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Summary

Calcium hemostasis modulator 1 (CALHMI) is a voltage- and Ca**-gated ATP
channel that plays an important role in neuronal signaling. The currently reported
CALHM structures are all in an ATP-conducting state, and the gating mechanism of
ATP permeation remains elusive. Here, we report three cryo-EM reconstructions of
Danio rerio heptameric CALHM s with ordered or flexible long C-terminal helices as
well as Danio rerio octameric CALHM1 with flexible long C-terminal helices at
resolutions of 3.2 A, 2.9 A, and 3.5 A. Structural analysis revealed that the heptameric
CALHMIs are in an ATP nonconducting state in which the pore diameter in the middle
is approximately 6.6 A. Compared with those inside the octameric CALHM s, the N-
helices inside heptameric CALHM s are in the “down” position to avoid steric clash
with neighboring TM1 helices. Molecular dynamic simulation shows that the pore size
is significantly increased for ATP molecule permeation during the movement of the N-
helix from the “down” position to the “up” position. Therefore, we proposed a
mechanism in which the “piston-like” motion of the N-helix drives the dynamic
assembly of the CALHMI1 channel for ATP molecule permeation. Our results provide

insights into the ATP permeation mechanism of the CALHM1 channel.

Keywords: Calcium hemostasis modulator; CALHMI1; ATP permeation; gating

mechanism; assembly; Cryo-EM.
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Introduction

Adenosine triphosphate (ATP) release channels play an important role in various
cellular signaling events (Abbracchio et al, 2009). Consequently, their malfunctions are
associated with many pathophysiological processes, including neurological disorders,
inflammation, and cancer progression (Taruno, 2018). Extensive research has identified
five family proteins as ATP release channels so far, although some of them await further
verification. These five family proteins are connexin hemichannels, pannexins
(PANXSs), calcium hemostasis modulators (CALHMSs), volume-regulated anion
channels (VRACs), and maxi-anion channels (MACs) (Taruno, 2018). Convergent
evolution analysis showed that they all have four transmembrane helices (TMs) in the
monomer that forms an oligomer with a pore in the middle (Siebert et al, 2013).

CALHMI1 is a large-pore nonselective ion channel gated by voltage and
extracellular Ca®" concentration (Ma et al, 2016). In addition, CALHMI1 is a voltage-
gated ATP release channel that mediates purinergic neurotransmission of sweet, bitter,
and umami tastes from type II taste bud cells to the taste nerve (Romanov et al, 2018;
Taruno et al, 2013). Compared with the slow activation kinetics of CALHM1 homo-
oligomerized channels, CALHMI1/CALHM3 can form hetero-oligomerized ion
channels with rapid voltage-gated activation kinetics that are closer to physiological
states in vivo (Ma et al, 2018). Structural studies of CALHM family proteins have
recently made great progress (Foskett, 2020). CALHMI1 structures of several species
have been reported to be octamers that do not form gap junctions due to N-glycosylation

of the extracellular loop (Demura et al, 2020; Ren et al, 2020; Syrjanen et al, 2020).
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CALHM?2 is different from octameric CALHM]1, and it forms an undecamer, with two
conformations of hemichannels and gap junctions (Choi et al, 2019; Demura et al, 2020;
Drozdzyk et al, 2020; Syrjanen et al, 2020). It is puzzling that different CALHM
isoforms form diverse oligomeric assemblies. Recent research on the CALHMI-
CALHM2 chimera structure indicated that interactions between the C-terminal helices
(CTHs), and the TM4-CTH linker may determine the oligomeric state of the CALHM
channels (Syrjanen et al, 2020). Ren et al. proposed that the extracellular loop 1 region
within the dimer interface may contribute to oligomeric assembly (Ren et al, 2020).

In this research, we reported three cryo-EM reconstructions of the Danio rerio
CALHMI1 heptamer with ordered long C-terminal helices (drCALHMI1-hepta-LCH)
and flexible long C-terminal helices (dlrCALHM1-hepta-noLCH) as well as the D. rerio
CALHMI octamer with flexible long C-terminal helices (drCALHM]1-octa-noLCH).
The comparison between different CALHM1 oligomers from the same species suggests
that the “piston-like” motion of the N-helix inside the pore may drive the dynamic

assembly of the CALHM 1 channel and thus regulate ATP permeation.

Results
Structure determination of drCALHM]1 channels

The structures of CALHMI1 channels were determined by cryo-electron
microscopy (cryo-EM). drCALHMI channels were purified in the presence and
absence of Ca?" and concentrated for cryo-EM sample preparation. All data sets were

collected using a Titan Krios electron microscope operated at 300 kV accelerating
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voltage with a K2 Summit direct electron-counting detector. Details on the data
collection and data processes are shown in Supplemental Figures 1-4. The drCALHM1-
hepta-LCH structure was reconstructed from the data set in the presence of Ca®". The
drCALHMI1-hepta-noLCH and  drCALHMI-octa-noLCH  structures  were
reconstructed from data sets in the absence of Ca?*. The final 3D reconstructions of
drCALHMI1-hepta-LCH, drCALHM1-hepta-noLCH, and drCALHMI1-octa-noLCH
were determined at overall resolutions of 3.2 A, 2.9 A, and 3.5 A, respectively
(Supplemental Figures 1 and 2). The electron densities are sufficient to resolve most

amino acid side chains (Supplemental Figures 3 and 4).

Overall structure of the drCALHM1-hepta-LCH channel

The overall structure of the heptameric drCALHMI is shaped like a barrel and
can be divided into three parts: extracellular loop, transmembrane domain, and
cytoplasmic domain (Figure 1). From the top view, its extracellular region forms a ring
with a diameter of approximately 98 A, and seven small helices in the middle of the
ring can be clearly observed (Figures 1A and 1D). The side view shows that the height
of the drCALHM1 heptamer is approximately 92 A. There are multiple lipid molecules
that exist inside a protomer and within the interface of two protomers (Figures 1B and
1E). From the cytosolic view, it can be observed that the cytoplasmic domain mainly
consists of one long helix. Seven C-terminal long helices (CTH) intercross each other
(Figures 1C and 1F), resulting in a ring diameter of approximately 100 A. The overall

drCALHM1 heptamer is quite similar to that of previously reported octamer (Ren et al,
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2020) except for the different oligomerization states.

ATP nonconducting state of the drCALHM1-hepta-LCH

As shown in Figure 1, the heptamer has smaller pores than the octamer, and we
further calculated the exact pore size with the N-helix having all alanines in the current
model (Figure 2A). The narrowest diameter of the drCALHM1-hepta-LCH channel is
approximately 14 A (Figure 2B). If the putative side chain was built for the N-helix,
the pore diameter was reduced to 6.6 A, which blocked ATP permeation through the
pore but allowed ion flux. To further validate this result, we took advantage of the
molecular dynamics (MD) simulation methodology. Coarse-grained simulations of
drCALHMI1-hepta-LCH in the presence of 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC) lipids were carried out. We added hydrated Na*, hydrated K*,
and CI ions on either side of the POPC bilayer to Martini v.2.0 forcefield (Monticelli
et al, 2008). Ca®" ions were added on the extracellular side. During replicates of 10-us
coarse-grained MD simulations, we observed that multiple Na* cations, K* cations, and
Cl” anions crossed the membrane through the drCALHM]1-hepta-LCH channel. In
contrast, Ca** ions were still on the extracellular side of the POPC bilayer after
simulations (Figure 2C). Ca*" ions occasionally moved closer to interact with Glu79
and Glu80 in the extracellular loop and were unable to pass through the heptameric
channel. These simulation results indicated that the drCALHM 1-hepta-LCH channel
favors the permeation of small ions (Na*, K*, and CI") but repulses Ca>" ions. Moreover,

its pore size is too narrow for bulky ATP molecules.
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These results suggest that the drCALHMI-hepta-LCH channel is a closed
conformation for ATP permeation. It has been noted that the ATP nonconducting
conformation reported herein is the first to be resolved.

We also calculated the electrostatic surface potential distribution of the
drCALHM 1-hepta-LCH channel and found that the positive potential at the center of
the pores of the heptamer is significantly stronger than that of the octamer
(Supplemental Figure 5), which may be due to the change in the oligomerization state
to make the heptameric channel more compact. The strong positive potential
distribution inside pores may indicate the voltage-dependent characteristics of ion flux
through the CALHMI1 channel, as shown by electrophysiological studies (Tanis et al,

2017).

Structural comparison of heptamer and octamer

To address the underlying mechanism of two different oligomers formed by the
same CALHMI1 protomer, we compared the heptamer and the octamer by the
superimposition of one protomer together (Figure 3A). The entire heptamer forms a
smaller circle than the octamer does. The protomer is composed of four transmembrane
helices (TM1, TM2, TM3, and TM4), one extracellular helix, and one CTH. The
protomers from the heptamer and octamer are extremely similar except for the position
of the N-helix. Compared with the N-helix of the octamer, the N-helix of the heptamer
moves towards the cytosolic direction by approximately 6 A (Figure 3B) (defined as

the “down” position in the heptamer and the “up” position in the octamer hereafter),
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resulting in “piston-like” motion inside the pore. In the heptamer, the N-helix aligns
parallelly with TM1 and forms an interaction with TM1 (Figure 3C). The side chain of
Leu28 has hydrophobic interactions with Alal0. Moreover, the N-helix from one
protomer has multiple interactions with TM1 from the neighboring protomer. One
hydrogen bond was formed between the side chain of GIn32 and the main chain
carboxyl oxygen atom of Ala9. Additionally, the side chain of Ile25 has hydrophobic
interactions with Alal6. Due to the density quality, only an alanine model was built for
the N-helix. We anticipated more interactions between the N-helix and TM1 if the side
chain of the N-helix could be built.

We then superimposed the dimers from the heptamer and the octamer. These two
dimers are similar except for two N-helices (Figure 3D). Similar to the protomer
comparison result, two N-helices in the dimer adapted from the heptamer obviously
move down. After superimposing one protomer together, the neighboring protomer
from the heptamer occupies a closer position to the pore than that from the octamer
(Figure 3E), resulting in the N-helix from the octamer having a steric clash with TM1
from the heptamer (as shown by the red arrow). Therefore, the N-helix is mandatory in
the “down” position in the heptamer, suggesting that the “up-down” motion of the N-
helix may regulate the assembly of the octamer and the heptamer to gate ATP

permeation.

Up-down motion of the N-helix increases the pore diameter

To exclude the possibility of artifacts in which the drCALHMI1 channel forms a
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heptamer, we transfected DNA encoding GFP-tagged full-length drCALHMI into
HEK293T cells and carried out electrophysiological studies. Large voltage-dependent
outward currents were observed using the whole-cell configuration (Supplemental
Figure 6), indicating that drCALHM1 expression in HEK293T cells forms a channel,
as previously reported for the Homo sapiens CALHM1 channel (Ma et al, 2012). Next,
we used two different crosslinking reagents, disuccinimidyl suberate (DSS) and
formaldehyde, to assess the oligomeric state of dArCALHMI1 and H. sapiens CALHM1
expressed in the plasma membrane of HEK293T cells by western blots. Heptamers and
octamers of CALHMI1 s were observed by increasing the concentration of both
crosslinking reagents (Supplemental Figure 7). These results validate our hypothesis
that CALHM1 can form both the heptamer and the octamer in cells. To further test the
possibility that the “up-down” motion of the N-helix can open the gate of ATP
permeation, we carried out MD simulations. With the help of unbiased supervised MD
and biased targeted MD simulations for drCALHM]1-hepta-LCH, we accelerated the
“up-down” motion of the N-helix in one protomer of the heptamer from the “down”
position to the “up” position on a time scale accessible to MD simulations. During the
supervised MD simulations, we monitored the root mean square deviation (RMSD) of
the N-helix of protomer 1 (P1) in the current structure compared with that of P in the
octamer to represent the movement of the N-helix. To monitor the pore size, we
calculated the minimum distance of any atom between two N-helices from P and P4
protomers (denoted as P1—P4 thereafter), from P, and Ps protomers (P>—Ps), from P3 and

Ps protomers (P3—Ps), and from P4 and P7 protomers (P4—P7) (Supplemental Figure 8A).
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There was obvious deformation of the 7-fold symmetry structure in the N-helix region
caused by the “up-down” motion of the N-helix in P; during the supervised MD
simulations. Then, we calculated the PMF for the RMSD of the N-helix vs. the P4—P7
distance (Figure 4A). The PMF map shows the transition process of the heptamer and
clearly depicts three different conformational states (state 1, state 2, and state 3) of the
heptamer starting from the initial state (state 0) (Figure 4B). In initial state 0, the RMSD
of the N-helix is approximately 6.66 A, and the P4-P7 distance is approximately 9.57 A.
In states 1, 2, and 3 transformed from state 0, the RMSD of the N-helix is 5.63, 4.80,
and 4.70 A, and the P4—P7 distances are approximately 9.79, 11.89, and 13.26 A,
respectively. The conformational state of the N-helix moves closer to that of Py in the
octamer. Meanwhile, the pore size gradually increased from 9.79 A to 13.26 A.
Furthermore, the targeted MD also observed that the pose size increased due to the “up-
down” motion of the N-helix (Supplemental Figure 8B). Conventional MD simulations
were performed as controls, and the position of the N-helix and the pore size of the
heptamer remained similar to those in the initial state throughout the simulation time

(Supplemental Figure 8C).

