wild-type and mutant
CASQ2 proteins display a similar denaturation peofivith a single transition occurring at [urga]
of 5.0 £ 0.3 M Fig. 5B). At high KCI concentration, the stability of wilgpe and R33Q to urea is
increased up to 6.0 £ 0.3 M, whereas the stabilitz167H remains similar to that determined at
100 mM KCI Fig. 5C). Thus, contrary to wild-type and R33Q, L167H @ longer able to sense
the stabilizing effect of KCl on the protein tertiastructure. Notably, significant scattering of
experimental data is observed at lower urea coratgons, likely reflecting the looser structure and
higher conformational heterogeneity of CASQ pratéinthe C&-free state [1,7,13,14,34].
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Limited Proteolysis. Proteolytic enzymes can be effectively used asbgs of protein
conformation and dynamics [35]. Here, the suscéyilof wild-type and mutant CASQ2 proteins
to trypsin was evaluated in 100 and 500 mM KCl.t&otysis digests were analyzed by SDS-PAGE
and stained with either Coomassie Brilliant Bluenith the "Stains-all” dye, a cation carbocyanine
dye that selectively stains blue ‘Ginding proteins whereas all other proteins asnst pink-red
[27].

Electrophoretic analysis reported kig. 6 shows that for wild-type CASQZ2 five major
fragments are reproducibly obtained in 500 mM K@ ghat only polypeptides at ~ 40 and 17 kDa
stain blue, i.e., bind G& Comparative analysis of the time course readfiig. 6A) reveals that, at
high salt concentration, proteolysis of R33Q istdaghan that of the wild-type CASQ2, even
though the proteolytic patterns are similar. In tese of L167H, instead, the rate of trypsin
digestion is very much increased and the protepliyagments generated are markedly different
(arrowheads), indicating that the Leu16His replacement alters the structural/dynamical
properties of the protein, exposing new cleavaliés g0 trypsin. The enhanced rate of proteolysis
of L167H is consistent with the lower stability tfe tertiary structure of this mutant to urea-
induced denaturation (ség&g. 5C) in 500 mM KCI and reflects the general inverskatrenship
existing between conformational stability and raftgroteolysis. When proteolysis was carried out
in 100 mM KCI Fig. 6B), the digestion of wild-type and mutant CASQ2 pna$ is much faster
than that carried out in 500 mM KCI. Moreover, cangy to what observed at high salt
concentration Kig. 6A), no significant difference in the proteolysiserdietween wild-type and
CASQ2 mutants is detected in 100 mM KCI, in agresuath the fact that wild-type and mutant
CASQ?2 proteins display similar urea stabilisgé Fig. 5B.

Our results demonstrate that increasing KCI comagons protect CASQ2 against tryptic
cleavage and that CASQ2 proteins sense differéméiyprotective effect of KCI, being maximal for
the wild-type protein and minimal for L167H.

Effect of mutations on the C&" sensitivity of CASQ?2 at high and low KCI concentréon.

As mentioned above, in 500 mM KCI, wild-type canfbASQ?2 exists in the monomeric form and
is rather insensitive to &aconcentration [13]. Instead, at lower KCI concatitn (0-100 mM),
CASQs are more prone to form aggregates [8] andnareh more responsive to €anduced
polymerisation [1,13]. Here, the effects of?Can the conformation, stability, and aggregation of
CASQ?2 proteins were investigated by biochemical gyettroscopic tools.

