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Construction of the SERCA-PLB complex

The structure of the cytoplasmic domain of PLB was modeled using the NMR
ensemble of rabbit PLB in its monomeric form (PDB: 2kb7) (1). The amino acid
sequences of rabbit PLB and PLB4 are shown in (Figure S2). We used several criteria to
select the most appropriate conformation to construct the full structure of PLB in the
complex because NMR spectroscopy resolved multiple orientations of the cytoplasmic
domain of PLB. First, we superimposed residues 24-49 of each structure in the 20-
structure NMR ensemble on residues 23-48 of PLB4 in the crystal structure. Upon
alignment, we discarded unrealistic structures of PLB, i.e., structure where the
cytoplasmic domain of PLB is inserted in the structure of SERCA. Only 15 of the 20
NMR structures were considered as potential templates to model the structure of full-
length PLB (Figure S10). Next, we used the PPM server (2) to determine the position of
the crystal structure of SERCA-PLB4 in a lipid bilayer. We selected only structures of
PLB where the cytoplasmic domain is perpendicular to the bilayer normal and discarded
structures where the cytoplasmic domain is embedded in the lipid bilayer (i.e., structures
NMR-1, NMR-4 and NMR-5, (Figure S10). This filtering procedure yielded 7 potential
templates: structures NMR-2, NMR-3, NMR-9, NMR-14, NMR-15, NMR-16 and NMR-
19 (Figure S10). Based on the structural identity of these structures, the seven
conformations were clustered in two conformations: conformation NMR-A, represented
by the average structure of NMR-2, NMR-3, NMR-9, NMR-15, NMR-16 and NMR-19,
and NMR-B, represented by structure NMR-14 (Figure S10).

We used structures NMR-A and NMR-B to obtain the best possible model of full-

length PLB in the complex. Modeling was done by fusing residues 1-20 of NMR-A and



NMR-B to residues 21-48 of PLB in the crystal structure. The structure NMR-B was used
to reconstruct the C-terminus of PLB (residues M50-L52). Finally, residues A27, C30,
A37 and G49 of PLB4 were changed to N27, N30, L37 and V49 to produce a model of
rabbit PLB. The stereochemical quality of the initial models was verified with
PROCHECK (3, 4), showing no major aberrations in the geometry of the complexes. We
performed several 20-ns MD simulations of the fully solvated SERCA-PLB complex
starting from the conformations NMR-A and NMR-B of PLB. MD simulations showed
that in all cases, conformation NMR-A converges toward NMR-B, but MD simulations
starting from NMR-B do not converge toward NMR-A (Figure S11). This indicates that
NMR-B represents a relaxed structure of PLB in the complex. Therefore, we used NMR-B

[model 14 of the NMR ensemble of rabbit AFA-PLB mutant (1)] as the starting conformation to

simulate the dynamics of SERCA-PLB.



Table S1. SERCA crystal structures used for MD and structural
analyses. PDB codes, bound ligands, and biochemical state assignments
are indicated.

PDB ID
1su4
Ivip
1t5s
3ar2
3n8g
3wSa
3wS5b
4dhlw

PDB ID
liwo

2agv

2ear

2eat

2¢8k

2eau
3wS5c
4kyt

*Akin et al. (5)
"This study.

Cation-bound crystal structures

Ligands in crystal
2Ca*"

2Ca*", AMPPCP
2Ca*", AMPPCP
2Ca*", AMPPCP
2Ca*", AMPPCP
Mg®", Sarcolipin
Mg2+

2Mg*", Sarcolipin

Assigned biochemical state
E1+2Ca*"

E12Ca*"ATP
E1-2Ca*"ATP
E12Ca*"ATP
E1-2Ca*"ATP
El-Mg’*-SLN

EleMg*

El1+2Mg*"-SLN

Cation-free crystal structures

Ligands in crystal

Thapsigargin

Thapsigargin, BHQ

Thapsigargin

Thapsigargin, Cyclopiazonic acid
Thapsigargin, AMPPCP
Cyclopiazonic acid

Phospholamban

Assigned biochemical state
E2¢3H"

E2¢3H"

E2¢3H"

E2¢3H"

E2¢3H *ATP

E2<3H"

E2<3H"

“E2e3H" //°ElH77;"



Table S2. Predicted pK, values of acidic residues using different crystal structures of
SERCA.

Cation-bound crystal structures (E1)

PDB code E309 E771 D800 E908
Isu4 10.5 33 -0.5 8.8
1vip 6.1 2.7 0.1 8.7
3w5a 5.6 6.6 2.9 8.8
3w5b 6.7 53 3.5 9.7
3AR2 6.1 1.0 2.6 8.9
1t5s 6.6 2.6 -0.2 9.0
4hlw -0.2 6.2 2.8 8.0
3n8g 5.8 3.2 -0.2 8.5

Cation-free crystal structures (E2)

PDB code
liwo 6.4 10.8 6.8 10.1
2agv 8.7 10.9 8.2 9.7
2ear 8.3 10.5 8.0 9.9
2eat 8.7 10.3 7.0 11.6
2¢8k 9.0 10.5 7.8 10.0
3w5c 9.7 11.1 7.3 9.4