Structures of drCALHM1-hepta-noLCH and drCALHM]1-octa-noLCH

When processing the data sets in the absence of Ca?’, we identified different
conformation states for both heptameric (Figures SA-5F) and octameric (Figures 5G-5
L) drCALHMI1 channels in which long C-terminal helices are disordered and cannot be

modeled. The overall structures of drCALHM1-hepta-noLCH versus drCALHMI1-
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hepta-LCH and drCALHM1-octa-noLCH versus drCALHM1-octa-LCH are highly
similar except for long C-terminal helices (Supplemental Figures 9A and 9B). Moreover,
the pore diameters remained similar in these structures with or without long C-terminal
helices (Supplemental Figures 9C and 9D), indicating that the long C-terminal helix did
not regulate the pore size. We also compared the buried surface area of the protomer in
different conformational states. With the long C-terminal helix, the buried surface areas
are 948.6 A? and 959.6 A? for the monomer in the drCALHM 1-hepta-LCH structure
and drCALHMI1-octa-LCH structure, respectively. However, without the long C-
terminal helix, the buried surface areas are 627.6 A% and 603.3 A? for the protomer in
the drCALHMI-hepta-noLCH structure and drCALHMI-octa-noLCH structure,
respectively. These results suggest that the long C-terminal helix may serve as a scaffold

to stabilize oligomerized CALHM1 channels.

Discussion

In this study, we reported a heptameric drCALHM1 channel with an ATP
nonconducting conformation. Compared with the octameric drCALHM1 channel, the
heptameric drCALHM1 channel possesses two major changes. One is a much smaller
channel ring, leading to the smaller pore and thus possibly blocking ATP permeation.
Since the narrowest pore diameter is approximately 6.6 A, it is likely that the ions can
pass through the pores of the heptamer. Indeed, MD results showed that Na*, K", and
CI' can pass through the pore. However, Ca>" was precluded from the pore, which may

be caused by the positively charged environment inside the pore. Nevertheless, such
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narrow pores will unlikely allow ATP molecule permeation. The other difference is that
the N-helix moves towards the cytosolic direction by approximately 6 A to avoid the
steric clash with neighboring TM1 helices, suggesting that the change in the oligomer
state may be caused by the movement of the N-helix; in other words, the movement of
the N-helix may drive dynamic assembly of the CALHM!1 channel. Due to technical
limitations, MD simulation from the heptamer to the octamer is unfeasible. Instead, we
used supervised MD simulations and targeted MD simulations to monitor the potential
impact of the movement of the N-helix in the heptameric drCALHM]1 channel. As we
expected, the movement of the N-helix to the “up” position led to the deformation of
the 7-fold symmetric structure and significantly increased pore size.

We also determined two conformational states of heptameric and octameric
drCALHMI1 channels with flexible long C-terminal helices. Although the current
structures of drCALHMI-hepta-noLCH and drCALHMI1-octa-noLCH were
reconstructed from the Ca®’-free data set, these two conformational states can be
observed from the data set in the presence of Ca>". Moreover, it has been noted that the
final models of drCALHMI-hepta-noLCH and drCALHMI1-octa-noLCH do not
include long C-terminal helices due to the intrinsic flexibility in these specific
conformational states instead of protein degradation. The purified protein sample did
not show obvious degraded bands from the SDS-PAGE gel. Therefore, it is reasonable
to hypothesize that for the same type of oligomer, the drCALHM 1 channel may exhibit
equilibrium between two conformational states (ordered versus flexible long C-

terminal helices). Furthermore, from the buried surface area calculation of the protomer,
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it will be much easier to convert from the heptamer to the octamer for drCALHM1 with
flexible long C-terminal helices than that with ordered long C-terminal helices.

Together with previously published results, we proposed a molecular mechanism
of ATP permeation of the CALHM1 channel. In the resting state, the CALHM1 channel
may form a heptamer that blocks ATP permeation but allows ion flux. The heptameric
CALHMI1 channel may exhibit equilibrium between ordered long C-terminal helices
and flexible long C-terminal helices. Upon sensing, the N-helix inside the pore moves
up towards the extracellular direction, driving the heptamer with flexible long C-
terminal helices to form the octamer with flexible long C-terminal helices. At this stage,
the pore is wide enough to permeate the ATP molecule. ATP molecules may enter the
pore and induce the formation of ordered long C-terminal helices, which stabilize the
octameric drCALHMI channel in an open state and allows ATP molecule permeation.

Compared with the published ATP permeation mechanism of another ATP release
channel, Pannexin 1 (Ruan et al, 2020), our proposed mechanism of ATP permeation
has a common point: both use the C-terminal tail to regulate ATP permeation. The major
difference is that the C-terminal tail has to be cleaved during ATP permeation in
Pannexin 1, while the C-terminal part in CALHM1 may switch to the disordered region
for further assembly into higher-order oligomers to permeate ATP molecules.

To date, several CALHM subtype structures have been reported to form various
oligomers (Choi et al, 2019; Demura et al, 2020; Drozdzyk et al, 2020; Ren et al, 2020;
Syrjanen et al, 2020). Consequently, the “protein gate” or “lipid gate” model has been

proposed to explain ATP permeation (Choi et al, 2019; Drozdzyk et al, 2020; Syrjanen
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et al, 2020). Our results are unfavorable for these two models. We did not observe any
TM1 movement when compared with the closed and open states of drCALHMI1
channels. Additionally, MD simulations did not support that lipids enter the pore.
During the 10-us coarse-grained MD simulations, the lipids assembled into clearly
defined upper and lower leaflets around both proteins could not be accommodated
within both channel pores of proteins (Supplemental Figure 10). Our new “piston-like”
model is consistent with published functional data and provides a reasonable gating

mechanism of ATP permeation for these unique CALHM channels.
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Figure Legends

Figure 1. The overall architecture of drCALHM1-hepta-LCH. The surface (A) and
cartoon (D) representations of the cryo-EM density map of the heptameric drCALHMI,
viewed from the extracellular side of the membrane. The seven subunits are represented
by different colors. The surface (B) and cartoon (E) representations of the cryo-EM
density map of drCALHM 1-hepta-LCH, viewed parallel to the membrane. The lipid-
like densities are in gray. The surface (C) and cartoon (F) representations of the cryo-
EM density map of drCALHM]1-hepta-LCH viewed from the cytosolic side of the
membrane.

Figure 2. ATP nonconducting state of the central pore. (A) The permeation path of
the heptamer without the N-helix side chain calculated by HOLE is marked by yellow
dots. (B) The pore radii along the central axis of drCALHMI in different
oligomerization states are marked as follows: the heptamer with side chains is orange,
the heptamer without side chains is blue, and the octamer without side chains is gray.
(C) Positions of the ions in the heptamer channel in the coarse-grained simulations. The
monomers of heptamer are shown in ribbon representation, Na*, K", CI", and Ca’" ions
are shown in sphere model and colored purple, red, green, and orange, respectively.
The color changes over the simulation time from transparent to opaque.

Figure 3. Structural comparison of the heptamer and the octamer. (A) Cartoon
representation of the drCALHM1 heptamer (rainbow) and octamer (gray) viewed from
the top of the membrane after superimposing a protomer from each oligomer. (B)

Superimposition of the TMDs of the drCALHM1 heptamer (orange) and octamer (gray)
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viewed from the side of the membrane. The N-helix of the heptamer is marked in red
for better contrast. (C) The interaction between the N-helix and the TM1. Orange TM1
and red N-helices are in the same protomer, and blue TM1 is on another adjacent
protomer. The dashed line represents the hydrogen bond. (D) Comparison with dimers
of different oligomeric states of drCALHMI1 by superimposition of a protomer. The
protomer of the heptamer is superimposed in orange, the other is blue, and the N-helix
is marked red for contrast. The octamer is gray. (E) Comparison with trimers of the
drCALHMI1 heptamer and octamer (gray) by superimposition of a protomer, viewed
from the top of the membrane. The three protomers of the heptamer are represented by
orange, blue and magenta. The red arrows indicate the steric clashes between the N-
helix of the octamer and the adjacent TM1 subunits.

Figure 4. Up-down motion of the N-helix increases the pore diameter. (A) PMF
calculated for the RMSD of the P; N-helix in the heptamer versus the P4—P7 distance.
(B) Representative structures of P4 and P7 in state 0, state 1, state 2 and state 3 of the
heptameric drCALHM1 channel. Two protomers of the heptamer are shown in cartoon.
Figure 5. The overall structure of drCALHM1-hepta-noLCH and drCALHM1-
octa-noLCH. Density map (A-C) and cartoon (D-F) of drCALHM]1-hepta-noLCH in
different directions. Blue and yellow are interlaced between adjacent subunits. The
surface (G-I) and cartoon (J-L) of different sides of drCALHM1-octa-noLCH. The
adjacent subunits are interlaced with purple and yellow. To clearly show the changes in
subunit assembly during the transition of the oligomeric state, the key subunits are

marked with different degrees of green. The lipid-like densities are in orange.
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Figure 6. Proposed mechanism of ATP permeation in the CALHM1 channel. In the
resting state, the CALHM1 channel may form a heptamer that prevents the permeation
of ATP but allows ion flux. There is an equilibrium between the ordered long C-terminal
helix and the disordered long C-terminal helix. Upon sensing stimulus, N-helix
movement triggers the reassembly of the protomer to the octameric channel, eliciting
an increase in the pore radius to permeate the ATP molecule. Adenosine triphosphate
(ATP) is shown in the form of a chemical structural formula, and the green arrow

represents the permeation of ATP.
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Materials and Methods
Expression of drCALHMI1 channel

The full-length Danio rerio CALHM1 (UniProtKB number: E7F2J4, synthesized
by Genewiz Inc.) was ligated into the EcoRI-Notl restriction sites of pEG-BacMam
vector, with TEV protease cleavage site and enhanced green fluorescent protein (eGFP)
at its N-terminal. The BacMam viruses were generated and amplified follow the
standard Bac-to-Mam Baculovirus expression system (Invitrogen) in Spodoptera
frugiperda (S19) cells. The bacmid produced by DH10Bac cells was transfected into
S19 cells using X-tremeGENE HP DNA Transfection Reagent (Roche), and then
cultured at 27 °C. HEK293S GnTi cells were cultured in Freestyle 293 expression
medium (Thermo Fisher Scientific) at 37 °C with 5% CO.. When cell density reached
2 x10°% cells per mL, transfected with the second-generation virus (P2). After
transfection, the cells were incubated at 37 °C for 24h, and then sodium butyrate was
added to a final concentration of 10 mM to facilitate protein expression. The cells were
cultured at 30 °C for another 60 h before harvest.
Purification of drCALHM]1 channel

The cells were collected by centrifugation at 800 xg, and resuspended in lysis
buffer consisting of 20 mM Tris-HCI pH 7.5, 200 mM NaCl, I mM PMSF, and then
lysed through sonication for 15 min. The membrane pellets were collected by
ultracentrifugation at 180,000 xg for 1 h, and then homogenized in the buffer consisting
of 20 mM Tris-HCI pH 7.5, 200 mM NacCl, 1x protease inhibitor cocktail (Roche), and

solubilized in 1% (w/v) n-dodecyl-B-D-maltoside (DDM, Anatrace), 0.2% (w/v)
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cholesteryl hemisuccinate (CHS, Sigma-Aldrich) at 4 °C for 3 h. Insoluble membrane
debris was removed by centrifugation at 110,000 xg for 40 min. The supernatant was
applied to agarose beads conjugated with anti-GFP nanobody and rotated at 4°C for 2.5
h. The beads were rinsed three times in 20 mM Tris-HCI pH 7.5, 500 mM NaCl, 0.025%
(w/v) DDM and 0.005% (w/v) CHS, then rinsed three times in 10 mM adenosine
triphosphate (ATP, Macklin), 10 mM MgCl,, 20 mM Tris-HCI pH 7.5, 200 mM NaCl,
0.025% (w/v) DDM and 0.005% (w/v) CHS. After that, the beads were washed with W
buffer, which contains 20 mM Tris-HCI pH 7.5, 200 mM NaCl, and 0.0063% (w/v)
glycol-diosgenin (GDN, Anatrace). drCALHMI1 protein was eluted with W buffer
containing TEV protease overnight at 4 °C, and concentrated for further purified by
size-exclusion chromatography on a Superose 6 Increase 10/300 GL column (GE
Healthcare) in 20 mM Tris-HCI pH 7.5, 200 mM NacCl, 0.0063% GDN with 2 mM Ca>"
The peak fractions were pooled, concentrated to 6 mg/ml by a 100-kDa cut-off

Centricon (Merck Millipore), and flash frozen for further cryo-EM grid preparation.