Fluorescence In the presence of 500 mM, the fluorescence @-type and mutant CASQ2
proteins shows a biphasic profile as a functio€a€l, (Fig. 7A). In particular, at 0 < [C4] < 0.5
mM the fluorescence of CASQ2s decreases, where§€aaf] > 0.5 mM the signal intensity
increases with a sigmoidal shape, reaching saburati 7-10 mM [C&]. Interestingly, in all cases
no precipitation was observed. Considering th&0ft mM KCl CASQ2 exists as a monomer, the
reduction of fluorescence observed at very low’[[Cikely portrays only the spectroscopic effect
resulting from the displacement on the proteinaeafof the larger Kby the smaller and doubly-
charged C#, without any significant protein conformationalactye. Higher [C4] induces a more
compact structure in CASQ2 that is coupled to theiab of some Trp-residues in the protein
interior, with a resulting fluorescence increasgob) reduction of KCl to 100 mM, the €a
dependence of the fluorescence signal is comptepatticular, the Ca concentration at which the
fluorescence of CASQ2 proteins starts increasingdsiced to 0.1-0.2 mM~{g. 7B) and beyond
0.8 mM CadCl the fluorescence signal of wild-type CASQ2 decaesdmearly. In the case of R33Q,
this value is doubled to 1.6 mM CaChut the overall shape of the fluorescence chagetained.
The fluorescence of L167H, instead, displays a ek different C&"-dependence, with a
sigmoidal curve reaching a plateau at 7 mM. Intergly, for wild-type CASQ2 and R33Q the
solution becomes opalescent upon increasing‘ JCahereas for L167H there is no visible
precipitation.
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The interpretation of the fluorescence data regbinh Fig. 7 may be complicated by
overlapping effects, including a) structural reamgation induced by K and C&" on the
monomeric species, b) formation of soluble aggresgamitting fluorescence more intensely, and c)
subtraction of CASQ2 species from the solution wugrecipitation. Nevertheless, it is conceivable
to propose that at 500 mM the concentration 6fi&so high that the competing Caon is no
longer able to effectively bind to and induce podymmation/precipitation of CASQ2 proteins. On
the other hand, at 100 mM KCI, wild-type CASQ2 &@8BQ bind C& and, beyond certain &a
concentrations, form high-molecular weight polymiat precipitate out the solution and decrease
the fluorescence signal. Instead, the Leu26ffs transition impairs productive binding of €an
the resulting mutant, that becomes unable to foisoluble polymers.

Stability to urea. The effect of C4 on the stability to urea of CASQ2 proteins was
evaluated under conditions that favour oligomeraratwithout causing visible precipitation of
CASQ?2 (i.e., 100 mM KCI, 1 mM Cag)l For wild-type CASQ2FKig. 8A), addition of 1 mM C&
alters the urea-induced unfolding by several aspé&ttstly, two transitions (instead of one) can be
clearly identified, with values of [ureg] of 2.0 £ 0.3 M for the first transition, and ob5: 0.3 M
for the second one. Likely, the latter correspotwshe unfolding of the Gabound monomeric
form of CASQ2, whereas the transition occurrindoater [urea] would correspond to dissociation
of CASQ2 oligomers into monomers. This view is gstent with light scattering data showing
that, under similar salt conditions (i.e., 70 mM IK&@ud 1 mM CaCl), canine CASQ2
predominantly exists as a mixture of higher oligosne.e., (CASQ2) [13], that likely are less
stable than the monomeric species, as usually e&ddor other oligomeric proteins [36]. Hence,
increasing denaturant concentration would shiftefailibrium (CASQ2), = n-CASQ2 towards
the monomers. Thereafter, further increase of juesds to monomer unfolding. Secondly, the
value of [urea], of the second transition increases by ~0.6 M &nptesence of G§ in keeping
with the notion that preferential binding of metahs to the folded/native state enhances protein
stability [37]. Thirdly, the change in fluorescenicgensity for the transition occurring at higher
[urea] is steeper, suggesting that the unfoldingc@ss is more cooperative [38]. Similar
considerations also apply to the unfolding of R3E4Q. 8B), for which the amplitude of the first
transition is much larger than that observed fddsype CASQ2. However, Gadoes not seem to
increase the stability of the mutant in the monamé&srm, since [urea), remains essentially
constant. Strikingly, addition of Gahas negligible, if any, effect on the urea-induceéblding of
L167H (Fig. 8C), indicating that the energetics of the monomarcstire is insensitive to €aand
that addition of physiological concentration of?Cia not able to promote cross-bridging of L167H
monomers.

