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Appendix Figure S1

Species 0 Zz——————-= Pore-——————————————  —————————————————————— C-terminus

IVSE EF-hand:++ 4+ ++
Human Cayl.l] AVFYFISFYMLCAFLIINLFVAVI
Human Cayl. 2| AWFYFISFYMLCAFLIINLEVAVI
Human Cavl.3| AINYFISFYMLCAFLIINLEVAVI
Human Cavl. 4| ATRYFISFFMLCAFLIINLFVAVI
Monkey Cavl.Z2]| AWFYFISFYMLCAFLIINLFVAVL
Cow Carl. 2| AWFYFISFYMLCAFLIINLFVAVI
Rabbit Cavl.Z| AVFYFISFYMLCAFLIINLFVAVI
Rat Cayl.2| AVFYFISFYMLCAFLIINLFVAV.
Mole Rat Cayl. 2| AVFYFISFYMLCAFLIINLFVAVI
Mouse Cayl.Z| AVFYFISFYMLCAFLIINLFVAVI
Zebrafish Cayl. 2| AIFYFNSFYMLCAFLIINLFVAVI
Fly Cayl.Z2] ———YFISFYVLCSFLIINLFVAVI
S=a urchin AYWYFISFYSICSFLITNLFVAVI
Snail AIPYFISFLLTNAFEY LNMEVIEV
. Eleg ans AIWYFISFEML.CSFLVINLFVAVI
Jellyfish AYLYFMSFYMICSFLIINLEFVAVI

Pre-IQ Domain

Human Cayl.l LNSDGTVEFNZLFALVRTALEIFRTEGNEEQANEELRAT IRRIWERTSMELLDJ
Human Cayl.Z2 LN3DGTVMEFNALFALVRTALRIRTEGNLEQANEELRAIIRRIWERTSMELLDJ
Human Cavl.3 LN3DGTVMENALEFALVRTALEIFRTEGNLEQANEELRAWIFRKIWEFRTSMELLDJ
Human Cavl.4 LNSDGTVTFNALFALVRTSLEIFRTEGNLEQANQELRIVIFRIWFRMREQFLLDH
Monkey Carl.2 LNSDGCTVMENAILFALVRTALRIETEGNLEQANEELRATIIERIWERTSMELLDJ
Cow Cavl.Z LN3DGTVMEFNALFALVRTALRIFRTEGNLEQANEELRAIIRRIWERTSMELLDJ
Rabbit Cavl.Z LN3DGTVMEFNAMLEALVRTALRIETEGNLEQANEELRAIIFRKIWEFRTSMELLDO
Rat Cayl.2 LNSDG LFALVRTALRIRETEGNLEQANEELRAT TRRTWERTSMRELLDC
Mole Rat Cayl.Z2 LNSDGTVMFNALFALVRTALRIERTEGNLEQANEELRAIIFRIWERTSMELLDO
Mouse Cayl.2 LNSDGTVMEFNALFALVRTALEIFRTEGNLEQANEELRATIIRRIWERTSMELLDJ
Eebrafish Cayl.2 LNSDGCTVMENALFALVRTALRIETEGNLEQANEELRAINEEIWERTSMELLDJ
Fly Cayl.Z2 LN3SDGTVLENALFAVVRTESLSIFRTDGNIDDANSELRATIFOIWERTNPFLLDJ
Sea urchin LN DETVHMFNAN LF AT I RTS LR IR TEGN IDCENEELRAVIFRIWERTSTELLDJ
Snail LNEDETVHMFNA LF AL VRTS LR TR TEGN IDEANEELETVIFEIWERTSPELLDJ]
Worm LN DGETVEEN AN LFALVETNLEIY TECGNIDEANEQTLESATFRIWERTHRDT. I.[/E
Jellyfish MNNDCTVEFHA LFALVETSLNIERPDAT LHLNNELEG ILEHLWERTNENT.E DF

‘Home sapiens,’Pan treglodytes,*Bos taurus, “Oryctolagus cuniculus, ‘Rattus norvegicus, *Heterocephalus glaber, Mus muscnlus, *Danio resio, *Drosephila melanogaster,
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U1 ymnea stagnalis, *Caenorhabditis elegans *Cyanea lamariai