Cryo-EM sample preparation and imaging

An aliquot of 2.5 microliters of purified drCALHMI1 sample was applied onto a
glow discharged holey carbon film grid (200 mesh, R2/1, Quantifoil). The grid was
blotted and flash-frozen in liquid ethane with FEI Vitrobot Mark IV. The grid was
loaded onto an FEI Titan Krios electron microscope operated at 300 kV accelerating
voltage. Image stacks were recorded on a K2 Summit direct electron counting detector

(Gatan) set in counting mode using SerialEM (http://bio3d.colorado.edu/Serial EM/)
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with a defocus range of 1.5 and 2.5 um at a pixel size of 1.014 A/pixel. A total of 40
frames were acquired in 8 seconds for each image stack, giving a total electron dose of

51.2 ¢/A”. Finally, 2292 image stacks were acquired in an imaging session of 24 hours.

Image processing

The recorded image stacks were processed by MotionCor2 (Zheng et al, 2017) for
a 5 x 5 patch drift correction with dose weighting. The non-dose weighted images were
used for CTF estimation by CTFFIND 4 (Rohou & Grigorieff, 2015) Images of poor
quality were removed before particle picking. A total number of 801,380 particles were
semi-automatically picked from dose weighted images by Gautomatch
(https://www.mrc-lmb.cam.ac.uk/kzhang/) and extracted by RELION-3 (Fernandez-
Leiro & Scheres, 2017) in a box size of 260 pixels. A round of 2D classification were
performed in RELION-3 to remove contaminations, ice, and bad particles, yielding
482,632 good particles. The selected particles were then used to generate the initial
model with an ab initio method with Cl1 symmetry in CryoSPARC-2

(https://cryosparc.com/). The initial model was pass-filtered to 30 A resolution and

applied to the first round of 3D classification in RELION-3. The particles were divided
into 3 subsets, only 1 of the 3 subsets showed a 7-fold symmetry structure. Particles in
this subset were selected for 3D auto-refine with C7 symmetry. Two more rounds of
3D classification by local angular search with C7 symmetry yielded 23,073 particles in
well-defined class that showed CTH domain in the map. Another round of 3D auto-

refine was performed with C7 symmetry, and generated reconstruction at 3.4 A
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resolution. Per-particle motion correction was carried out using Bayesian polishing in
RELION-3. The shiny, polished particles were then transferred cryosparc-2 for 3D
classification using Heterogenous Refinement with C7 symmetry, 12,671 particles
were selected and then refined to 3.2 A resolution in CryoSPARC-2 using non-uniform
refinement. The stated resolutions were evaluated using the “gold-standard” FSC =
0.143 criterion. The local resolution was calculated by ResMap (Swint-Kruse & Brown,
2005) or using two cryoEM maps independently refined from halves of data. For
structures of dArCALHM 1-hepta-noLCH and drCALHM1-octa-noLCH, details of data
process were listed in Supplemental Figure 2. Data collection and reconstruction

statistics are presented in Supplemental Table 1.

Model building and refinement

Initially the monomer structure of drCALHM1 octamer was rigid body fitted into
the map obtained at 3.2 A resolution. The fitted model was rebuilt manually using
COOT optimizing the fit and subjected to global refinement and minimization in real
space using the module “real _space refinement” in PHENIX (Adams et al, 2010). The
quality of the model was assessed with MolProbity (Adams et al, 2010). The final
model exhibited good geometry, as indicated by the Ramachandran plot. The pore

radius was calculated using HOLE (http://www.holeprogram.org/). Refinement

statistics of three drCALHM1 structures are shown in Table S1.
Electrophysiology

HEK293T cells were transiently transfected with GFP-tagged drCALHMI1 for 16
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to 24 h at 37°C with 5% CO.. Transfected cells were then digested by trypsin and plated
onto 35-mm dishes for cultivation for at least 3 h before electrophysiology. The glass
pipettes were pulled to a suitable shape using a P-97 glass microelectrode puller (Sutter
Instrument, Novato) and polished with an MF-830 (Narishige, Tokyo, Japan). For the
whole-cell configuration of recording drCALHMI1-3C-GFP currents, all internal
pipette solutions were 140 mM CsF, 6 mM MgCl, 1 mM CaCly, 11 mM EGTA, 2 mM
TEA", and 10 mM HEPES (pH adjusted to 7.3 with NaOH and methanesulfonic acid,
~310 mOsm). The resistance of the pipette was 3 to 5 MQ after being filled with the
internal recording solution. For the whole-cell configuration of recording currents, the
external bath solution was 145 mM NaCl, 5.4 mM KCI 10 mM TEA", 10 mM glucose,
1.5 mM CaCly, 1 mM MgCl,, and 10 HEPES (pH adjusted to 7.4 with NaOH and
methanesulfonic acid, ~330 mOsm). All experiments were conducted at room
temperature with the stimulation voltage: 25 ms voltage step to —100 mV from a
potential of 0 mV, followed by a ramp voltage increasing from —100 to +60 mV in 5 s.
Whole-cell currents were amplified with an Axopatch 700B and digitized with a
Digidata 1550A system (Molecular Devices, Sunnyvale). All currents were sampled at
10 kHz and low-pass filtered at 2 kHz through pCLAMP software (Molecular Devices,
Sunnyvale). Origin 9.0 software (OriginLab Corp., Northampton) was also used for
data analysis.
In cell crosslinking experiment

HEK293T cells were grown in Dulbecco’s modified Eagle’s medium (DMEM)

with 10% FBS at 37 °C in 5% CO2. When the confluence of cells reached 70-80%, 6

23


https://doi.org/10.1101/2021.01.14.426634
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.14.426634; this version posted September 2, 2021. 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.

ng plasmid with a 2x FLAG tag at the C-terminus was transfected per 10 cm dish. After
24 h, HEK293T cells were washed three times with cold PBS.

To carry out a cross-linking experiment using disuccinimidyl suberate (DSS,
Thermo), 4 mL of different DSS concentrations in PBS were added to each 10 cm dish
for 30 min at room temperature. After that, 5 mL PBS containing 20 mM Tris-HCI (pH
7.5) was added at 4°C for 15 min to quench crosslinking. The cells were then collected
and suspended in 500 pL of lysis buffer containing 20 mM Tris-HCI pH 7.5, 200 mM
NacCl, and 1x protease inhibitor cocktail (Roche) and solubilized in 0.5% (w/v) lauryl
maltose neopentyl glycol (LMNG, Anatrace) at 4°C for 2 h. The lysates were
centrifuged at 18,000 xg for 30 min at 4°C. Then, the supernatants were mixed with the
anti-DYKDDDDK tag affinity gel (Biolegend) at 4°C for 4 h. The resin was rinsed
three times with wash buffer containing 20 mM Tris-HCI pH 7.5, 200 mM NaCl, and
0.003% (w/v) LMNG. The protein was eluted overnight with wash buffer supplemented
with 500-600 pg/mL FLAG peptide. The eluted protein was denatured with a final
concentration of 2% SDS and heated to 65°C for 10 min, resuspended in 1x LDS
sample buffer and 100 mM DTT, and heated at 65°C for another 10 min.

The method of formaldehyde crosslinking started to add 4 mL of different
concentrations of formaldehyde in PBS to each 10 cm dish to crosslink the protein for
30 min at room temperature. After that, 5 mL buffer containing 100 mM Tris-HCI (pH
8.0) and 150 mM NaCl was added at room temperature for 10 min to quench
crosslinking. After completely draining the liquid in the dish, the cells were collected

and suspended in 500 pL lysis buffer containing 10 mM sodium phosphate pH 7.4, 100
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mM NaCl, 25 mM TCEP (Aladdin), 50 mM N-ethylmaleimide (Sigma-Aldrich), and
1% protease inhibitor cocktail (Roche), lysed by adding 0.5% (w/v) lauryl maltose
neopentyl glycol (LMNG, Anatrace), and rotated gently at room temperature. After 2
h, the lysate was heated at 37°C for 30 min and then centrifuged at 17,000 xg for 10
min at room temperature. Then, the supernatants were mixed with the anti-
DYKDDDDK tag affinity gel (Biolegend) at room temperature for 4 h. The resin was
rinsed three times with wash buffer containing 10 mM sodium phosphate pH 7.4, 100
mM NaCl, 25 mM TCEP, 50 mM N-ethylmaleimide, and 0.003% (w/v) LMNG. Then,
the protein was eluted overnight with wash buffer supplemented with 500-600 pg/mL
FLAG peptide. The eluted protein was added to a final concentration of 2% SDS and
heated to 65°C for 10 min. Then, the protein was resuspended in 1x LDS sample buffer
and 25 mM TCEP and heated at 65°C for another 10 min.

Finally, 15 pL of each sample was loaded in a 4-12% Bis-Tris SurePAGE gel
(GenScript) using MOPS running buffer and then transferred onto a PVDF membrane
(Millipore). The primary antibody was anti-FLAG (Sigma-Aldrich), and anti-mouse
(Abcam) was used as the secondary antibody.

Molecular dynamics simulations

The molecular structure of the heptamer was prepared for the MD simulations. The
missing residues (21-24, 93-94, and 205-207) were built by homology modeling using
Modeler 9.24 (Webb & Sali, 2016). The residues are protonated at neutral pH. The
heptamer was inserted into 160 A x 160 A POPC bilayers with their pore axis aligned

parallel to the z axis through visualized operations in VMD (Humphrey et al, 1996).
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The system was then solvated in TIP3P water boxes (Jorgensen et al, 1983) and
neutralized by 0.15 M NaCl. The final system of the heptamer consisted of 343,897
atoms. Simulations were performed with Amber 2018 (D.A. Case et al, 2018) by using
AMBER force field FF14SB (Maier et al, 2015) for proteins and LIPID14 (Dickson et
al, 2014) for POPC. A 12 A cut-off was set for the nonbonded interactions. The SHAKE
algorithm (Ryckaert et al, 1977) integration was used to constrain the covalent bonds
involving hydrogen atoms, and the Particle Mesh Ewald (PME) algorithm (Darden et
al, 1993) was applied to treat long-range electrostatic interactions. The time step was
set to 2 fs.

The initial energy minimization, thermalization, and a series of equilibrations were
performed for the systems. First, each system was minimized for 10,000 steps. Second,
the thermalization of each system heating from 0 K to 310 K was carried out in 500 ps
using the Langevin thermostat (Pastor et al, 1988). The proteins and lipid head groups
were fixed with a constraint of 50 kcal-mol - A~2. Third, a series of equilibrations were
performed for each system.: The POPC bilayer was equilibrated for 30 ns with the
proteins constrained (50 kcal-mol!-A72). After that, the missing residues were
optimized for 30 ns, and the other residues of proteins were constrained (50
kcal'mol !-A"?). Finally, all atoms in the heptamer system were released and
equilibrated for 20 ns with no constraints. The frames were saved every 500 steps for
analysis.

Supervised MD simulation incorporates a tabu-like supervision algorithm on the

reaction coordinate into a conventional MD simulation (Deganutti et al, 2020; Salmaso
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et al, 2017), accelerating the process of the “up-down” motion of the N-helix. Protomer
1 in the heptamer system was replaced with the monomer of the octamer (Targeto) to
obtain the reference structure. Then, we calculated the RMSD of the N-helix of
protomer 1 in the current structure compared with Targeto. The in-house Python script
was employed to monitor the RMSD and process the MD simulation with the Amber
engine (D.A. Case et al, 2018). The supervised MD was carried out in three main steps:
(1) the 600-ps conventional MD simulations were performed and arrived at the
checkpoint; (i1) 8 snapshots in 75-ps intervals were extracted from the trajectory, and
the RMSD of each frame was calculated and collected; and (iii) if the slope of 8 values
of RMSD was negative, the next 600-ps simulation was performed to reach the next
checkpoint. Otherwise, the supervised MD simulation restarts from the checkpoint
using the velocities randomly assigned. We performed an 80-ns supervised MD
simulation, and then the supervised MD procedure was stopped. Only the productive
steps were saved for analysis.

Targeted MD simulations (Schlitter et al, 1994; Xiao et al, 2015) can also
accelerate the transition process by using a constraint. We carried out the targeted MD
in the isothermal-isobaric (NPT) ensemble. Here, the coordinates of the N-helix in the
“up” and “down” positions of protomer 1 were used as the initial and target positions,
respectively. The targeted MD simulations were performed for 1 ns with force constants
of 0.02 kcal-mol - A™2. The frames were saved every 500 steps for analysis. As controls,
a 100-ns conventional MD simulation was performed.