These findings indicate that the potential stainitizeffect of C&" is sensed differently by
wild-type and mutant CASQ2 proteins, in agreemeith vihe different structural perturbations
caused by either mutation.

Limited proteolysis. When proteolysis was carried out at low salt emi@tion (i.e., 100
mM KCI), addition of C&" protects wild-type and mutant proteins to a déferextent against
tryptic cleavage, following the order: wild-type>&3>L167H (cfr. Fig. 6B, O, thus
demonstrating subtie changes in the conformatitbeability properties of the mutants. The
electrophoretic pattern of the proteolytic digestL@67H with 1 mM Cad is identical to that
obtained without C4. This is taken as an additional evidence th&t ®mding cannot evoke any
significant structural change in L167H.

Turbidimetric measurements. C&* binding to CASQ is coupled to the shift in equilitm
from soluble (o precipitated species [6,8,13], thvam fibrils or needle-like crystals vitro [39].
Ribbon-like polymers of C&bound CASQ have also been fouimdvivo in the terminal cisternae
of SR [5,40,41].

Here, the propensity of wild-type and mutant CASf@teins to form insoluble aggregates
was investigated by recording the increase of diip(i.e., the absorbance at 350 nm) as a function
of [C&], at either 500 or 100 mM KCIF{g. 8D). Turbidity is caused by scattering of light and
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detects all particles with a hydrodynamic radiusater than the wavelength of the incident light.
Thus, the OD at 350 nm is proportional to the amainnsoluble forms of CASQ2. At 500 mM
KClI, light scattering is negligible for all CASQ2s, keeping with the notion that*Knhibits C&*-
induced polymerization/precipitation of CASQ [1315]. Conversely, at 100 mM KCI, turbidity of
wild-type and CASQ2 mutants increases with a siglaashape characterized by (a) a lag phase, in
which no precipitation is observed, (b) a growtlagdy in which the formation of precipitate sharply
increases for small increase of fJaand (c) a steady phase, in which the concentratf
insoluble forms remains approximately constant.

From turbidity data, we estimated the value ofsEEe., the [C&] at which half of the
maximal effect was observed) for wild-type and mut@ASQ2 proteins. Notably, €abinding to
soluble CASQ2 is coupled to polymerization intodluble forms, in the sense that the extent of
precipitation depends on the concentration of del@x*-CASQ forms [8]. Hence, although the
chemical process leading to CASQ precipitationasglex and involves multiple steps, the value
of EGsp can be related to the affinity of €afor CASQ2 and provides a convenient, albeit
simplistic, parameter for quantitative characteitra of C&*-binding interaction. The value of
ECs for wild-type CASQ2 was estimated as 0.87 + 0.0d.fhe affinity of the mutants R33Q and
L167H was decreased by more than five-fold, withe@@@lues of 4.7 £ 0.1 and 5.0 = 0.1 mM,
respectively. More importantly, the two mutants ptis. markedly different Ca-dependent
precipitation. In fact, to reach the plateau, R38Quires much higher [€3 than wild-type.
Nevertheless, the extent of precipitation at higl{] is similar to that of wild-type CASQ2.
Strikingly, L167H reaches the plateau at {g@ 6 mM, but it is not able to form any signifidan
amount of insoluble aggregates, even at higliJCa

The effects of the mutations R33Q and L167H aterpmeted with respect to i) the impact
of the amino acid exchanges on the structure of @QA&onomer and ii) the influence of such
modifications on Cd-dependent polymerisation. Analysis of the crysghphic structure of
human CASQ2 [12] reveals that the presence of tgelyhconserved Arg33 on the surface of
CASQ?2 first domain might be critical in determinitige direction and stability of the N-terminal
arm, through the formation of two salt-bridges witbp29 and GIlu85Hig. 9A). In particular, the
latter residue is located at the C-terminal endhef helix V46-E85 and, therefore, is potentially
destabilizing because of unfavourable charge-tdpiole interaction [42]. Hence, formation of the
R33-E85 salt bridge may reduce this effect. In R#3Q, however, abrogation of these ionic
interactions Fig. 9B) makes the formation of dimers with the right tlmgy (i.e., front-to-front)
more difficult, but nevertheless not impossiblertkermore, modelling studies suggest that the
mutation R33Q does not dramatically affect theigbdf the newly formed dimers to polymerise
with a back-to-back oriefitation and therefore hidke’"] is required for obtaining precipitation of
R33Q.