Color code of residues: Different from Ca,1.2

WVEPPAG-DDEVTV

I DOMATN

T TVGEEYATFLIQERFREFMERQE
T TVCEFYATFLIQEY FREFEEREE
T TVERFYATFLICDY FREFEEREE
T TVEEEYATFLIQDY FREFRRREE
T TVEEEYATFLIQEY FREFEFREE
T TVCEFYATFLIQEY FREFEEREE
T TVERFYATFLIQEY FREFEEREE
TFLEQEYFREFRERKE
T TVEEFYATFLIQEY FREFREREE
T TVEEEYATFLIQDY FRRFEEREE
T TVGEEYLATFLIQEY FREFEEREE
T TVCEFYATYLIODY FREFREREE
W TVERFYATFLIODY FRRFEKERFD
T TVEEEYATFLIQDY FRRFEEREE
T TVCEFYATFLICDY FRRFEEREE

I TVGCEFYATFLIOEYFREFEEFEE

NFDYLTREDWSILGPHHLDEFFAIWAEYDPEARGRIFHLDVVTLLERIQPPLGFGEFCFHRVACFRLVGMNME
NFDYLTREDWSILGPHHLDEFERIWAEYDPEARGRIFHLDVVTLLERIQPPLGFGELCPHRVACFRLVSMNME
NEDYLTRDWSILGPHHLDEFFRIWSEYDPERRGRIFHLDVVILLERIQPPLGEFGRELCPHRVACERLVAMNME
NEDYLTRDWSILGPHHLDEFFRIWSEYDPGARGRIFHLDVVALLERIQPPLGFGELCPHRVACERLVAMNME
NFDYLTREDWSILGPHHLDEFRRIWAEYDPEARGRIFHLDVVTLLERIQPPLGFGELCFHRVACERLVSMNME
NFDYLTREDWSILGPHHLDEFERIWAEYDPEARGRIFHLDVVTLLERIQPPLGFGELCPHRVACFRLVSMNME
NEDYLTRDWSILGPHHLDEFFRIWAEYDPERRGRIRHLDVVILLERIQPPLGEFGRLCPHRVACERLVSMNME
NFDYLTRDWSILGPHHLDEFFRIWAEYDPEARGRIFHLDVVILLERIQFPPLGFGRLCFHRVACERLVSMNME
NEDYLTRDWSILGPHHLDEFFRIWAEYDPERRGRIRHLDVVILLERIQPPLGEFGRLCPHRVACERLVSMNME
NEDYLTRDWSILGPHHLDEFFRIWAREYDPERRGRIFRHLDVVTILLERIQPPLGFGRELCPHRVACERLVSMNME
NFDYLTREDWSILGPHHLDEFERIWAEYDPEARGRIFHLDVVTLLERIQPPLGFGELCPHRVACEFRLVSMNME
NEDYLTRDWS ILGPHHLDEFIRLWSE Y DPDARFGRIFHLDVVILLERISPELGFGRLCPHRMACFRLVSMNME
NEDYLTRDWS ILGPHHLDEFNMROWSEFDFPDAT GRIFHLDVVTLLES ISPPLGFGRELCPHRIACFRLVEMNME
NFDYLTEDWSILGPHHLDEFNELWSE Y DFEARGRIHYT DMYEMT,.ENMEFPPMGFGERCE YEL20OR T, VSMNME
NFDYLTREDWS ILGPHHLEEFNMELWSE Y DPBARGRIFHLDVVTLLERISPPLGFGELCPHRRACFRLVSMNME
NEDYLTRDWS ILGAHHLEEYXWRIWAEY DEPERS GFMFHVDIVSML AR IEPELGEFGRCCPHREACFRLVSMNMM

EYYGYRE
DGLVGERP
DGLVGER
LI GND
DGLVGEP
DGLVGEP
DGLVGEPR
DELVGKP
DGLVGEPR
DGLVGEP

ERFEFEK
Strongylocentrus purpnratus,

Important for apoCaM binding

2|Page



Appendix Figure S1. Amino acid sequence alignment of the membrane proximal portion of
the C-terminal tail of L-type Ca?* channels.

