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Abstract
Hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy (DCM), and restrictive cardiomyopathy
(RCM) are characterized by thickening, thinning, or stiffening, respectively, of the ventricular myocardium,
resulting in diastolic or systolic dysfunction that can lead to heart failure and sudden cardiac death.
Recently, variants in the ACTN2 gene, encoding the protein a-actinin-2, have been reported in HCM, DCM,
and RCM patients. However, functional data supporting the pathogenicity of these variants is limited, and
potential mechanisms by which these variants cause disease are largely unexplored. Currently, NIH ClinVar
lists 34 ACTN2 missense variants, identified in cardiomyopathy patients, which we predict are likely to
disrupt actin binding, based on their localization to specific substructures in the a-actinin-2 actin binding
domain (ABD). We investigated the molecular consequences of three ABD localized, HCM-associated
variants: A119T, M228T and T247M. Using circular dichroism, we demonstrate that the mutant ABD
proteins can attain a well-folded state. However, thermal denaturation studies show that all three mutations
are destabilizing, suggesting a structural disruption. Importantly, A119T decreased actin binding, and
M228T and T247M cause increased actin binding. We suggest that altered actin binding underlies
pathogenesis for cardiomyopathy mutations localizing to the ABD of a-actinin-2.
Keywords:
Actin binding, circular dichroism, thermal denaturation, protein folding.
Abbreviations:
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1. Introduction

In the United States, the prevalence of heart failure due to cardiomyopathy was estimated at 6.7 million
cases in 2020, an increase of 12% over 2 years.[1] Two of the most common cardiomyopathies are Dilated
Cardiomyopathy (DCM) and Hypertrophic Cardiomyopathy (HCM), combined estimated to occur in
greater than 0.2% of the general population[2, 3]. Restrictive Cardiomyopathy (RCM), a less common

form, is estimated to account for 5% of total cardiomyopathy cases[4]. These disorders are characterized
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by thickening (HCM), thinning (DCM), or stiffening (RCM) of the ventricular myocardium[5]. These
alterations to the ventricle wall cause diastolic or systolic dysfunction, and can lead to heart failure and
sudden cardiac death[6]. A better understanding of cardiomyopathy etiology and pathogenesis is thus
important for reducing the burden cardiac disease for a significant portion of the population.

The familial forms of DCM, HCM, and RCM typically display autosomal dominant inheritance[5].
Interestingly, dominant mutations in the ACTN2 gene encoding the Z-disk protein a-actinin-2 have been
reported in DCM[7], HCM[8] and RCM[9] patients. How different variants in the ACTN2 gene give rise to
different cardiomyopathies is unclear. Currently, the NIH ClinVar database[10] lists 324 cardiomyopathy-
associated ACTN2 variants that result in amino acid changes in the encoded a-actinin-2 protein. The
pathogenicity of two ACTN2 missense variants, A119T and M228T, is supported by co-segregation of the
variants with heart disease across multiple generations within families[8, 11]. However, for most reported
ACTNZ2 variants, the pedigree is either too small, or no family history is available to conclude that a genetic
variant is disease causing. In these cases, additional functional studies are needed to determine if a variant
is detrimental to a-actinin-2 function.

Alpha-actinin-2 is expressed in skeletal and cardiac muscle fibers[12], and is required for normal
sarcomere organization in the heart[13]. Within the Z-disk, a-actinin-2 functions to cross-link antiparallel
actin filaments from neighboring sarcomeres. Alpha-actinin-2 contains an N-terminal actin-binding domain
(ABD; amino acids 1-259) consisting of two calponin homology subdomains (CH1 and CH2). Assembly
of the Z-disk requires a-actinin-2 binding to actin. Interestingly, a-actinin-2 localization to the Z-disk is
highly dynamic[14-16]. This suggests that dynamic binding of a-actinin-2 to F-actin is required in healthy
tissue to enable rapid Z-disk remodeling.