2eau 9.7 10.8 7.2 9.6



Figure S1. Comparison between SERCA-PLB,
E2 and E1 SERCA. The TM domain of SERCA-
PLB (red ribbons) were superposed with
E1.Mg2+ (blue, PDB: 3w5b) and E2 (green;
PDB: 3wb5c).
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Figure S2. Amino acid sequence of dog mutant PLB4 and
rabbit wild-type PLB. The blue box indicates the segment of PLB4
that is detected in the x-ray density map of the SERCA-PLB4
complex; the red boxes indicate segments of PLB4 that are not
detected. Mutations in PLB4 are shaded in green.
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Figure S3. Secondary  structure
evolution of PLB bound to SERCA.
Secondary structure is colored as helix
(pink), turn (cyan), and coil (white).The
location of the cytoplasmic (residues E2-
S16) and TM (residues A24-L51) helices is
shown in brackets (left). MD1-MD3 are
independent trajectories of the complex.
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Figure S4. RMSD evolution of PLB
bound to SERCA. RMSD was calculated
for full-length PLB (red) and TM domain
(black). Backbone alignment was used for
RMSD calculation of the TM helix. MD1-

MD3 are independent trajectories of the
complex.
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Figure S5. RMSD evolution of E2
domains. RMSD of the TM domain of
SERCA was calculated using backbone
alignment for TM helices of the pump.
RMSD of N, P and A domains was
calculated by aligning the backbone of the
cytosolic headpiece with the structure at the
beginning of each trajectory. The PDB
codes (upper left) indicate the structures
used to generate each trajectory of E2.
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Figure S6. Identification of a water wire in the C-path of
SERCA in E2, but not SERCA-PLB inE1+H'77:. (A)
Depiction of a water wire in E2. This water wire (6 water
molecules) starts in the transport sites and continues along
an open C-path delineated by residues Y763, S766, S767
and N911. Residue R762 points away from the path in an
‘open” position that allows water exchange between the
transport sites and the cytosol. (B) The C-path of E1¢H"774
is filled with two water molecules around residue N911, but
a water wire characteristic of E2 is completely absent. In
addition, residue R762 is found in a “closed” position,
blocking water access from the cytosol to the Ca** sites,
and vice versa. SERCA is shown as grey ribbons, protein
side chains as sticks, and water molecules as van der
Waals spheres.
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Figure S7. Distance evolution of carboxyl-carboxyl pairs
between SERCA residues E771, D800, and E908 in E1°2K" and
E1¢H"771. Distances between E771 and D800, were calculated using
atoms C;s and C,, respectively. The distance between E771 and E908
(E771-E908) was calculated between the protonated oxygen (Og2)
from the carboxylic group of E908 and the atom O¢1 from E771.
Finally, the distance D800-E908 was calculated between atoms Og;
and C, of E908 and D800, respectively. Distances were calculated for
MD simulations of E1¢H"771 -PLB (red) and compared with E1¢2K"
(black). We also show the distances in the crystal structure of
SERCA-PLB (4kyt in orange) and E1¢2Ca?* (average of 1su4 and
1vfp in cyan). The distances show that E1¢H"774 -PLB does not
produce a competent transport site I.
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Figure S8. Distance evolution between residues N34 of PLB
and Q108, G801 and T805 of E1*H*771. The plots show that N34
of PLB interacts with G801 and T805 throughout the entire
simulation time in all trajectories. Distances between G801 and N34
(G801-N34), were calculated using atoms Opackbone and N,
respectively. The distance between T805 and N34 (E771-E908)
was calculated between the O, of T805 and N of N34. The
distances Q108-N34" and Q108-N34® were calculated for O.-Ns
and N¢-Os pairs, respectively.

13



Flgure S9. K’ interactions with SERCA in the transport sites.
(A) Structure of the transport sites at the end of the 0.3 us trajectory
of SERCA-PLB with ionized residue E771. (B) Geometry of the
transport sites at the end of the MD simulation of apo SERCA in the
absence of PLB but protonated on E771. (C) Structure of the
transport sites at the end of the 0.3 pys MD simulation of apo
SERCA and in the absence of protonation on E771. In all panels,
the TM helices are represented by grey ribbons and cation-binding
residues are shown as sticks, and K* ions are shown as yellow
spheres.
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Figure S10. Superposition of NMR structure of PLB on the
crystal structure of SERCA-PLB. We show fifteen structures of
AFA-PLB considered as potential templates to model the structure
of full-length PLB. The structures are labeled using the notation
NMR-X, where X indicates the structure of PLB in the original NMR
ensemble (PDB: 2kb7). As described in the Methods section, we
found that seven out of fifteen structures were further considered as
viable templates to model PLB in the complex. Based on the
structural identity of these structures, the seven conformations were
clustered in two conformations: conformation NMR-A, represented
by the average structure of NMR-2, NMR-3, NMR-9, NMR-15,
NMR-16 and NMR-19 (red boxes), and NMR-B, represented by
structure NMR-14 (blue box). SERCA is shown as grey surface and
PLB4 as yellow ribbons. The NMR structures of PLB are shown as
magenta ribbons. The boundaries of the lipid bilayer are shown in
orange.
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Figure S11. Structural superposition of conformations
of structures NMR-A and NMR-B. We show initial and
structures at the end of the 20-ns MD simulations. All
structures were aligned using residues 23-52.
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