Bold refers to reference sequence (rat a11.2), turquoise to divergency in amino acid sequence, red
to residues K1647 and Y1649, which are important for a-actinin binding only, green to 11654,
which is important for both, a-actinin and apoCaM binding, and yellow to F1658 and K1662,
which are important for apoCaM binding only. Amino acid sequences were derived from species
according to the numerical labeling'"!3. Data were extracted and compiled from

uswest.ensembl.org.
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Appendix Figure S2
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Appendix Figure S2. Isothermal titration calorimetry of apoCaM added to IQ peptide.

a, Change of heat resulting from incremental addition of apoCaM (100 uM stock solution) into IQ
peptide (10 uM) during ITC titration at 27°C in 50 mM HEPES (pH 7.4), 100 mM KCI, 0.05 mM
EGTA and 1 mM MgCl,.

b, A binding isotherm of apoCaM binding to 1Q peptide was derived from the integrated heat at
each injection after subtracting a blank titration (to remove heat of dilution). The binding isotherm
for apoCaM binding to IQ exhibited no detectable heat signal above the noise level, consistent
with low fractional binding under ITC conditions and/or low enthalpy caused by the relatively
weak binding affinity (K4 = 10 uM, see Fig. 2e and Table 4).

¢, Fluorescence polarization for binding of apoCaM (0.015 to 256 uM) to fluorescein-labeled WT
1Q peptide (1.0 uM) in the presence of 100 mM KCI (black squares) versus zero KCl (red dots) at
room temperature. The buffer was the same as in (a) except that KCl was excluded in the zero KCI
sample. The data were fit to a one-site model (dotted lines) with K¢ = 10 uM in the presence of

100 mM KCl and K4 = 2.6 uM in the absence of KCl.
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Appendix Figure S3
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Appendix Figure S3. Cav1.2 mutations that affect a-actinin-1 binding do not impair
voltage sensitivity of channel activation.

HEK?293 cells were transfected with a11.2, a20-1, and B2a before whole cell patch recording in 20
mM Ba?".

a, [-V curves. Currents were recorded upon depolarization from a holding potential of -80 mV to
increasingly more positive potentials (insert on left). Shown are peak currents. Dashed lines
indicate SEM. The WT Cavl.2 curve is reproduced in all graphs for the Cay1.2 mutants.

b, G-V curves. Tail currents (Itaii) were recorded upon repolarization to -50 mV following
depolarization from a holding potential of -80 mV to increasingly more positive potentials. Shown

are fitted curves in top panels and dot blots in bottom panels.
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Appendix Figure S4
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Appendix Figure S4. Structural modeling addressing the function of Y1649 in the a11.2 1Q
motif and how the E851K mutation of a-actinin affects its binding to the IQ motif.

a, Y 1649 stabilizes the a-helical conformation of the a1 1.2 IQ motif and thereby a-actinin binding.
Shown is a cartoon representation of a11.2 IQ motif a-helix (orange) and a-actinin-1 EF3-EF4
(blue). Sidechains of key residues are depicted as stick representation and labeled. Y1649 is in
close proximity to L1653, which is about one a-helical turn downstream of Y 1649. Stabilization
of this a helix ensures correct positioning of 11654, which is critical for binding to a-actinin. This
figure was created using UCSF Chimera (Pettersen et al., 2004).

b-d, The lysine residue in the E851K mutation of a-actinin destabilizes the canonical EF hand
structure. Conformers of the lysine residues when used to substitute E851 by itself or together
with E847 in a-Actinin-1 and of the glutamate residue when used to substitute K1647 in the 1Q
motif were calculated for the structure of the complex between the 1Q motif of a11.2 and EF3 EF4
of a-Actinin-1 using the UCSF Chimera rotamer tool (Pettersen et al., 2004). The a11.2 1Q a-
helix is shown in orange and the a-actinin-1 EF3-EF4 in blue. Sidechains of key residues are
depicted as stick representation and labeled. The lysine rotamers (thin sticks) are overlaid on top
of the original E851 and E847 residues and the glutamate rotamers on top of the original K1647
residue.

b, Simulation of rotamers for the E§51K mutation in a-actinin-1 to show possible conformations
of the lysine sidechain.