Replacement of the apolar Leul67 in the core efg¢bcond domain with the polar His-
residue may alter the native conformation of CAS§y2weakening the hydrophobic effeétid.
9C). In addition, modelling studies reveal that Higdfumps against the C-terminal helix 233-245
in the second domairFig. 9D). This helix is negatively charged and is the puwaSAH site
interacting with the positively charged DHB site ariother CASQ2 molecule in a back-to-back
orientation [6]. Hence, the mutation L167H may dbgize the SAH-DBH interaction and therefore
impair the formation of the back-to-back interfaceicial for triggering polymerisation. This
interpretation well “explains why L167H is almostngaetely insensitive to CG&induced
polymerisation/precipitation, even at high fQ4Fig. 8D).

Concluding remarks and relevance to CPVT.
This is the first and comprehensive study of tihecstiral, conformational and oligomeric properties
of two CASQ2 mutants, R33Q and L167H, related &odhset of CPVT.

The present data have been obtained on recomt#®@Q2s purified from bacteria, i.e., on
proteins lacking post-translational modificatiogpital of eukaryotic cells. CASQ2s purified from
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heart tissues are reported to be heterogeneousigppbrylated and glycosylated [43-45] with
possible overall effects on both surface?Chinding sites and protein hydrophilicity due to
phosphorylation and glycosylation, respectivelyu3hin order to extrapolate the present results to
the current pathogenetic hypotheses for CPVT, saleexperiments were carried out on native
CASQ2. With respect to retention time in gel fitioa, i.e., the apparent molecular weighkig
10A), near-UV CD spectra, i.e., protein three-dimenaiostructure Kig. 10B), C&*-dependent
fluorescence changeBig. 10A) and C&'-dependent polymer formatiofify. 10A), native CASQ?2
has the same tertiary structure and shows simigf-i@duced conformational modifications as
compared to recombinant wild-type CASQ2 (¢figs. 2B, 3B, 8A and 8Drespectively; see also
legend toFig. 10). Since post-translational modifications do nans#ficantly alter such relevant
CASQ?2 features, the differences observed betwesmettombinant wild-type and mutant CASQ2
proteins are solely referable to the specific angiaid substitution.

Spectroscopic data indicate that, in the absend@g0f mutations do not appreciably alter
the conformation of CASQ2 monomers. For L167H oalyl00 mM KCI, the observed changes in
the emission fluorescence may suggest alteratiortba tertiary structure. Nevertheless, limited
proteolysis data show that, although the overallSQR folding state remains unchanged upon
mutation, the amino acid exchanges significantllyagice the conformational flexibility of CASQ2
mutants, that become more susceptible to trypaaw@ge in the order L167H> R33Q> wild-type.
Such differences are amplified when the effect dfysiological C&" concentrations on
susceptibility to proteolysis and urea-induced demdion was investigated. In particular, 1 mM
Cd”* stabilizes wild-type CASQ2 against urea denataratind tryptic cleavage. This effect is
reduced for R33Q and virtually absent in the cdsel67H. Thus, the conformation of L167H is
more compromised than that of R33Q. In keeping witis conclusion, increasing €a
concentrations are still able to induce polymerardprecipitation of R33Q but not that of L167H
which is essentially insensitive to €aThe Arg33- Gln exchange makes the formation of front-
to-front dimers more difficult, whereas the replaent of Leul67 with His completely blocks
back-to-back polymerization.