The coarse-grained MARTINI model (Marrink et al, 2007; Monticelli et al, 2008)
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for the heptamer and the octamer were built, respectively, with the EINeDyn elastic
network (Periole et al, 2009) applied to proteins. The CG protein coordinates of the
heptamer and the octamer were separately positioned in the center of the simulation
box of size 16 x 16 x 18 nm> and 17 x 17 x 18 nm?® with their pore axis aligned parallel
to the z axis and embedded in a POPC bilayer using the insane script (Wassenaar et al,
2015). Each system was solvated at 0.15 M NaCl concentration on either side and 0.02
M CaCl; concentration on extracellular side. Coarse-grained simulations were carried
out using Gromacs v.2020.2. The Martini v.2.2 force field was used for protein (Marrink
et al, 2007; Monticelli et al, 2008) and the Martini v.2.0 force field was used for POPC
and ions (Marrink et al, 2004). The simulations were run in the NPT ensemble. The
time step was set to 20 fs. By using the velocity-rescaling thermostat (Bussi et al, 2007)
with coupling constants of tr= 1.0 ps, the temperature was maintained at 310 K. The
pressure was controlled at 1 bar by a semi-isotropic Parrinello-Rahman barostat
(Parrinello & Rahman, 1982) with a coupling constant of tp=12.0 ps. The type of
constrain applied to bonds was the LINCS algorithm (Hess et al, 1998). A Verlet cut-
off scheme was used, and the PME method (Darden et al, 1993) was applied to calculate
long-range electrostatic interactions. Periodic boundary condition was used in x and y
axis. Ten microliters of equilibrium simulation trajectory data were collected for each
system. The all-atom and coarse-grained MD simulations in this work were repeated 3
times.

Accession Numbers

Atomic coordinates have been deposited in the Protein Data Bank under
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accession number 7DSE, 7DSD and 7DSC for drCALHM1-hepta-LCH, drCALHM1-
hepta-noLCH and drCALHM1-octa-noLCH, respectively. The cryo-EM density maps
have been deposited in the Electron Microscopy Data Bank under accession number
EMD-30832, EMD-30831 and EMD-30830 for drCALHM1-hepta-LCH, drCALHM1-
hepta-noLCH and drCALHM1-octa-noL.CH, respectively. Additional data related to

this paper may be requested from the authors.
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Fig. 1 | The overall architecture of drCALHM1-hepta-LCH. The surface (a) and cartoon (d)
representations of the cryo-EM density map of the heptameric drCALHM1, viewed from the
extracellular side of the membrane. The seven subunits are represented by different colors. The
surface (b) and cartoon (e) representations of the cryo-EM density map of drCALHM1-hep-
ta-LCH, viewed parallel to the membrane. The lipid-like densities are in gray. The surface (c) and
cartoon (f) representations of the cryo-EM density map of drCALHM1-hepta-LCH viewed from
the cytosolic side of the membrane.
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Fig. 2 | ATP nonconducting state of the central pore. (a) The permeation path of the heptamer
without the N-helix side chain calculated by HOLE is marked by yellow dots. (b) The pore radii
along the central axis of drCALHM1 in different oligomerization states are marked as follows: the
heptamer with side chains is orange, the heptamer without side chains is blue, and the octamer
without side chains is gray. (c) Positions of the ions in the heptamer channel in the coarse-grained
simulations. The monomers of heptamer are shown in ribbon representation, Na*, K*, Cl-, and Ca?*
ions are shown in sphere model and colored purple, red, green, and orange, respectively. The
color changes over the simulation time from transparent to opaque.
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Fig. 3 | Structural comparison of the heptamer and the octamer. (a) Cartoon representation
of the drCALHM1 heptamer (rainbow) and octamer (gray) viewed from the top of the membrane
after superimposing a protomer from each oligomer. (b) Superimposition of the TMDs of the
drCALHM1 heptamer (orange) and octamer (gray) viewed from the side of the membrane. The
N-helix of the heptamer is marked in red for better contrast. (c) The interaction between the
N-helix and the TM1. Orange TM1 and red N-helices are in the same protomer, and blue TM1 is
on another adjacent protomer. The dashed line represents the hydrogen bond. (d) Comparison
with dimers of different oligomeric states of drCALHM1 by superimposition of a protomer. The
protomer of the heptamer is superimposed in orange, the other is blue, and the N-helix is marked
red for contrast. The octamer is gray. (e) Comparison with trimers of the drCALHM1 heptamer
and octamer (gray) by superimposition of a protomer, viewed from the top of the membrane. The
three protomers of the heptamer are represented by orange, blue and magenta. The red arrows
indicate the steric clashes between the N-helix of the octamer and the adjacent TM1s of the hep-
tamer.
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Fig. 4 | Up-down motion of the N-helix increases the pore diameter. (a) PMF calculated
for the RMSD of the P1 N-helix in the heptamer versus the P,-P, distance. (b) Representative
structures of P, and P, in state 0, state 1, state 2 and state 3 of the heptameric drCALHM1
channel. Two protomers of the heptamer are shown in cartoon.
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Fig. 5 | The overall structure of drCALHM1-hepta-noLCH and drCALHM1-octa-noLCH.
Density map (a-c) and cartoon (d-f) of drCALHM1-hepta-noLCH in different directions. Blue
and yellow are interlaced between adjacent subunits. The surface (g-i) and cartoon (j-I) of
different sides of drCALHM1-octa-noLCH. The adjacent subunits are interlaced with purple
and yellow. To clearly show the changes in subunit assembly during the transition of the oligo-
meric state, the key subunits are marked with different degrees of green. The lipid-like densi-
ties are in orange.
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Fig. 6 | Proposed mechanism of ATP permeation in the CALHM1 channel. In the resting
state, the CALHM1 channel may form a heptamer that prevents the permeation of ATP but allows
ion flux. There is an equilibrium between the ordered long C-terminal helix and the disordered
long C-terminal helix. Upon sensing stimulus, N-helix movement triggers the reassembly of the
protomer to the octameric channel, eliciting an increase in the pore radius to permeate the ATP
molecule. Adenosine triphosphate (ATP) is shown in the form of a chemical structural formula,
and the green arrow represents the permeation of ATP.
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Structure determination of drCALHM1-hepta-LCH channel. (A) A drift-corrected cryoEM micro-
graph of the drCALHM1. (B) Representative 2D class averages of the drCALHM1 obtained in
Relion-3. (C) Workflow of image processing, 3D reconstruction and structure refinement. (D) Euler
angle distribution of drCALHM1 in the final 3D reconstruction in cryoSPARC v2. (E) Local resolution
estimation from ResMap. (F) Gold standard FSC curve of drCALHM1 is estimated by cryoSPARC v2.
(G) FSC curves for cross-validation between maps and models: model versus summed map (grey),
model versus half map 1 (orange) and model versus half map 2 (green).
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Structure determination of drCALHM1-hepta-noLCH and drCALHM1-octa-noLCH. (A)Workflow
if image processing, 2D reconstruction and structure refinement. (B) Local resolution estimation of
drCALHM1-hep-ta-noLCH from ResMap. (C) Gold standard FSC curve of dArCALHM 1-hepta-noLCH. (D)
Local resolution estimation of drCALHM1-octa-noLCH from ResMap. (E) Gold standard FSC curve of
drCALHM1-octa-noLCH. (F) FSC curves for cross-validation between maps and models of
drCALHMI1-hepta-noLCH (blue) and drCALHM1-octa-noLCH (red).
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Supplemental Figure

N-helix

TM3b ECH ™4 CH1

Representative cryoEM density maps (grey mesh) superposed with the atomic model
of the drCALHM1-hepta-LCH channel for the helices.
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Supplemental Figure

a
N-helix

Representative cryo-EM density maps (gray mesh) superposed with the atomic model of the
drCALHM1-hepta-noLCH (a) and drCALHMI1-octa-noLCH (b) for the helices.
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Supplemental Figure 5

Side view

The electrostatic surface potential distribution of the heptameric drCALHMI1 channel. (a) Side
cut-away view and (b) top view of the electrostatic surface potential distribution of the heptameric
drCALHM1 channel. The range of the electrostatic surface potential is shown from -10 kT/e (red) to
+10 kT/e (blue).
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Supplemental Figure 6
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Whole cell patch clamp recordings of drCALHM1. Whole-cell
currents measured in control GFP- and drCALHMI-GFP expressing HEK293T cells by
a voltage-ramp protocol from -100 to +60 mV over 5 s (-60 mV holding potential) in
bath solution containing 1.5 mM Ca?" and | mM Mg*".


https://doi.org/10.1101/2021.01.14.426634
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.14.426634; this version posted September 2, 2021. 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.

Supplemental Figure 7
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In cell crosslinking of the drCALHM1 channel. Western blot shows the results of cross-linking
drCALHMI1 in mammalian cells (HEK293T) using different concentrations of (a) DSS and (b)
formaldehyde. As the concentration of the cross-linking agent increases, all oligomers on the
cross-linking gradually appear until the octamer is formed. The black dashed line marks the position

of the bands in different oligomerization states, and the theoretically calculated molecular weight is
marked on the right.
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Supplemental Figure 8
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Time dependences of pore dynamics using different MD strategies. Time dependences of RMSD

of Ca atoms in N-helix of P, compared to that of P, in octamer, and the minimum distance between the

Co atoms in N-helix of P, and P, (P —P, distance), P —P_, P.—P_ and P,—P_ distances calculated from

(a) the supervised MD, (b) the targeted MD, and (c) the conventional MD trajectories.
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Supplemental Figure 9
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C

Structural comparison of the two oligomeric states with or without LCH. The two-state structures
of the heptamer (a) and octamer (b) are superimposed and viewed from the top of the membrane. The
comparison of the two monomer structures on both sides of the pore after the heptamer (c) and the
octamer (d) overlap. The octamer and heptamer with LCH in gray. drCALHM]1-hepta-noLCH and
drCALHM1-octa-noLCH are shown in magenta and blue, respectively.
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Supplemental Figure 10

Heptamer Octamer

160 A 170 A

Coarse-grained MD simulations of heptamers (left) and octamers (right) embedded in POPC
bilayer membranes. Side (cutaway) and top views of the final frame of one 10-us replicate are
shown in each case. The protein backbone particles are shown as blue ribbons, and phospholipid
headgroups and acyl tails are shown as red balls and white sticks, respectively. Water and ions
present in the simulation systems are omitted for clarity.
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Table S1 CryoEM data collection and refinement statistics

drCALHMI1-hepta- | drCALHMI1-hepta-

drCALHM1-octa-

LCH noLCH noLCH
Data Collection
EM equipment FEI Titan Krios
Voltage (kV) 300
Detector Gatan K2 Summit
Pixel size (A) 1.014
Electron Dose (e7/A2%) 51.2 51.2 51.2
Defocus range (um) 2.5~-1.5
Reconstruction
Software Relion 3.0/ CryoSPARC-2 Relion 3.0
Number of used particles 12,671 56,801 44,894
Map sharpening B-
factIZ)rs (;pz) s -102 -105 -75
Final Resolution (A) 3.2 2.9 3.5
Model Building
Software COOT
Refinement
Software PHENIX real space refinement
Resolution (A) 3.5 3.6 3.7
Model composition
Protein Residues 1645 1351 1528
Ligands 7 7 8
Validation
RMS deviation
Bonds Length (A) 0.006 0.004 0.004
Bonds angle (°) 0.951 0.613 0.537
Ramachandran plot
statistics (%)
Favorite 97.33 97.33 98.38
Allowed 2.67 2.67 1.68
Outlier 0.00 0.00 0.00
Rotamer outliers (%) 0.00 0.00 0.00
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C-beta outliers (%) 0.00 0.00 0.00

Mean isotropic B

Protein/Ligands 160.97/187.33 134.74/172.07 106.96/147.68
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Page 2 Full wwPDB EM Validation Report EMD-30831, 7DSD

1 Overall quality at a glance (i)

The following experimental techniques were used to determine the structure:
ELECTRON MICROSCOPY

The reported resolution of this entry is 2.90 A,

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Clashscore I - . 3
Ramachandran outliers IS 0
Sidechain outliers T I I 1.3%
Worse Better

0 Percentile relative to all structures

[l Percentile relative to all EM structures

Metric Whole archive EM structures
(#Entries) (#Entries)
Clashscore 158937 4297
Ramachandran outliers 154571 4023
Sidechain outliers 154315 3826

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the map. The red, orange, yellow and green segments of the bar indicate the fraction of residues
that contain outliers for >=3, 2, 1 and 0 types of geometric quality criteria respectively. A grey
segment represents the fraction of residues that are not modelled. The numeric value for each
fraction is indicated below the corresponding segment, with a dot representing fractions <=5%
The upper red bar (where present) indicates the fraction of residues that have poor fit to the EM
map (all-atom inclusion < 40%). The numeric value is given above the bar.