Alpha-actinin is the ancestral member of the spectrin superfamily of cytoskeletal proteins that includes
the human disease-associated proteins: B-lll-spectrin; o-actinin-1 and -4; filamin A, B, and C; and
dystrophin[17-26]. We previously characterized a B-111-spectrin L253P missense mutation that is localized

to the ABD and causes the neurological disorder spinocerebellar ataxia type 5 (SCAS5). In vitro co-
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sedimentation assays revealed that L253P causes a striking 1000-fold increase in actin affinity[18]. Further,
our cryo-EM structure of F-actin complexed with the L253P ABD demonstrated that actin binding requires
a conformational “opening” at the interface of the two CH domains that comprise the ABD. This enables
CHA1 to bind actin aided by the previously uncharacterized, unstructured N-terminal region that becomes a-
helical upon binding[27]. Strikingly, this N-terminal helix preceding the conserved CH1 domain is required
for association with actin, as truncation eliminates binding. Alpha-actinin-2 likely binds actin by a similar
mechanism. Indeed, our review of cryo-EM data for the a-actinin-4-actin complex[28] suggested that the
N-terminus of a-actinin-2 also binds actin[27].

However, mechanistic studies of cardiomyopathy-associated variants in the a-actinin-2 ABD are
scarce. Haywood et al, reported that the HCM-associated variant A119T caused protein destabilization in
vitro, aggregation of the mutant a-actinin-2 in cardiomyocytes, and reduced Z-disk incorporation[15].
A119T was reported to cause a 2-fold decrease in actin-binding affinity[15], although the reported decrease
in affinity was not statistically significant. A study of an HCM-associated variant, T247M, established in
iPSC-derived cardiomyocytes, showed that the variant is disruptive at the cellular level, inducing HCM
phenotypes, including Z-disk myofibrillar disarray and disrupted contractility[16]. Moreover, T247M, like
A119T, caused a-actinin-2 aggregation and reduced incorporation into Z-disks [29]. How the T247M
variant impacts actin binding is not known. A recent study has shown that homozygous expression of HCM
associated M228T variant in mice is embryonic lethal[30]. Further, low a-actinin-2 mutant protein levels
suggested that the mutant promotes destabilization contributing to increased proteolysis[30]. Because of
the dynamic nature of a-actinin-2 at the Z-disk, and the requirement of actin binding for a-actinin-2
incorporation into the Z-disk, it is likely that ABD variants that disrupt actin binding will adversely impact
cardiomyocyte function.

In this study, we report our analyses of the structural position of numerous cardiomyopathy-associated
ACTN2 missense variants to assess the potential of the variants to disrupt a-actinin-2 actin binding. We
further report our characterization of the structural and functional consequences of select missense variants

localized to different substructures in the alpha-actinin-2 ABD.
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2. Materials and Methods

2.1 Structural analysis

Analyses were performed using a crystal structure of the wild-type alpha-actinin-2 ABD (PDB:5A36)[15].
Actin binding region identified by homology comparison with three different ABDs including of B-I1I-
spectrin, filamin A and utrophin ABD-actin complexes[27, 31, 32]. Analyses of the structure, including

identification of predicted contacts for different mutated residues, was performed with PyMOL v2.5.4

2.2 Protein expression and purification

The coding sequence for a-actinin-2-ABD was obtained from Addgene (RefSeq: NM_001103.3, Plasmid
ID 52669) and PCR amplified using the forward primer
AAACACCTGCAAAAAGGTATGAACCAGATAGAGCCCGGC and reverse primer
AAATCTAGATTACTCCGCGCCCGCAAAAGCGTG. The PCR product was digested with restriction
enzymes Aarl and Xbal and ligated into Bsal digested, pE-SUMOpro (LifeSensors). Mutations were
introduced into the generated pE-SUMO-co-actinin-2 ABD through site-directed PCR mutagenesis
(PfuUltra High-Fidelity DNA Polymerase, Agilent). The following primers were used to introduce
cardiomyopathy mutations into the a-actinin-2 ABD sequence.