¢, Simulation of rotamers for the E851K mutation in a-actinin-1 and the K1647E mutation in a;1.2
to show possible conformations of the lysine and glutamate sidechains.

d, Simulation of rotamers for the E847K and E851K mutations in a-actinin-1 and the K1647E

mutation in o1 1.2 to show possible conformations of the lysine and glutamate sidechains.
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Appendix Table S1. 95% Confidence intervals (CI) for surface labelling, Qon, and Po for
WT and 1Q mutant Cav1.2

Given are means+=SEM and 95% Cls for experimental values. The number of experiments is shown
in parenthesis. *The biotinylation and flow cytometry data are based on data originally published

by Tseng et al (2017).
*Flow Gating
*Biotin- o, | Cytom o, | Current o Popen o
Parameter ylation 9(5:I/° etry QgIA) Qon ggIA, (% of 9(5:I/°
(% of WT) (% of (% of WT)
WT) WT)
a11.2 WT 1000 0-0 1000 0-0 100£24 | 78- 10812 87-
(16) (7) (18) 122 (35) 113
K1647A 6115 52- | 617 | 51- 3519 26- 812 6-10
(11) 69 (7) 71 (15) 44 (12)
94+7 85- 93+20 | 73-
F1648A (8) 104 ND ND (14) | 114
6615 61- | 63t7 | 52- 2618 18- | 155
Y1649A (12) 2|l 6 74| (13 | 35 | 8 &%
68+4 63- | 618 | 49- 23+10 1015
11654A (10) 73 (6) 74 (13) 1-34 7) 3-17
8515 78- | 10416 | 93-
Q1655A 7) 92 (4) 116 ND ND
13916
76116 59- 45-
F1658A ND ND (13) 93 4 121
(12)
12013
93429 52- 86-
K1662E ND ND (17) 134 (123) 154
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Appendix Table S2. 95% Confidence intervals (CI) for surface biotinylation for Cavl1.2 / a-
actinin-1 charge inversion experiments

Given are means+SEM and 95% Cls (based on original data from this manuscript). The number
of experiments is shown in parenthesis.

Parameter | Biotinylation | 95%
(%) (o]
10046 86-
a11.2 WT @ 14
T .tz_ WTV;T 1536 130-
a-Actinin 7) it
a-Actinin WT (5) 126
a11.2 WT +
a-Actinin 48+9 24-
a11.2 K1647E
+ 605 47-
a-Actinin WT (5) 73
a11.2 K1647E
+
a-Actinin 5(541)5 372
EE/KK
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Appendix Table S3. 95% Confidence intervals (CI) for Po for
Cavl.2 / a-actinin-1 charge inversion experiments

Given are means+SEM and 95% Cls (based on original data from this manuscript). The number
of experiments is shown in parenthesis.

Parameter Popen (%) | 95%
cl
100420 | 87-
a11.2 WT (35) 13
‘T 't2. WTV;T 23359 | 186 -
o~=ACtinin (23) 280
ol 2WT+ | 55400 | 32-
a-Actinin (13) 78
EE/KK
a11.2 K1647E
+ 100¢18 | 87-
a-Actinin WT (30) 113
a11.2K1647E
+ 14728 | 120-
a-Actinin (16) 174
EE/KK
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Appendix Table S4. Oligonucleotides used for QuikChange I mutagenesis.

Used primers

Cav1.2/
a-Actinin-1 Primer (Forward/Reverse; Bold type indicates mutated nucleotide)

Br-Covt 2-ateK1647ELoy | B — COA GGT CAC AGT GGG CGA ATT CTATGC CAC CTT C -3

ABr-Cort 2-a1eK164TERey | B — GAA GGT GGC ATA GAA TTC GCC CAC TGT GAC CTC G -3

ABr-Cavl 2-ateKioeror | @ — CAA GAG TAC TTC AGG AAA TTC GAA AAG CGA AAA GAG CAG GGG CTG - 3

ABr-Cot 2-a1eK1660.Rey | B — CAG CCC CTG CTCTTT TCG CTT TTC GAATTT CCT GAA GTACTC T1G - 3

HUM-ACTN-1-E847K-Forw 5 — GAA CTA CAT TAC CAT GGA CAAATT GCG CCGCGAGCTGCCACCC -2

HUM-ACTN-1-E847K-Rev 5 - GGG TGG CAG CTC GCG GCG CAATTT GTC CAT GGT AAT GTAGTTC -3’

HUM-ACTN-1-E847KE851K-Forw | 2 — CCA TGG ACA AAT TGC GCA GAA AGC TGC CAC CCG ACC AGG -3’

Hum-ACTN-1-E847KE851K-Rev | 5 — CCT GGT CGG GTG GCA GCT TTC TGC GCAATTTGT CCATGG -3
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