Mol | Chain | Length Quality of chain
1 A 346 - 46% 9% 44%
1 B 346 - 47% 9% 44%
1 C 346 - 47% 9% 44%
1 D 346 e 47% 8% 44%
1 E 346 - 47% 8% 44%
1 F 346 - 46% 9% 44%
1 G 346 - 46% 9% 44%

PROTEIN DATA BANK
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Page 3 Full wwPDB EM Validation Report EMD-30831, 7DSD

2 Entry composition (i)

There are 2 unique types of molecules in this entry. The entry contains 10542 atoms, of which 0
are hydrogens and 0 are deuteriums.

In the tables below, the AltConf column contains the number of residues with at least one atom
in alternate conformation and the Trace column contains the number of residues modelled with at
most 2 atoms.

e Molecule 1 is a protein called Calcium homeostasis modulator 1.

Mol | Chain | Residues Atoms AltConf | Trace

Total C N O S
L A 193 1492 974 241 264 13 J 0

Total C N O S
1 B 193 1492 974 241 264 13 0 0

Total C N O S
1 C 193 1492 974 241 264 13 0 0

Total C N O S
1 b 193 1492 974 241 264 13 0 0

Total = C N 0] S
1 E 193 1492 974 241 264 13 0 0

Total C N @) S
1 F 193 1492 974 241 264 13 0 0

Total C N O S
1 G 193 1492 974 241 264 13 0 0

e Molecule 2 is 2-acetamido-2-deoxy-beta-D-glucopyranose (three-letter code: NAG) (formula:

CgH15N 06)
NAG
06
OH
o1 05 ‘
HO ) O 7 N
| /C.‘i(R) c5(§)\ ‘
C2(R)  CA(S)
HN 2oy
- 04
“ C7‘ ~ OH
o O . 03
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Page 5 Full wwPDB EM Validation Report EMD-30831, 7TDSD

3 Residue-property plots (i)

These plots are drawn for all protein, RNA, DNA and oligosaccharide chains in the entry. The
first graphic for a chain summarises the proportions of the various outlier classes displayed in the
second graphic. The second graphic shows the sequence view annotated by issues in geometry and
atom inclusion in map density. Residues are color-coded according to the number of geometric
quality criteria for which they contain at least one outlier: green = 0, yellow = 1, orange = 2
and red = 3 or more. A red diamond above a residue indicates a poor fit to the EM map for
this residue (all-atom inclusion < 40%). Stretches of 2 or more consecutive residues without any
outlier are shown as a green connector. Residues present in the sample, but not in the model, are
shown in grey.

e Molecule 1: Calcium homeostasis modulator 1
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e Molecule 1: Calcium homeostasis modulator 1
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4 Experimental information (i)

Property Value Source
EM reconstruction method SINGLE PARTICLE Depositor
Imposed symmetry POINT, Not provided

Number of particles used 56801 Depositor
Resolution determination method | FSC 0.143 CUT-OFF Depositor
CTF correction method NONE Depositor
Microscope FEI TITAN KRIOS Depositor
Voltage (kV) 300 Depositor
Electron dose (e~ /A”) 50 Depositor
Minimum defocus (nm) Not provided

Maximum defocus (nm) Not provided

Magnification Not provided

Image detector GATAN K2 SUMMIT (4k x 4k) Depositor
Maximum map value 1.390 Depositor
Minimum map value -0.580 Depositor
Average map value -0.001 Depositor
Map value standard deviation 0.045 Depositor
Recommended contour level 0.154 Depositor
Map size (A) 263.64, 263.64, 263.64 wwPDB
Map dimensions 260, 260, 260 wwPDB
Map angles (°) 90.0, 90.0, 90.0 wwPDB
Pixel spacing (A) 1.014, 1.014, 1.014 Depositor
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section:
NAG

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles

Mol | Chain | pyiay| 412] >5 | RMSZ | £|2] >5
1 A 0.28 0/1526 0.41 0/2072

1 B 0.28 0/1526 0.41 0/2072

1 C 0.28 0/1526 0.41 0/2072

1 D 0.28 0/1526 0.41 0/2072

1 E 0.29 0/1526 0.41 0/2072

1 F 0.28 0/1526 0.41 0/2072

1 G 0.28 0/1526 0.41 0/2072

All All 0.28 0/10682 0.41 0/14504

There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.

There are no planarity outliers.

5.2 Too-close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogen
atoms added and optimized by MolProbity. The Clashes column lists the number of clashes within
the asymmetric unit, whereas Symm-Clashes lists symmetry-related clashes.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1492 0 1467 28 0
1 B 1492 0 1467 26 0
1 C 1492 0 1467 27 0
1 D 1492 0 1467 25 0
1 E 1492 0 1467 26 0
1 F 1492 0 1467 27 0

Continued on next page...
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Continued from previous page...

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 G 1492 0 1467 29 0
2 A 14 0 13 0 0
2 B 14 0 13 0 0
2 C 14 0 13 0 0
2 D 14 0 13 0 0
2 E 14 0 13 0 0
2 F 14 0 13 0 0
2 G 14 0 13 0 0
All All 10542 0 10360 173 0

The all-atom clashscore is defined as the number of clashes found per 1000 atoms (including

hydrogen atoms). The all-atom clashscore for this structure is 8.

All (173) close contacts within the same asymmetric unit are listed below, sorted by their clash

magnitude.
Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
1:C:91:ASP:HB3 1:C:92:PRO:CD 1.83 1.09
1:D:91:ASP:HB3 1:D:92:PRO:CD 1.83 1.09
1:B:91:ASP:HB3 1:B:92:PRO:CD 1.83 1.09
1:E:91:ASP:HB3 1:E:92:PRO:CD 1.82 1.08
1:A:91:ASP:HB3 1:A:92:PRO:CD 1.83 1.08
1:F:91:ASP:HB3 1:F:92:PRO:CD 1.83 1.07
1:G:91:ASP:HB3 1:G:92:PRO:CD 1.82 1.06
1:C:91:ASP:HB3 1:C:92:PRO:HD2 1.01 1.01
1:D:91:ASP:HB3 1:D:92:PRO:HD2 1.01 1.01
1:A:91:ASP:HB3 1:A:92:PRO:HD2 1.01 1.00
1:B:91:ASP:HB3 1:B:92:PRO:HD2 1.01 1.00
1:E:91:ASP:CB 1:E:92:PRO:HD2 1.91 1.00
1:D:91:ASP:CB 1:D:92:PRO:HD2 1.92 1.00
1:F:91:ASP:CB 1:F:92:PRO:HD2 1.92 1.00
1:C:91:ASP:CB 1:C:92:PRO:HD2 1.92 0.99
1:G:91:ASP:HB3 1:G:92:PRO:HD2 1.01 0.99
1:G:91:ASP:CB 1:G:92:PRO:HD2 1.91 0.99
1:E:91:ASP:HB3 1:E:92:PRO:HD2 1.01 0.99
1:B:91:ASP:CB 1:B:92:PRO:HD2 1.92 0.99
1:A:91:ASP:CB 1:A:92:PRO:HD2 1.92 0.98
1:F:91:ASP:HB3 1:F:92:PRO:HD2 1.01 0.98
1:A:;74.ILE:HD11 | 1:G:201:ARG:HB3 1.67 0.76
1:A:201:ARG:HB3 | 1:B:74:ILE:HD11 1.68 0.76
1:D:40: THR:HG23 1:D:40: THR:O 1.86 0.75
1:F:201:ARG:HB3 | 1:G:74:ILE:HD11 1.68 0.75
Continued on next page...
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:G:40: THR:HG23 1:G:40:THR:O 1.86 0.75
1:B:201:ARG:HB3 | 1:C:74:ILE:HD11 1.68 0.74

1:F:40: THR:O 1:F:40: THR:HG23 1.86 0.74
1:E:40: THR:HG23 1:E:40: THR:O 1.86 0.74
1:C:40:THR:HG23 1:C:40:THR:O 1.86 0.74
1:D:201:ARG:HB3 | 1:E:74:ILE:HD11 1.68 0.74
1:E:201:ARG:HB3 | 1:F:74:ILE:HD11 1.69 0.73

1:A:40:THR:O 1:A:40:THR:HG23 1.86 0.73
1:B:40: THR:HG23 1:B:40:THR:O 1.86 0.73
1:C:201:ARG:HB3 | 1:D:74:ILE:HD11 1.69 0.72
1:G:64:PHE:CZ 1:G:68:TYR:HE1 2.13 0.67

1:B:64:PHE:CZ 1:B:68:TYR:HE1 2.13 0.67

1:C:64:PHE:CZ 1:C:68: TYR:HE1 2.13 0.67
1:A:64:PHE:CZ 1:A:68: TYR:HE1 2.13 0.66

1:F:64:PHE:CZ 1:F:68: TYR:HE1 2.13 0.66
1:D:64:PHE:CZ 1:D:68: TYR:HE1 2.13 0.66

1:E:64:PHE:CZ 1:E:68:TYR:HE1 2.13 0.66
1:A:71:ASN:HD22 | 1:A:102:MET:HG3 1.63 0.64
1:E:71:ASN:HD22 | 1:E:102:MET:HG3 1.63 0.63
1:F:71:ASN:HD22 | 1:F:102:.MET:HG3 1.63 0.63
1:C:71:ASN:HD22 | 1:C:102:2MET:HG3 1.63 0.63
1:G:71:ASN:HD22 | 1:G:102:MET:HG3 1.63 0.63
1:B:71:ASN:HD22 | 1:B:102:MET:HG3 1.64 0.62
1:D:71:ASN:HD22 | 1:D:102:MET:HG3 1.64 0.62
1:G:64:PHE:CE1 1:G:68:TYR:HE1 2.21 0.59
1:A:64:PHE:CE1 1:A:68:TYR:HE1 2.21 0.58
1:E:64:PHE:CE1 1:E:68:TYR:HE1 2.21 0.58
1:C:64:PHE:CE1 1:C:68: TYR:HE1 2.21 0.58
1:B:191:MET:SD 1:C:62:TRP:HB2 2.44 0.58
1:A:191:MET:SD 1:B:62: TRP:HB2 2.44 0.58
1:F:64:PHE:CE1 1.F:68: TYR:HE1 2.21 0.58
1:B:64:PHE:CE1 1:B:68: TYR:HE1 2.21 0.58
1:D:64:PHE:CE1 1:D:68:TYR:HE1 2.21 0.58
1:D:191:MET:SD 1:E:62: TRP:HB2 2.44 0.58
1:C:191:MET:SD 1:D:62: TRP:HB2 2.44 0.57
1:A:62:TRP:HB2 1:G:191:MET:SD 2.44 0.56
1:F:191:MET:SD 1:G:62: TRP:HB2 2.44 0.56
1:E:191:MET:SD 1:F:62:TRP:HB2 2.45 0.56
1:D:64:PHE:CE1 1:D:68:TYR:CE1 2.94 0.56