A119T forward: GTGAAACTGGTGTCCATCGGCACTGAAGAAATTGTTGATGGCAAT

A119T reverse: ATTGCCATCAACAATTTCTTCAGTGCCGATGGACACCAGTTTCAC

M228T forward: AGCACCTGGATATTCCTAAAACGTTGGATGCTGAAGACATCGTG

M228T reverse: CACGATGTCTTCAGCATCCAACGTTTTAGGAATATCCAGGTGCT

T247M forward: CCCGATGAAAGAGCCATCATGATGTACGTCTCTTGCTTCTACCAC

T247M reverse: GTGGTAGAAGCAAGAGACGTACATCATGATGGCTCTTTCATCGGG

Sequence verified mutant and wild-type DNAs were transformed into Rosetta 2 (DE3) E. coli (NOVAgen.1
L bacteria cultures in LB broth containing ampicillin (100 pg/mL) and chloramphenicol (34 pg/mL) were
grown at 37 °C. Upon ODsso of 0.50, ABD protein expression was induced with 0.5 mM IPTG for 6 hours
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at 300 RPM shaking at room temperature. Bacteria cultures were pelleted at 2987 RCF for 30 min at 4 °C,
and pellets stored at -20°C until further use. Bacterial pellets were prepared for lysis through resuspension
in lysis buffer (50 mM Tris pH 7.5, 300 mM NaCl, 25% sucrose, and protease inhibitors (Complete Protease
Inhibitor tablet, EDTA-free, Roche)), and incubated with lysozyme (Sigma) for 1 h at 4 °C, followed by a
freeze-thaw cycle in an isopropanol-dry ice bath. To the lysate, MgCl, (10 mM final concentration) and
DNasel (Roche) (8 U/mL final concentration) were added and stirred slowly for 1 h at 4 °C. Lysates were
clarified at 18,000 RPM at 4 °C for 30 min, in a Sorvall SS-34 rotor. Supernatants were decanted and
syringe filtered through 0.45 pm disk filters. Poly-Prep (Biorad) chromatography columns containing Ni-
NTA agarose (Qiagen) were equilibrated in binding buffer (50 mM Tris pH 7.5, 300 mM NaCl and 20 mM
imidazole) and filtrate was loaded. Binding buffer was used to wash the columns and ABD proteins were
eluted with elution buffer((50 mM Tris pH 7.5, 300 mM NaCl and 150 mM imidazole). Elution fractions
for each ABD protein were pooled and loaded into a Slide-a-Lyzer, 10 K MWCO, dialysis cassette
(ThermoScientific) and dialysis carried out overnight in SUMO buffer (25 mM Tris pH 7.5, 150 mM NacCl,
5 mM B-mercaptoethanol), at 4 °C. Cleavage of the 6X-His-SUMO tag from the ABD protein was
performed using 1:10 mass ratio of Ulpl SUMO protease:ABD in a 1 h incubation at 4 °C. Poly-Prep
chromatography columns containing 1 mL Ni-NTA agarose equilibrated in SUMO buffer were used to
remove cleaved 6X-His SUMO tags and His-tagged SUMO protease from the ABD proteins. Eluted
fractions containing ABD proteins were pooled for each ABD and loaded into a Slide-a-Lyzer, 10 K
MWCO, dialysis cassette for dialysis in storage buffer (10 mM Tris pH 7.5, 150 mM NaCl, 2 mM MgCIl2,
and 1 mM DTT), at 4 °C overnight. Purified ABD proteins were recovered and measured for concentration
using Bradford assay (Biorad).ABD proteins were snap frozen in liquid nitrogen and stored at -80 °C for

future use.

2.3 Circular dichroism measurements
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Previously purified ABD proteins were thawed and clarified at 43,000 RPM at 4 °C for 30 min, in a
Beckman TLA 100.3 rotor. Bradford assay was used to determine the ABD protein concentrations. ABD
proteins were diluted to 150 — 200 ng/pL in storage buffer. CD spectra and thermal denaturation studies
were performed with a Jasco J-815 Spectropolarimeter with a Peltier temperature controller. Baseline
correction scans were obtained using the storage buffer immediately prior to analysis. Analyses ranged
between 200 and 260 nm at 25 °C. Immediately following wavelength scans, unfolding was measured at
222 nm with steadily ramping temperatures from 20 — 85 °C. Using Prism 9 (GraphPad), a nonlinear
regression analysis was performed to determine melting temperature for two-state and three state

transitions[33]. The two-state unfolding is fit by equation 1,

Y= (ay + ByT)/{1+e*TmT=T/TATY 4 (a, + BpT)/{1 + e*TmTm=D/TATY
where on, Bn, ap, and PBp are the intercepts and slopes of the respective native and denatured states, Y is the
signal at 222 nm at temperature T, AT is the unfolding transition width and T is the melting temperature.
The three-state unfolding is fit by the expanded equation 2,

Y= (ay + ByT)/{1+e*tmT=Tm/TATY 4 (a) + BiT)/{1+ e*TmaTmi=DITATY 4 (@) + B T)/{1

+64Tm2(T—Tm2)/TAT} + (ap + BpT)/{1+ e4Tm2(Tm2—T)/TAT}
where, a1 and 1 are the intercept and slope of the intermediate state, Tmi and T are the respective melting
temperatures of the first state between folded and the intermediate and the second state between the
intermediate and unfolded state. The four-state unfolding is fit by the expanded equation 3,