Recently, Kim et al. [12] carried out light scaittg and C&" binding measurements (at 300
mM KCI) and suggested that the R33Q mutation rendee protein absolutely unable to form
linear polymers and that the L167H mutant form mgblecular weight aggregates unresponsive to
C&”*. Quite to the contrary, we found that, although #rg — GIn conversion shifts the €a
dependence of CASQ2 polymerization to higheP[;anaximal effect is preserved and R33Q does
polymerize at higher [G4. With respect to L167H, instead, we found thistamt to exist as a
monomer at all Cd concentrations and not to form high molecular \Weigggregates.
Discrepancies between the results of Kim et al] firfl ours might be due to several reasons; in
particular, their actual data are impinged by tle¢efogeneous nature of protein samples being
tested; for example, light scattering data reviealgresence of large amounts of dimers and higher
polymeric species, that sometimes exceed thodgeahbnomeric species, as in the case of L167H.
These polymeric species pre-exist in the proteinpdes prior to C& addition and clearly affect
scattering data, with or without €aand all subsequent measureméhss.

At the cellular level, CPVT arises as a consequefcspontaneous Garelease causing
DADs and triggered arrhythmia. Spontaneou$’Galease has been attributed to shortenéd Ca
release site refractoriness caused by either ditarginal C&" dependent modulation by CASQ2 of
the RyR2 and/or altered luminal €alynamics secondary to altered?Cauffering by CASQ2
[23]. Based on the present results, conclusiorsuofown recent papers on Tdandling in wild-
type cardiomyocytes transfected with either mufah{22] are rationalized, and the pathogenesis of
CPVT is further discussed.

Conspicuous over-expression of R33Q increased &RalC4" content, despite enhancing
RyR2-mediated SR Ghleak, and this was tentatively attributed to arréased SR G storage
capacity provided by the mutant protein [21]. Thesent results show that the preserved ability of
R33Q to form polymers, required for high-capacitsf ‘Chinding, determined increased SR*Ca
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storage capacity and that changes of"@apendent conformation, without disrupting theiaey
structure of the monomer, render R33Q capable &f-@pendent association with RyR2 but
unable of proper RyR2 regulation [21]. In fact, édon single channel analysis [46], we have
shown that R33Q failed to inactivate RyR2 as ilBR{C&"] decreased. Recently, two knock-in
transgenic models of recessive CPVT have been geerCASQ3*¥R*3mjce [Rizzi N, Liu N,
Napolitano, C, Nori, A., Turcato F, Colombi, B.,dBiato S, Arcelli, D., Bigioggera M, Scelsi, M,
Villani, L, Volpe, P., Priori SG., unpublished warnd CASQZ*"P3*™™mjce [47]. In both cases,
a dramatic decrease of mutant CASQ2 up to 50% @%@ 8espectively, was associated to a normal
level of relative mRNAs. It is tempting to speceldéhat R33Q because of its higher conformational
flexibility, as shown here, might undergo acceledain vivo degradation via proteasome, thus
reducing effective CASQ2 content within the SR lumie vivo, the molecular pathogenesis of
R33Q-linked CPVT may rely on two distinct synergisnechanisms: lack of regulation of RyR2
and decreased intraluminal Cauffering. Understanding the intracellular pathwayf accentuated
R33Q turnover requires additional experimental work

As to L167H, transient over-expression of the mutarcardiomyocytes had no significant
effects on RyR2 function nor on SR <aontent [22]; moreover, based on single channalyais
[46], we have shown that L167H was absolutely iwacon RyR2. Altogether, those findings are
fully consistent with the extensive changes in #teictural and Ca-dependent properties of
L167H reported here, i.e.,. L167H, is not capalilpalymerization-dependent high-capacity’Ca
binding. Although, as a monomer it binds*C§22], L167H is an essentially functionally inert
protein and very likely leads to a functional knamkt phenotype equivalent to a null phenotype.
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FIGURE LEGENDS

Figure 1 Characterization of purified human recombnant CASQ?2 proteins

Wild-type human CASQ2 and relative mutants weréfigdr as described in Experimental. RP-
HPLC analysisA) of wild-type CASQ2 (2), L167H (3), R33Q (1) at°Zh Wild-type CASQ2 and
mutants were analyzed by SDS-PAGH left panel) and non-denaturing/non-reducing gelright
panel): lanes 1 and 4, wild-type CASQZ2; lanes 23ndL67H; lanes 3 and 6, R33Q); lanes 7 and 8,
minor and major peaks of R33Q, respectively, oleiby size-exclusion chromatography (see also
Fig. 2). Molecular mass standards for SDS-PAGEk{@a) are indicated on the left hand side.
Arrowhead, on the right hand side, points to thepee dimeric form of R33Q.