1:B:91:ASP:CB 1:B:92:PRO:CD 2.62 0.56
1:A:64:PHE:CE1 1:A:68:TYR:CE1 2.94 0.56
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
1:C:64:PHE:CE1 1:C:68:TYR:CE1 2.94 0.56
1:E:68:TYR:HH 1:E:103:THR:HG1 1.52 0.56
1:G:64:PHE:CE1 1:G:68:TYR:CE1 2.94 0.56
1:F:64:PHE:CE1 1:F:68: TYR:CE1 2.94 0.55
1:E:64:PHE:CE1 1:E:68:TYR:CE1 2.94 0.55
1:B:64:PHE:CE1 1:B:68:TYR:CE1 2.94 0.55
1:G:68:TYR:HH 1:G:103: THR:HG1 1.52 0.55
1:E:120:ASP:0D2 1:E:122:LYS:NZ 2.36 0.55
1:F:120:ASP:0D2 1:F:122:LYS:NZ 2.36 0.54
1:A:40:THR:O 1:A:40: THR:CG2 2.55 0.54
1:D:120:ASP:0D2 1:D:122:LYS:NZ 2.36 0.54
1:B:120:ASP:0OD2 1:B:122:LYS:NZ 2.36 0.54
1:A:120:ASP:0OD2 1:A:122:LYS:NZ 2.36 0.53
1:F:40:THR:O 1:F:40: THR:CG2 2.56 0.53
1:G:120:ASP:0OD2 1:G:122:LYS:NZ 2.36 0.53
1:D:40: THR:O 1:D:40: THR:CG2 2.56 0.53
1:C:40:THR:CG2 1:C:40:THR:O 2.56 0.53
1:A:91:ASP:CB 1:A:92:PRO:CD 2.62 0.52
1:E:40: THR:CG2 1:E:40: THR:O 2.55 0.51
1:D:91:ASP:CB 1:D:92:PRO:CD 2.62 0.51
1:G:40: THR:CG2 1:G:40:THR:O 2.55 0.51
1:C:120:ASP:0OD2 1:C:122:LYS:NZ 2.36 0.51
1:C:91:ASP:CB 1:C:92:PRO:CD 2.62 0.51
1:B:40:THR:O 1:B:40: THR:CG2 2.55 0.50
1:E:91:ASP:CB 1:E:92:PRO:CD 2.62 0.49
1:A:60:PRO:HD3 | 1:A:113:TRP:CD1 2.48 0.49
1:B:60:PRO:HD3 | 1:B:113:TRP:CD1 2.48 0.49
1:F:91:ASP:CB 1:F:92:PRO:CD 2.62 0.49
1:A:146:SER:HB2 | 1:A:149:GLU:HG2 1.96 0.48
1:B:146:SER:HB2 | 1:B:149:GLU:HG2 1.96 0.48
1:G:60:PRO:HD3 | 1:G:113:TRP:CD1 2.48 0.48
1:G:91:ASP:CB 1:G:92:PRO:CD 2.62 0.48
1:F:60:PRO:HD3 | 1:F:113:TRP:CD1 2.48 0.48
1:G:146:SER:HB2 | 1:G:149:GLU:HG2 1.96 0.48
1:C:146:SER:HB2 | 1:C:149:GLU:HG2 1.96 0.48
1:C:60:PRO:HD3 | 1:C:113:TRP:CD1 2.48 0.48
1:D:60:PRO:HD3 | 1:D:113:TRP:CD1 2.48 0.48
1:D:146:SER:HB2 | 1:D:149:GLU:HG2 1.96 0.48
1:E:146:SER:HB2 | 1:E:149:GLU:HG2 1.96 0.47
1:E:60:PRO:HD3 | 1:E:113:TRP:CD1 2.48 0.47
1:F:146:SER:HB2 | 1:F:149:GLU:HG2 1.96 0.47
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:D:115:ALA:O 1:D:119:MET:HG2 2.15 0.47
1:C:115:ALA:O 1:C:119:MET:HG2 2.15 0.46
1:A:115:ALA:O 1:A:119:MET:HG2 2.15 0.46
1:E:115:ALA:O 1:E:119:MET:HG2 2.15 0.46
1:G:115:ALA:O 1:G:119:MET:HG2 2.15 0.46
1:E:64:PHE:CZ 1:E:68:TYR:CE1 3.00 0.45
1:F:115:ALA:O 1:F:119:-MET:HG2 2.15 0.45
1:B:115:ALA:O 1:B:119:MET:HG2 2.15 0.45
1:A:64:PHE:CZ 1:A:68:TYR:CE1 3.00 0.45
1:A:58:VAL:HB 1:A:59:PRO:HD3 1.99 0.45
1:B:64:PHE:CZ 1:B:68:TYR:CE1 3.00 0.45
1:G:71:ASN:ND2 | 1:G:102:MET:HG3 2.31 0.45
1:G:58:VAL:HB 1:G:59:PRO:HD3 1.99 0.44
1:F:58:VAL:HB 1:F:59:PRO:HD3 1.99 0.44
1:B:58:VAL:HB 1:B:59:PRO:HD3 1.99 0.44
1:E:58:VAL:HB 1:E:59:PRO:HD3 1.99 0.44
1:F:76:VAL:O 1:F:80:GLU:HG2 2.18 0.44
1:B:76:VAL:O 1:B:80:GLU:HG2 2.18 0.44
1:E:76:VAL:O 1:E:80:GLU:HG2 2.18 0.43
1:E:71:ASN:ND2 | 1:E:102:MET:HG3 2.31 0.43
1:F:71:ASN:ND2 | 1:F:102:MET:HG3 2.31 0.43
1:D:58:VAL:HB 1:D:59:PRO:HD3 1.99 0.43
1:G:76:VAL:O 1:G:80:GLU:HG2 2.18 0.43
1:A:76:VAL:O 1:A:80:GLU:HG2 2.18 0.43
1:D:76:VAL:O 1:D:80:GLU:HG2 2.18 0.43
1:E:77.LEU:HD21 | 1:E:98:MET:HG3 2.01 0.43
1:F:.77:LEU:HD21 1:F:98:MET:HG3 2.01 0.43
1:G:64:PHE:CZ 1:G:68:TYR:CE1 3.00 0.43
1:A:71:ASN:ND2 | 1:A:102:MET:HG3 2.31 0.43
1:C:58:VAL:HB 1:C:59:PRO:HD3 1.99 0.43
1:C:64:PHE:CZ 1:C:68:TYR:CE1 3.00 0.43
1:C:76:VAL:O 1:C:80:GLU:HG2 2.18 0.43
1:D:77:LEU:HD21 | 1:D:98:MET:HG3 2.01 0.43
1:G:77:LEU:HD21 | 1:G:98:MET:HG3 2.01 0.43
1:C:77:LEU:HD21 | 1:C:98:MET:HG3 2.01 0.43
1:B:57:ILE:O 1:B:60:PRO:HG2 2.19 0.42
1:A:57:ILE:O 1:A:60:PRO:HG2 2.20 0.42
1:B:77:.LEU:HD21 | 1:B:98:MET:HG3 2.01 0.42
1:A:77:.LEU:HD21 /| 1:A:98:MET:HG3 2.01 0.42
1:E:57:ILE:O 1:E:60:PRO:HG2 2.19 0.42
1:G:57:ILE:O 1:G:60:PRO:HG2 2.20 0.42
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:F:57:1ILE:O 1:F:60:PRO:HG2 2.19 0.42
1:D:57:ILE:O 1:D:60:PRO:HG2 2.20 0.42
1:A:62:TRP:NE1 | 1:G:194:THR:OG1 2.50 0.42
1:B:71:ASN:ND2 | 1:B:102:MET:HG3 2.31 0.42
1:C:78: THR:O 1:C:82:LYS:HB2 2.20 0.42
1:D:71:ASN:ND2 | 1:D:102:MET:HG3 2.31 0.42
1:B:78: THR:O 1:B:82:LYS:HB2 2.20 0.41
1:D:78:THR:O 1:D:82:LYS:HB2 2.20 0.41
1:E:78:THR:O 1:E:82:LYS:HB2 2.20 0.41
1:F:78:THR:O 1:F:82:LYS:HB2 2.20 0.41
1:C:71:ASN:ND2 | 1:C:102:MET:HG3 2.31 0.41
1:G:57:ILE:HA 1:G:57:ILE:HD13 1.94 0.41
1:C:57:ILE:O 1:C:60:PRO:HG2 2.19 0.41
1:G:139:ASN:OD1 1:G:140:GLU:N 2.54 0.41
1:G:78: THR:O 1:G:82:LYS:HB2 2.20 0.41
1:A:78: THR:O 1:A:82:LYS:HB2 2.20 0.41
1:F:139:ASN:OD1 1:F:140:GLU:N 2.54 0.41
1:C:128:PHE:O 1:C:132:ALA:HB2 2.22 0.40
1:C:65:LEU:HD23 1:C:65:LEU:HA 1.95 0.40
1:A:139:ASN:OD1 1:A:140:GLU:N 2.54 0.40
1:F:128:PHE:O 1:F:132:ALA:HB2 2.22 0.40
1:A:128:PHE:O 1:A:132:ALA:HB2 2.22 0.40
1:B:128:PHE:O 1:B:132:ALA:HB2 2.22 0.40
1:D:64:PHE:CZ 1:D:68:TYR:CE1 3.00 0.40
1:F:64:PHE:CZ 1:F:68:TYR:CE1 3.00 0.40

There are no symmetry-related clashes.

5.3 Torsion angles (i)

5.3.1 Protein backbone (3)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all PDB entries followed by that with respect to all EM

entries.

The Analysed column shows the number of residues for which the backbone conformation was

analysed, and the total number of residues.

Mol | Chain

Analysed

Favoured

Allowed

Outliers

1 A

187/346 (54%)

182 (97%)

5 (3%)

0 100

Percentiles

100
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Continued from previous page...

Percentiles

I |

o] [100]

o] [100]

oo ] [100]

00| [100]

o] [100]

Mol | Chain Analysed Favoured | Allowed | Outliers
1 B 187/346 (54%) 182 (97%) 5 (3%) 0
1 C 187/346 (54%) 182 (97%) 5 (3%) 0
1 D 187/346 (54%) 182 (97%) 5 (3%) 0
1 E 187/346 (54%) 182 (97%) 5 (3%) 0
1 F 187/346 (54%) 182 (97%) 5 (3%) 0
1 G 187/346 (54%) 182 (97%) 5 (3%) 0
All All 1309/2422 (54%) | 1274 (97%) | 35 (3%) 0

There are no Ramachandran outliers to report.

5.3.2 Protein sidechains (i)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all PDB entries followed by that with respect to all EM

entries.

The Analysed column shows the number of residues for which the sidechain conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 155/306 (51%) | 153 (99%) | 2 (1%) 69 190]
1 B 155/306 (51%) | 153 (99%) | 2 (1%) 69 190
1 C 155/306 (51%) | 153 (99%) | 2 (1%) 69 90|
1 D 155/306 (51%) | 153 (99%) | 2 (1%) 69 190]
1 E 155/306 (51%) | 153 (99%) | 2 (1%) 69 190]
1 F 155/306 (51%) | 153 (99%) | 2 (1%) 69 190
1 G 155/306 (51%) | 153 (99%) | 2 (1%) 69 90|
All | ALl | 1085/2142 (51%) | 1071 (99%) | 14 (1%) 70 {90

All (14) residues with a non-rotameric sidechain are listed below:

Mol | Chain | Res | Type
1 A 68 TYR
1 A 124 PHE
1 B 68 TYR
1 B 124 PHE
1 C 68 TYR

Continued on next page...
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Continued from previous page...

Mol | Chain | Res | Type
1 C 124 PHE
1 D 68 TYR
1 D 124 PHE
1 E 68 TYR
1 E 124 PHE
1 F 68 TYR
1 F 124 PHE
1 G 68 TYR
1 G 124 PHE

Sometimes sidechains can be flipped to improve hydrogen bonding and reduce clashes. All (14)
such sidechains are listed below:

Mol | Chain | Res | Type
1 A 71 ASN
1 A 154 GLN
1 B 71 ASN
1 B 154 GLN
1 C 71 ASN
1 C 154 GLN
1 D 71 ASN
1 D 154 GLN
1 E 71 ASN
1 E 154 GLN
1 F 71 ASN
1 F 154 GLN
1 G 71 ASN
1 G 154 GLN

5.3.3 RNA (D

There are no RNA molecules in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5 Carbohydrates (i)

There are no monosaccharides in this entry.
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5.6 Ligand geometry (i)

7 ligands are modelled in this entry.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the Chemical Component Dictionary. The
Link column lists molecule types, if any, to which the group is linked. The Z score for a bond
length (or angle) is the number of standard deviations the observed value is removed from the
expected value. A bond length (or angle) with |Z| > 2 is considered an outlier worth inspection.
RMSZ is the root-mean-square of all Z scores of the bond lengths (or angles).

. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link Counts RMSZg 4HZ| > 2 | Counts RMSZg #Z| > 2
2 NAG A 1001 1 14,14,15| 0.27 0 17,19,21 | 0.50 0
2 NAG G 1001 1 14,14,15 | 0.27 0 17,19,21 | 0.50 0
2 NAG C 1001 1 14,14,15 | 0.28 0 17,19,21 | 0.50 0
2 NAG E 1001 1 1414,15 | 0.28 0 17,1921 | 0.51 0
2 NAG F 1001 1 14,14,15 | 0.29 0 17,1921 | 0.51 0
2 NAG D 1001 1 14,14,15 | 0.27 0 17,1921 | 0.52 0
2 NAG B 1001 1 14,14,15 | 0.28 0 17,19,21 | 0.51 0

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the
Chemical Component Dictionary. Similar counts are reported in the Torsion and Rings columns.

"-> means no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions | Rings
2 NAG A 1001 1 - 0/6/23/26 | 0/1/1/1
2 NAG G 1001 1 - 0/6/23/26 | 0/1/1/1
2 NAG C 1001 1 - 0/6/23/26 | 0/1/1/1
2 NAG E 1001 1 - 0/6/23/26 | 0/1/1/1
2 NAG F 1001 1 - 0/6/23/26 | 0/1/1/1
2 NAG D 1001 1 - 0/6/23/26 | 0/1/1/1
2 NAG B 1001 1 - 0/6/23/26 | 0/1/1/1

There are no bond length outliers.

There are no bond angle outliers.

There are no chirality outliers.

There are no torsion outliers.

There are no ring outliers.

No monomer is involved in short contacts.
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5.7 Other polymers (i)

There are no such residues in this entry.

5.8 Polymer linkage issues (i)

There are no chain breaks in this entry.
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6 Map visualisation (i)

This section contains visualisations of the EMDB entry EMD-30831. These allow visual inspection
of the internal detail of the map and identification of artifacts.