Y= (ay + ByT)/{1+e*mTTm/TATy 4 () + B T)/{1 + e*TmaTmi=DITAT 4 (y + B T)/(1
+e¥Tma(T=Tm2[TATY 4 (a, + BoT)/{1 + e*Tm2(Tme™D/TATY + (@, + B,T)/(1
+64Tm3(T—Tm3)/TAT} + (aD + ,BDT)/{l + 64Tm3(Tm3—T)/TAT}

where, a2 and B are intercept and slope of the second intermediate state, Tm2 and Tms are the melting
temperatures of the second state between the first and second intermediate and the second intermediate and

the unfolded state.
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2.4 F-actin co-sedimentation assays

Purified F-actin was prepared from rabbit skeletal muscle (Pel-Freez Biologics) as previously
described[34]. Purified ABD proteins were thawed and clarified as described above. F-actin and ABD
protein concentrations were determined though Bradford assay. As performed previously[34], binding
reactions were prepared with 2 uM ABD protein and F-actin concentrations ranging from 3 — 120 uM in
F-buffer (10 mM Tris pH 7.5, 150 mM NaCl, 0.5 mM ATP, 2 mM MgCI2, and 1 mM DTT). Immediately
following 30 min incubation in ambient room temperature, binding reactions were centrifuged at 50,000
RPM for 30 min at 25 °C in a TLA-100 rotor (Beckman). Following centrifugation, supernatants were
immediately sampled and mixed with 4X Laemmle sample buffer (Biorad). Samples of supernatant were
separated by SDS-PAGE and resulting bands were visualized using Coomassie Brilliant Blue R-250
(Biorad) solution, followed by background removal with destain solution. An Azure Sapphire imager on
the 680 nm channel was used to document the gels. The generated image files allowed quantification of
ABD protein band fluorescence intensities using Image Studio Lite version 5.2 software. A standard curve
was generated using incremental amounts of ABD proteins (0-2 uM) on a similarly treated gel, relating
supernatant ABD fluorescence intensity to known ABD concentrations. As previously described [18],
dissociation constants (Kd) were calculated using Prism 9 (Graphpad) through a nonlinear regression fit

utilizing a one-site specific binding equation, constraining Bmax to 1.
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3. Results

3.1 Cardiomyopathy missense variants localize to actin-binding surfaces or the CH1-CH2 interface in the
a-actinin-2 ABD

We analyzed 71 cardiomyopathy-associated ACTN2 variants in NIH ClinVar to evaluate the potential of
the variants to disrupt actin binding, based on their localization to specific substructures in the ABD. We
mapped predicted actin-binding surfaces in the crystal structure of the wild-type a-actinin-2 ABD (PDB:
5A36)[15] based on homology to the actin-binding surfaces identified in cryo-EM models of B-111-spectrin,
filamin A and utrophin ABD-actin complexes[27, 31, 32] , Figure 1. In addition, residues mediating
interaction of CH1 to the regulatory CH2 subdomain were identified using Pymol. Of the 71 ClinVar
variants in the ABD, 34 localize to actin-binding surfaces in CH1 or the N-terminus, or to the CH1-CH2
interface. We predict that variants localizing to actin-binding surfaces will decrease actin binding. In
contrast, variants localizing to the CH1-CH2 interface are likely to increase actin binding by alleviating

CH2 occlusion of CH1 binding to actin.
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Figure 1. Mapping of ACTN2 variants in the ABD. The a-actinin-2 ABD crystal structure (PDB: 5A36)[15] with actin-
binding surfaces (red), contact regions between CH1 and CH2 subdomains (blue), and regions involved in both
interactions (magenta). Listed are 34 cardiomyopathy missense variants localizing to these surfaces (sidechains of
native residues shown). Yellow arrows indicate positions of A119T, M228T and T247M.
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3.2 Human a-actinin-2 cardiomyopathy missense variants attain folded states but lose cooperative protein
unfolding.