Figure 2 Size-exclusion chromatography of wild-typ@and mutant CASQ2 proteins
Chromatographic analyses of wild-type CAS®2)(and mutants L167H () and R33Q (---) were
carried out on a Superose-12 column eluted in 20 M®PS pH 7.2, containing 500 mM KCAY

and 8) 100 mM KCI. a) Blue dextran; b) dimer of BSA; &SA; d) ovalbumin; e)
chymotrypsinogen and f) RNAse are used as protaimdards for retention times and are indicated
at the top of panel A. In the case of R33Q, ondy itaterial eluted in correspondence of the major
peak was collected and used for further analysis.

Figure 3 Conformational characterization of recombnant CASQ2 proteins at 500 mM KCl

Far- A) and near-UV B) CD spectra of wild-type CASQRo), L167H (), and R33Q (4).
Measurements were carried out at a protein coraigmrof 2.22uM and 10uM in the far- and
near-UV CD, respectively. Fluorescend®) @nd second-derivative UMD] spectra of wild-type
CASQ2(—), L167H (--) andR33Q(---). The emission spectrum of wild-type CASQ2 vedso
recorded in 8 M urea (). Fluorescence and second-—derivative UV specina waken at a protein
concentration of 0.1%M and 2.22uM, respectively. All spectra were taken at 25°C20h mM
MOPS, pH 7.2, 500 mM KCI.

Figure 4 Conformational characterization of recombnant CASQ2 proteins at 100 mM KCl
Far-UV CD @) and fluorescenceB| spectra of wild-type CASQRo; —), L167H (e; ---), and
R33Q(4; ---). The emission spectrum of wild-type CASQ2svedso recorded in 8 M urea-f- CD
and fluorescence spectra were taken at a protenteodration of 2.22uM and 0.15 M,
respectively. All spectra were taken at 25°C im@d MOPS, pH 7.2, 100 mM KCI.

Figure 5 Conformational stability of recombinant CASQ2 proteins at either 500 mM or 100
mM KCI

Urea-induced unfolding of wild-type CAS{2, e¢) and L167H (, m), andR33Q(A, 4) mutants
was monitored by far-UV CDA(and insef) and by fluorescence spectroscopyand inset C) at
either 100 mM (filled symbols) or 500 mM (empty dyois) KCI. CD and fluorescence spectra
were taken at a protein concentration of 21RBPand 0.15uM, respectively. All spectra were taken
at 25°C in 20 mM MOPS, pH 7.2, containing eithe® 10 500 mM KCI. The data are reported as
fluorescence intensity akna.x and as6/6° or F/F°, whereB®° and F° are the ellipticity and
fluorescence values of CASQ2 without urea.

Figure 6 Limited proteolysis of recombinant CASQ2 poteins with trypsin

SDS-PAGE of proteolysis of wild-type and CASQ2 nmisawith trypsin at either 500 mM KCAJ

or 100 mM KCI in the absenc®) and presenceC) of 1 mM CaCj}. CASQ2s were incubated at
25°C at a protease:CASQ?2 ratio of 1:50 (w/w). A¢ thdicated time intervals, aliquots (@) of

the reaction mixture were taken and the reactioppsd by addition of soybean trypsin inhibitor,
using a 1:1 inhibitor:trypsin molar ratio. Protesily digests were analysed by polyacrylamide 10-
17.5% gradient gels that were stained with eitheor@assie R250 (B and C) or Stains-all (A).
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Arrowheads on the right hand side of panel A, ptinspecific polypeptides derived from L167H
only. Molecular mass standards (in kDa) are in@idain the left hand side.