No raw map or half-maps were deposited for this entry and therefore no images, graphs, etc.
pertaining to the raw map can be shown.

6.1 Orthogonal projections (i)

6.1.1 Primary map

The images above show the map projected in three orthogonal directions.

6.2 Central slices (i)

6.2.1 Primary map

X Index: 130 Y Index: 130 7Z Index: 130
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The images above show central slices of the map in three orthogonal directions.

6.3 Largest variance slices (i)

6.3.1 Primary map

X Index: 156 Y Index: 109 7 Index: 118

The images above show the largest variance slices of the map in three orthogonal directions.

6.4 Orthogonal surface views (i)

6.4.1 Primary map

The images above show the 3D surface view of the map at the recommended contour level 0.154.
These images, in conjunction with the slice images, may facilitate assessment of whether an ap-
propriate contour level has been provided.
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6.5 Mask visualisation (i)

This section was not generated. No masks/segmentation were deposited.
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7 Map analysis (i)

This section contains the results of statistical analysis of the map.

7.1 Map-value distribution (i)

Map-value distribution

4 —— Voxel count

Recommended contour
level 0.154

Voxel count (log10)

-0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25
Map value

The map-value distribution is plotted in 128 intervals along the x-axis. The y-axis is logarithmic.
A spike in this graph at zero usually indicates that the volume has been masked.
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7.2 Volume estimate (i)

Volume estimate

17500 A
15000 A

12500 A

—— Volume

10000 A Recommended contour
level 0.154

Volume (nm?3)

7500 A

5000 A

2500 A L

-0.50 —-0.25 0.00 0.25 0.50 0.75 1.00 1.25
Contour level

The volume at the recommended contour level is 185 nm?; this corresponds to an approximate
mass of 167 kDa.

The volume estimate graph shows how the enclosed volume varies with the contour level. The
recommended contour level is shown as a vertical line and the intersection between the line and
the curve gives the volume of the enclosed surface at the given level.
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7.3 Rotationally averaged power spectrum (i)

Intensity (log10)

Rotationally averaged power spectrum

—— Primary map RAPS
Reported resolution
2.90 A+

0.0 0.1 0.2 0.3 0.4 0.5
Spatial frequency (A1)

*Reported resolution corresponds to spatial frequency of 0.345 At
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8 Fourier-Shell correlation (i)

This section was not generated. No FSC curve or half-maps provided.
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9 Map-model fit (i)

This section contains information regarding the fit between EMDB map EMD-30831 and PDB
model 7TDSD. Per-residue inclusion information can be found in section 3 on page 5.

9.1 Map-model overlay (i)

The images above show the 3D surface view of the map at the recommended contour level 0.154
at 50% transparency in yellow overlaid with a ribbon representation of the model coloured in blue.
These images allow for the visual assessment of the quality of fit between the atomic model and
the map.
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9.2 Atom inclusion (i)

Atom inclusion

10 N \
5
E 08 7
)
=
[
© —
G 0.6 4 Backbone atoms
£ All non-hydrogen
g atoms
S Recommended contour
© level 0.154
%5 0.4
c
0
et
(&)
o
Y- 0.2 1
0.0

-0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25
Contour level

At the recommended contour level, 95% of all backbone atoms, 88% of all non-hydrogen atoms,
are inside the map.
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The following versions of software and data (see references (1)) were used in the production of this report:

EMDB validation analysis : 0.0.0.dev61

Mogul : 1.8.5 (274361), CSD as541be (2020)
MolProbity : 4.02b-467
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Ideal geometry (proteins) : Engh & Huber (2001)
Ideal geometry (DNA, RNA) : Parkinson et al. (1996)

Validation Pipeline (wwPDB-VP) : 2.16
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1 Overall quality at a glance (i)

The following experimental techniques were used to determine the structure:
ELECTRON MICROSCOPY

The reported resolution of this entry is 3.50 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Clashscore I | o
Ramachandran outliers I 0
Sidechain outliers I I T 1.3%
Worse Better

0 Percentile relative to all structures

[l Percentile relative to all EM structures

Metric Whole archive EM structures
(#Entries) (#Entries)
Clashscore 158937 4297
Ramachandran outliers 154571 4023
Sidechain outliers 154315 3826

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the map. The red, orange, yellow and green segments of the bar indicate the fraction of residues
that contain outliers for >=3, 2, 1 and 0 types of geometric quality criteria respectively. A grey
segment represents the fraction of residues that are not modelled. The numeric value for each
fraction is indicated below the corresponding segment, with a dot representing fractions <=5%
The upper red bar (where present) indicates the fraction of residues that have poor fit to the EM
map (all-atom inclusion < 40%). The numeric value is given above the bar.

Mol | Chain | Length Quality of chain
1 A 358 - 48% 5% 47%
1 B 358 - 48% 5% 47%
1 C 358 - 48% 5% 47%
1 D 358 = 48% 5% 47%
1 E 358 - 49% 5% 47%
1 F 358 - 48% 5% 47%
1 G 358 - 48% 5% 47%
1 H 358 - 48% 5% 47%
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2 Entry composition (i)

There are 2 unique types of molecules in this entry. The entry contains 11848 atoms, of which 0
are hydrogens and 0 are deuteriums.

In the tables below, the AltConf column contains the number of residues with at least one atom
in alternate conformation and the Trace column contains the number of residues modelled with at
most 2 atoms.

e Molecule 1 is a protein called Calcium homeostasis modulator 1.

Mol | Chain | Residues Atoms AltConf | Trace
L A 191 figg 9?9 2§5 2(6)0 1S3 J 0
1 B 191 ngg 9?9 21;]5 2(6)0 183 0 0
1 ¢ 191 11*221 9?9 21§5 2(50 1S3 0 0
L b 191 fzt(;l 9?9 2§5 220 1S3 0 0
1 E 191 TZE;I 9?9 21;}5 2(6)0 1S3 0 0
1 F 191 ?Zt(;l 9?9 21:\515 2(6?0 1S3 0 0
L G 191 TZZ?I 9(5]9 2?5 2(6)0 1S3 0 0
1| H 191 ng;l 9(539 21?\}5 2%)0 1S3 0 0

There are 104 discrepancies between the modelled and reference sequences:

Chain | Residue | Modelled | Actual | Comment Reference
A -11 LEU - expression tag | UNP E7F2J4
A -10 GLU - expression tag | UNP E7F2J4
A -9 GLN - expression tag | UNP E7F2J4
A -8 LYS - expression tag | UNP E7F2J4
A -7 LEU - expression tag | UNP E7F2J4
A -6 ILE - expression tag | UNP E7F2J4
A -5 SER - expression tag | UNP E7F2J4
A -4 GLU - expression tag | UNP E7F2J4
A -3 GLU - expression tag | UNP E7F2J4
A -2 ASP - expression tag | UNP E7F2J4
A -1 LEU - expression tag | UNP E7F2J4
A 0 ARG - expression tag | UNP E7F2J4
A 1 SER - expression tag | UNP E7F2J4
B -11 LEU - expression tag | UNP E7TF2J4

Continued on next page...
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Continued from previous page...

Chain | Residue | Modelled | Actual | Comment Reference
B -10 GLU - expression tag | UNP E7F2J4
B -9 GLN - expression tag | UNP E7F2J4
B -8 LYS - expression tag | UNP E7F2J4
B -7 LEU - expression tag | UNP E7F2J4
B -6 ILE - expression tag | UNP E7F2J4
B -5 SER - expression tag | UNP ETF2J4
B -4 GLU - expression tag | UNP E7F2J4
B -3 GLU - expression tag | UNP E7F2J4
B -2 ASP - expression tag | UNP E7F2J4
B -1 LEU - expression tag | UNP E7F2J4
B 0 ARG - expression tag | UNP E7F2J4
B 1 SER - expression tag | UNP E7F2J4
C -11 LEU - expression tag | UNP E7F2J4
C -10 GLU - expression tag | UNP E7F2J4
C -9 GLN - expression tag | UNP E7F2J4
C -8 LYS - expression tag | UNP E7F2J4
C -7 LEU - expression tag | UNP E7F2J4
C -6 ILE - expression tag | UNP E7F2J4
C -5 SER - expression tag | UNP E7F2J4
C -4 GLU - expression tag | UNP E7F2J4
C -3 GLU - expression tag | UNP E7TF2J4
C -2 ASP - expression tag | UNP E7F2J4
C -1 LEU - expression tag | UNP E7F2J4
C 0 ARG - expression tag | UNP E7F2J4
C 1 SER - expression tag | UNP E7F2J4
D -11 LEU - expression tag | UNP E7F2J4
D -10 GLU - expression tag | UNP E7F2J4
D -9 GLN - expression tag | UNP E7F2J4
D -8 LYS - expression tag | UNP E7F2J4
D -7 LEU - expression tag | UNP E7F2J4
D -6 ILE - expression tag | UNP E7F2J4
D -5 SER - expression tag | UNP E7F2J4
D -4 GLU - expression tag | UNP E7F2J4
D -3 GLU - expression tag | UNP E7F2J4
D -2 ASP - expression tag | UNP E7F2J4
D -1 LEU - expression tag | UNP E7F2J4
D 0 ARG - expression tag | UNP E7F2J4
D 1 SER - expression tag | UNP E7F2J4
E -11 LEU - expression tag | UNP E7F2J4
E -10 GLU - expression tag | UNP E7F2J4
E -9 GLN - expression tag | UNP E7F2J4
E -8 LYS - expression tag | UNP E7F2J4

Continued on next page...
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Continued from previous page...

Chain | Residue | Modelled | Actual | Comment Reference
E -7 LEU - expression tag | UNP E7F2J4
E -6 ILE - expression tag | UNP E7F2J4
E -5 SER - expression tag | UNP E7F2J4
E -4 GLU - expression tag | UNP E7F2J4
E -3 GLU - expression tag | UNP E7F2J4
E -2 ASP - expression tag | UNP E7F2J4
E -1 LEU - expression tag | UNP E7F2J4
E 0 ARG - expression tag | UNP E7F2J4
E 1 SER - expression tag | UNP E7F2J4
F -11 LEU - expression tag | UNP E7F2J4
F -10 GLU - expression tag | UNP E7F2J4
F -9 GLN - expression tag | UNP E7F2J4
F -8 LYS - expression tag | UNP E7F2J4
F -7 LEU - expression tag | UNP E7F2J4
F -6 ILE - expression tag | UNP E7F2J4
F -5 SER - expression tag | UNP E7F2J4
F -4 GLU - expression tag | UNP E7F2J4
F -3 GLU - expression tag | UNP E7F2J4
F -2 ASP - expression tag | UNP E7F2J4
F -1 LEU - expression tag | UNP E7F2J4
F 0 ARG - expression tag | UNP E7F2J4
F 1 SER - expression tag | UNP E7F2J4
G -11 LEU - expression tag | UNP E7F2J4
G -10 GLU - expression tag | UNP E7F2J4
G -9 GLN - expression tag | UNP E7F2J4
G -8 LYS - expression tag | UNP E7F2J4
G -7 LEU - expression tag | UNP E7F2J4
G -6 ILE - expression tag | UNP E7F2J4
G -5 SER - expression tag | UNP E7F2J4
G -4 GLU - expression tag | UNP E7TF2J4
G -3 GLU - expression tag | UNP E7F2J4
G -2 ASP - expression tag | UNP E7F2J4
G -1 LEU - expression tag | UNP E7F2J4
G 0 ARG - expression tag | UNP E7F2J4
G 1 SER - expression tag | UNP E7F2J4
H -11 LEU - expression tag | UNP E7F2J4
H -10 GLU - expression tag | UNP E7F2J4
H -9 GLN - expression tag | UNP E7F2J4
H -8 LYS - expression tag | UNP E7F2J4
H -7 LEU - expression tag | UNP E7F2J4
H -6 ILE - expression tag | UNP E7F2J4
H -5 SER - expression tag | UNP E7F2J4

Continued on next page...
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Continued from previous page...