To assess the impact of the variants on ABD structure, circular dichroism (CD) spectroscopy was
performed. The CD absorption spectra for the wild-type ABD shows minima at 208 and 222 nm, an
absorption profile characteristic of an alpha-helical protein, Figure 2. Similarly, the three variants showed

nearly identical absorption profiles. This indicates the variant ABDs are well-folded like wild-type. CD

A WT  A110T M228T T247M WT o M228T

@
=}
S
S

50001

o
o

kDa ™
37

50001 §

-10000 -10000

e
e

25

Mean Residue Ellipticity
(degrees cm?dmol™?)
&

S

-15000¢ -15000

-20000; -20000
200 200

210 220 230 240 250 260 210 220 230 240 250 260
Wave Length (nm) Wave Length (nm)

W

10000 Overlay 10000 T247M 10000 AllgT

5000 5000{:

@
=}
IS}
S

o

0 0

50001 1 5000{ }

-10000: -10000 -10000

Mean Residue Ellipticity
(degrees cm?dmol™)

-15000: -15000 -15000

-20000 -20000 -20000
200 200 200

210 220 230 240 250 260 210 220 230 240 250 260 210 220 230 240 250 260
Wave Length (nm) Wave Length (nm) Wave Length (nm)

Figure 2. a-actinin-2 mutants attain secondary structures similar to wild-type. A. Coomassie blue stained gel
image showing purified wild-type (WT) and mutant ABD proteins. All ABD proteins ran at the predicted size of 30 kDa.
B. Circular dichroism absorption spectra show a-helical profiles for wild-type and mutant ABDs. CD spectra between
200 nm and 260 nm for individual WT, A119T, M228T, and T247M proteins. Minima at 208 and 222 nm are
characteristic of a-helical fold.
was further used to monitor the unfolding of the ABD proteins as a function of temperature. The wild-type
protein displayed cooperative unfolding, with a single step, two-state transition, and a melting temperature
(Tm) of 63.5°C, Figure 3. This T is similar a previously reported Tm (62.3°C) for a wild-type a-actinin-2
ABD construct containing amino acids 19-266[15]. In contrast, the melt curves for all mutants showed

unfolding at lower temperatures and a clear loss in cooperative unfolding. The melt curve for A119T
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showed two transitions that were fit with two T values: Tm = 60.9°C and 71.9°C (average Tm’s from
duplicate melt curves). Duplicate melting curves were nearly identical, supporting the accuracy of the melt
profile. Interestingly, M228T and T247M mutants unfolded with very similar melt curves. These melt
curves showed three transitions. For M228T, the three T values were 51.3°C, 60.7°C and 72.3°C. For
T247M, the Tr values were similar: 50.6°C, 61.5°C and 72.0°C. The loss in cooperativity for M228T and
T247M suggests reduced physical coupling between CH subdomains, and is consistent with our model that

increased actin binding is associated with opening of the CH1/CH2 interface.
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Figure 3. Thermal denaturation curves showing that mutant ABD proteins exhibit a loss of cooperative
unfolding. Melting curves of purified ABD proteins, obtained by observing circular dichroism absorption at 222 nm
while heating sample from 20 °C to 85 °C. The cooperative, two-state, transition is observed for wild-type ABD. A
three-state transition is observed for A119T ABD in trial 1 (orange) and trial 2 (red). A four-state transition is observed
for M228T ABD; trial 1 (dark green) and trial 2 (light green) and T247M ABD; trial 1 (dark blue) and trial 2 (light blue).
For each transition, the average Tm from duplicate melts is indicated, followed by the individual replicate Tm values in
parentheses.
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3.3 Human a-actinin-2 cardiomyopathy missense variants disrupt actin binding.

To test our prediction that CH1-CH2 interface variants in a-actinin-2 will increase actin binding, actin co-
sedimentation assays were performed for the variants M228T and T247M. We additionally tested the
A119T variant that localizes to an actin binding surface, and is thus predicted to decrease actin binding.
The wild-type ABD showed dose responsive binding with increasing F-actin concentration, Figure 4. The
average dissociation constant (Kd) of the wild-type ABD was 98 + 7 uM. Significantly, both M228T and
T247M ABDs were entirely bound to actin over the entire range of actin concentrations. This indicates
that both M228T and T247M mutant ABDs bind actin with much higher affinity than wild-type, with Kd
values that must be submicromolar. In contrast, A119T resulted in reduced binding of the ABD to actin.
The Kd value of A119T was 466 + 90 uM, a statistically significant reduction in the equilibrium binding
constant relative to wild-type. Thus, our predictions for the impact of A119T, M228T and T247M on the

binding of the ABD to actin were correct.
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Figure 4. Actin co-sedimentation assays showing that ABD mutations cause aberrant actin binding. Co-
sedimentation of M228T and T247M ABD proteins show increased actin binding compared to wild-type. Co-
sedimentation of A119T ABD protein shows decreased actin binding compared to wild-type. Representative binding
data and curve fit is shown for wild-type and A119T ABD proteins. At 2 uM, M228T and T247M ABD proteins are
completely bound to actin. Representative binding data is shown for M228T and T247M. Kd value shown as mean
+SD, n = 4-6 binding assays.
4. Discussion