Figure 7 Effect of [C&"] on the intrinsic fluorescence of recombinant CASQ proteins
The fluorescence intensity of wild-type CASQ2, and L167H ¢), andR33Q(A) mutants ah max
was monitored as a function of [CaJdh 20 mM MOPS. pH 7.2, containing either 500 mi) Er
100 mM @B) KCI. Measurements were taken at 25°C and at oratancentration of 0. M.

Figure 8 Effect of [C&"] on the urea stability and on precipitation of re@mbinant CASQ2
proteins

Urea-induced unfolding of wild-type CAS{A; o, ), R33Q(B; A, A) and L167H C; o, m) was
monitored by recording the fluorescence intensityha Amax @as a funection of [urea]. All spectra
were taken at 25°C in 20 mM MOPS, pH 7.2, 100 mM,K&C a protein concentration of 0.,

in the absence (empty symbols) and presence (Bjatbols) of 1. mM CaGl The data are reported
as F/F°, where F° is the fluorescence of CASQ2 authurea. The OD values at 350 nD) (of
wild-type CASQ2(o, ), L167H @, m) andR33Q(A, A) were measured at 25°C as a function of
[CaCk] in 20 mM MOPS, pH 7.2, containing either 100 mbMmpty symbols) or 500 mM KCI
(filled symbols). Measurements were obtained atctepn concentration of 2.26M. Note that at
500 mM KCI, no absorbance was detected for any Emnps shown by the flat curve over the
entire range of Cagl

Figure 9 Amino acid side-chain exchange in the hunmaCASQ2 mutants R33Q and L167H

The structure of R33Q and L167H mutants was modeifethe crystallographic structure of wild-
type human CASQZ2 [12]. The side-chain conformatadnGIn33 and His167 was carefully
modelled on the lowest-energy rotamer. The ribb@wihg was generated using WebLab Viewer
software. A) In the wild-type CASQ2, Arg33 forms two salt-bges with Asp24 and Glu85.
Abrogation of these interactions in the R33Q mut@)t makes the formation of front-to-front
dimers more difficult. €) In the wild-type CASQ2, Leul67 is tightly packedthe protein core,
but in the L167H mutant)), this residue bumps against the C-terminal h2$8-245 of the second
domain, forming the negative SAH site of CASQ?2. @@bgization of this helix, in turn, may impair
the formation of the back-to-back interface by werakg the interaction between the negative SAH
and the positive DBH site.

Figure 10 Properties of native CASQ2

Chromatographic analysi&f on a Superose-12 column eluted in 20 mM MOPS7 51 100 mM
KCI. The apparent molecular weight of native CAS@2timated by analytical SEC, is similar to
that estimated for the recombinant wild-type CAS®@2e Fig. 2B), even though the peak width is
larger, likely because of the chemical heteroggneitroduced by the carbohydrate chains. Near-
UV CD spectrumB) of native CASQ2 in 20 mM MOPS, pH 7.2, 100 mM K€bkuper-imposable,

in both shape and signal intensity, to that of nelsmant wild-type CASQ2 (see Fig. 3B), i.e., post-
translational modifications do not alter the thddemensional structure of CASQZhe fluorescence
intensity C) and OD values at 350 nnb) of native CASQ2 were monitored as a function of
[CaCb] in 20 mM MOPS, pH 7.2, 100 mM KCI. Native CASQashsimilar C&-dependent
fluorescence profile and &adependent precipitation properties as compareddombinant wild-
type CASQZ2 (cir. Fig. 7B and 8D, respectively). Aleasurements were carried out at 25°C and at
protein concentration of 1M, 0.1 uM and 2.25uM in B, C and D, respectively.
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Figure 1, Valle et al., 2008
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Figure 2, Valle et al., 2008
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Figure 3, Valle et al., 2008
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Figure 4, Valle et al., 2008
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Figure 5, Valle et al., 2008
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Figure 6, Valle et al., 2008
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Figure 7, Valle et al., 2008
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Figure 8, Valle et al., 2008
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Figure 9, Valle et al., 2008
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Figure 10, Valle et al., 2008
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