Many cardiomyopathy-associated missense variants have been reported in the ACTN2 gene. However,
the molecular consequences of these variants in the encoded a-actinin-2 protein are largely unexplored.
Here we focused on variants that localize to the actin-binding domain (ABD) of a-actinin-2. Of 71 ABD-
localized variants, 34 are positioned at actin-binding surfaces in CH1 or the N-terminus, or the CH1/CH2
interface. Importantly, we showed that two CH1/CH2 interface variants, M228T and T247M, increase
actin binding, in agreement with our prediction for the interface-localized variants. We also investigated a

A119T variant that localizes to an actin-binding surface. This variant was previously reported to decrease

actin binding[15]. However, the previously reported decrease in affinity was not statistically
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significant[15]. Here we clarified the effect of the A119T variant. We showed that the A119T variant,
indeed, decreases actin binding, raising the Kd ~4-fold, with statistical significance. We expect that many
of the other 31 variants mapping to direct actin-binding surfaces or the CH1/CH2 interface, will also disrupt
actin binding. However, some of the variants are conservative substitutions that may not disrupt
structure/function (for example, K38R or R41K). Experimentally confirming the impact of the variants on
actin binding is thus important for establishing pathogenicity.

Our thermal denaturation studies revealed that A119T, M228T and T247M are structurally
destabilizing. All three variants caused the ABD to begin to unfold at lower temperature relative to wild-
type. Unexpectedly, all three variants also caused a loss of cooperative unfolding, with melt curves
revealing multiple steps of unfolding for different substructures within the ABD. M228T and T247M
showed three unfolding events, and the three different Tm’s were very similar between the two variants.
This is consistent with the two variants being localized to the CH1/CH2 interface, and consequently causing
similar disruption to ABD structure. In contrast, A119T, buried in CH1, was characterized by two
unfolding events, and thus reflects a distinct structural impact on the ABD. Notably, melt curves for all
three variants contained an unfolding event with Ty, of ~72°C. This shared T suggests the unfolding of a
relatively stable ABD substructure common to all three variants. A loss of cooperative unfolding was not
reported previously in thermal denaturation studies for the A119T mutant ABD[15]. Instead the A119T
mutant appeared to unfold with a single transition, with a Tm of 60.8°C, slightly lower than the 62.3°C
reported for wild-type[15]. This difference may reflect greater sensitivity of our CD measurements with a
different spectrapolarimeter. The previously characterized A119T ABD also lacked the N-terminal 18
residues; we previously showed that N-terminal residues preceding CH1 impact the stability of the related
ABD of B-1ll-spectrin [27]. Interestingly, loss of cooperative unfolding was not observed for any of ten
different missense variants in the related ABD of B-I1I-spectrin[35]. Most of the B-111-spectrin variants

localized to the CH1/CH2 interface, including L253P and T271l, which are at the equivalent residue

14


https://doi.org/10.1101/2023.05.09.539883
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.09.539883; this version posted May 9, 2023. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

positions as a-actinin-2 M228T and T247M, respectively. This suggests a fundamental difference in
physical coupling of substructures within the p-111-spectrin and a-actinin-2 ABDs.

Our work suggests that altered actin binding underlies pathogenesis for cardiomyopathy mutations in
the ABD of a-actinin-2. Prior work in cardiomyocytes showed that A119T has reduced incorporation into
Z-disks, is less dynamic at Z-disks and tends to form aggregates outside of Z-disks[15], and were attributed
to a loss of actin binding. The T247M variant also cause a-actinin-2 aggregation in iPSC-derived
cardiomyocytes[36]. We propose that these aggregates reflect a high-affinity interaction of the T247M
mutant with actin filaments outside of the Z-disk structure. Based on the nearly identical impact of the
T247M and M228T variants on the structure and function of the ABD, reported here, we expect M228T
will show cause similar aggregation and loss of Z-disk incorporation as T247M. Drug-like small molecules
have been identified that partially ameliorate high-affinity actin binding of a L253P mutant B-I11-spectrin
ABD[37]. Drug screening for a-actinin-2 may also identify actin-binding modulators useful in treatment

in cardiomyopathy.
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