Chain | Residue | Modelled | Actual | Comment Reference
H -4 GLU - expression tag | UNP E7F2J4
H -3 GLU - expression tag | UNP E7F2J4
H -2 ASP - expression tag | UNP E7F2J4
H -1 LEU - expression tag | UNP E7F2J4
H 0 ARG - expression tag | UNP E7F2J4
H 1 SER - expression tag | UNP E7F2J4

e Molecule 2 is 2-acetamido-2-deoxy-beta-D-glucopyranose (three-letter code: NAG) (formula:

C$H15NO6>_
NAG
06
OH
01 05 \
HO O W
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- 04
p ‘ - OH
cs” 007 03
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA, DNA and oligosaccharide chains in the entry. The
first graphic for a chain summarises the proportions of the various outlier classes displayed in the
second graphic. The second graphic shows the sequence view annotated by issues in geometry and
atom inclusion in map density. Residues are color-coded according to the number of geometric
quality criteria for which they contain at least one outlier: green = 0, yellow = 1, orange = 2
and red = 3 or more. A red diamond above a residue indicates a poor fit to the EM map for
this residue (all-atom inclusion < 40%). Stretches of 2 or more consecutive residues without any
outlier are shown as a green connector. Residues present in the sample, but not in the model, are
shown in grey.
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4 Experimental information (i)

Property Value Source
EM reconstruction method SINGLE PARTICLE Depositor
Imposed symmetry POINT, Not provided

Number of particles used 44894 Depositor
Resolution determination method | FSC 0.143 CUT-OFF Depositor
CTF correction method NONE Depositor
Microscope FEI TITAN KRIOS Depositor
Voltage (kV) 300 Depositor
Electron dose (e~ /A”) 50 Depositor
Minimum defocus (nm) Not provided

Maximum defocus (nm) Not provided

Magnification Not provided

Image detector GATAN K2 SUMMIT (4k x 4k) Depositor
Maximum map value 0.069 Depositor
Minimum map value -0.040 Depositor
Average map value 0.000 Depositor
Map value standard deviation 0.002 Depositor
Recommended contour level 0.0075 Depositor
Map size (A) 263.64, 263.64, 263.64 wwPDB
Map dimensions 260, 260, 260 wwPDB
Map angles (°) 90.0, 90.0, 90.0 wwPDB
Pixel spacing (A) 1.014, 1.014, 1.014 Depositor
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section:
NAG

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles

Mol | Chain | pyie71 121 55 | RMSZ | #]Z7] =5
1 A 0.27 0/1501 0.40 0/2040

1 B 0.27 0/1501 0.40 0/2040

1 C 0.27 0/1501 0.40 0/2040

1 D 0.27 0/1501 0.40 0/2040

1 E 0.27 0/1501 0.40 0/2040

1 F 0.27 0/1501 0.40 0/2040

1 G 0.27 0/1501 0.40 0/2040

1 H 0.27 0/1501 0.40 0/2040

All All 0.27 | 0/12008 | 0.40 | 0/16320

There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.

There are no planarity outliers.

5.2 Too-close contacts (i)

In the following table; the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogen
atoms added and optimized by MolProbity. The Clashes column lists the number of clashes within
the asymmetric unit, whereas Symm-Clashes lists symmetry-related clashes.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1467 0 1430 17 0
1 B 1467 0 1430 17 0
1 C 1467 0 1430 18 0
1 D 1467 0 1430 16 0
1 E 1467 0 1430 15 0

Continued on next page...
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Continued from previous page...

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 F 1467 0 1430 17 0
1 G 1467 0 1430 17 0
1 H 1467 0 1430 18 0
2 A 14 0 13 0 0
2 B 14 0 13 0 0
2 C 14 0 13 0 0
2 D 14 0 13 0 0
2 E 14 0 13 0 0
2 F 14 0 13 0 0
2 G 14 0 13 0 0
2 H 14 0 13 0 0

All All 11848 0 11544 95 0

The all-atom clashscore is defined as the number of clashes found per 1000 atoms (including
hydrogen atoms). The all-atom clashscore for this structure is 4.

All (95) close contacts within the same asymmetric unit are listed below, sorted by their clash

magnitude.
Interatomic Clash
Atom-1 Atoy-2 distance (A) overlap (A)
1:G:74:ILE:HD11 1:H:198:PHE:CE1 2.27 0.70
1:B:74:ILE:HD11 1:C:198:PHE:CE1 2.27 0.70
1:F:74:.1LE:HD11 1:G:198:PHE:CE1 2.27 0.69
1:A:198:PHE:CE1 1:H:74:1LE:HD11 2.27 0.69
1:C:74:.1ILE:HD11 1:D:198:PHE:CE1 2.27 0.69
1:E:74:ILE:HD11 1:F:198:PHE:CE1 2.27 0.69
1:D:74:1ILE:HD11 1:E:198:PHE:CE1 2.27 0.69
1:A:74:1LE:HD11 1:B:198:PHE:CE1 2.27 0.69
1:G:74:ILE:CD1 1:H:198:PHE:CE1 2.82 0.62
1:F:74:1LE:CD1 1:G:198:PHE:CE1 2.82 0.62
1:C:74:ILE:CD1 1:D:198:PHE:CE1 2.82 0.62
1:B:74:ILE:CD1 1:C:198:PHE:CE1 2.82 0.62
1:D:74:ILE:CD1 1:E:198:PHE:CE1 2.82 0.62
1:A:74:ILE:CD1 1:B:198:PHE:CE1 2.82 0.61
1:E:74:ILE:CD1 1:F:198:PHE:CE1 2.82 0.61
1:A:198:PHE:CE1 1:H:74:ILE:CD1 2.82 0.61
1:A:74:1LE:CD1 1:B:198:PHE:HE1 2.19 0.56
1:A:198:PHE:HE1 1:H:74:ILE:CD1 2.19 0.56
1:D:74:.ILE:CD1 1:E:198:PHE:HE1 2.19 0.55
1:B:74:ILE:CD1 1:C:198:PHE:HE1 2.19 0.55
1:E:74:ILE:CD1 1:F:198:PHE:HE1 2.19 0.55
1:G:74:ILE:CD1 1:H:198:PHE:HE1 2.19 0.55

Continued on next page...
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Continued from previous page...

Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:D:60:PRO:HD3 | 1:D:113:TRP:CD1 2.42 0.55
1:C:60:PRO:HD3 | 1:C:113:TRP:CD1 2.42 0.55
1:C:74:ILE:CD1 1:D:198:PHE:HE1 2.19 0.54
1:G:60:PRO:HD3 | 1:G:113:TRP:CD1 2.42 0.54
1:E:60:PRO:HD3 1:E:113: TRP:CD1 2.42 0.54
1:F:60:PRO:HD3 1:F:113:TRP:CD1 2.42 0.54
1:A:60:PRO:HD3 | 1:A:113:TRP:CD1 2.42 0.54
1:B:60:PRO:HD3 1:B:113: TRP:CD1 2.42 0.54
1:H:60:PRO:HD3 | 1:H:113:TRP:CD1 2.42 0.54
1:F:74:ILE:CD1 1:G:198:PHE:HE1 2.19 0.54
1:A:119:MET:CE 1:H:37:PHE:HE1 2.24 0.51
1:B:37:PHE:HE1 1:C:119:-MET:CE 2.24 0.51
1:D:37:PHE:HE1 1:E:119:MET:CE 2.24 0.51
1:A:37:PHE:HE1 1:B:119:MET:CE 2.24 0.51
1:F:37:PHE:HE1 1:G:119:MET:CE 2.24 0.50
1:C:37:PHE:HE1 1:D:119:MET:CE 2.24 0.50
1:D:162:1ILE:HD11 | 1:E:176:ARG:HD2 1.94 0.50
1:G:37:PHE:HE1 1:H:119:MET:CE 2.24 0.50
1:B:162:ILE:HD11 | 1:C:176:ARG:HD2 1.94 0.49
1:E:162:ILE:HD11 | 1:F:176:ARG:HD2 1.94 0.49
1:E:37:PHE:HE1 1:F:119:MET:CE 2.24 0.49
1:C:162:ILE:HD11 | 1:D:176:ARG:HD2 1.94 0.49
1:F:162:ILE:HD11 | 1:G:176:ARG:HD2 1.94 0.49
1:D:92:PRO:0O 1:D:95:LEU:HB2 2.14 0.48
1:G:162:ILE:HD11 | 1:H:176:ARG:HD2 1.94 0.48
1:A:92:PRO:O 1:A:95:LEU:HB2 2.14 0.48
1:A:176:ARG:HD2 | 1:H:162:ILE:HD11 1.94 0.48
1:C:92:PRO:0O 1:C:95:LEU:HB2 2.14 0.48
1:A:162:ILE:HD11 | 1:B:176:ARG:HD2 1.94 0.48
1:E:92:PRO:O 1:E:95:LEU:HB2 2.14 0.48
1:B:92:PRO:O 1:B:95:LEU:HB2 2.14 0.48
1:H:92:PRO:O 1:H:95:LEU:HB2 2.14 0.47
1:F:92:PRO:0O 1:F:95:LEU:HB2 2.14 0.47
1:G:92:PRO:O 1:G:95:LEU:HB2 2.14 0.47
1:H:133:ASP:OD1 1:H:135:SER:OG 2.33 0.47
1:E:133:ASP:OD1 1:E:135:SER:OG 2.33 0.47
1:G:133:ASP:OD1 1:G:135:SER:OG 2.33 0.47
1:F:133:ASP:0OD1 1:F:135:SER:OG 2.33 0.47
1:C:68:TYR:OH 1:C:103:THR:0G1 2.30 0.46
1:D:133:ASP:0OD1 1:D:135:SER:0G 2.33 0.46
1:A:133:ASP:OD1 1:A:135:SER:OG 2.33 0.46

Continued on next page...
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:D:118:LEU:O 1:D:182:SER:OG 2.35 0.45
1:E:118:LEU:O 1:E:182:SER:0G 2.35 0.45
1:F:57:ILE:O 1:F:60:PRO:HG2 2.17 0.45
1:B:68:TYR:OH 1:B:103: THR:0G1 2.30 0.45
1:C:118:LEU:O 1:C:182:SER:OG 2.35 0.45
1:E:57:ILE:O 1:E:60:PRO:HG2 2.17 0.45
1:G:57:ILE:O 1:G:60:PRO:HG2 2.17 0.45
1:F:118:LEU:O 1:F:182:SER:OG 2.35 0.44
1:B:118:LEU:O 1:B:182:SER:0OG 2.35 0.44
1:C:133:ASP:0OD1 1:C:135:SER:OG 2.33 0.44
1:B:57:ILE:O 1:B:60:PRO:HG2 2.17 0.44
1:D:57:ILE:O 1:D:60:PRO:HG2 2.17 0.44
1:H:57:ILE:O 1:H:60:PRO:HG2 2.18 0.44
1:A:118:LEU:O 1:A:182:SER:OG 2.35 0.44
1:H:118:LEU:O 1:H:182:SER:OG 2.35 0.44
1:A:65:LEU:HD23 1:A:65:LEU:HA 1.87 0.43
1:C:57:1ILE:O 1:C:60:PRO:HG2 2.17 0.43
1:A:68:TYR:OH 1:A:103:THR:OG1 2.30 0.43
1:H:68: TYR:OH 1:H:103: THR:OG1 2.30 0.43
1:A:57:ILE:O 1:A:60:PRO:HG2 2.17 0.43
1:G:118:LEU:O 1:G:182:SER:OG 2.35 0.43
1:G:68:TYR:OH 1:G:103: THR:0G1 2.30 0.43
1:G:65:LEU:HD23 1:G:65:LEU:HA 1.87 0.42
1:F:65:LEU:HD23 1:F:65:LEU:HA 1.87 0.42
1:B:140:GLU:HG3 1:B:140:GLU:H 1.73 0.42
1:B:133:ASP:OD1 1:B:135:SER:OG 2.33 0.41
1:D:65:LEU:HD23 1:D:65:LEU:HA 1.87 0.41
1:F:68: TYR:OH 1:F:103:THR:OG1 2.30 0.41
1:H:65:LEU-HA 1:H:65:LEU:HD23 1.87 0.41
1:C:118:LEU:HD23 | 1:C:118:LEU:HA 1.93 0.41
1:H:193:ILE:HA 1:H:193:ILE:HD13 1.90 0.41
1:C:193:1LE:HA 1:C:193:ILE:HD13 1.90 0.40

There are no symmetry-related clashes.

5.3 Torsion angles (i)

5.3.1 Protein backbone (i)

EMD-30830, 7DSC

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all PDB entries followed by that with respect to all EM
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entries.

The Analysed column shows the number of residues for which the backbone conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A 185/358 (52%) | 182 (98%) | 3 (2%) 0 |
1 B 185/358 (52%) | 182 (98%) | 3 (2%) 0 |
1 C 185/358 (52%) | 182 (98%) | 3 (2%) 0 |
1 D 185/358 (52%) | 182 (98%) | 3 (2%) 0 |
1 E 185/358 (52%) | 182 (98%) | 3 (2%) 0 |
1 F 185/358 (52%) | 182 (98%) | 3 (2%) 0 |
1 G | 185/358 (52%) | 182 (98%) | 3 (2%) 0 100 [100]
1 H 185/358 (52%) | 182 (98%) | 3 (2%) 0 |

All | Al | 1480/2864 (52%) | 1456 (98%) | 24 (2%) 0 |

There are no Ramachandran outliers to report:

5.3.2 Protein sidechains (i)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all PDB entries followed by that with respect to all EM
entries.

The Analysed column shows the number of residues for which the sidechain conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 151/318 (48%) | 149 (99%) | 2 (1%) 69 |86
1 B 151/318 (48%) | 149 (99%) | 2 (1%) 69 |86
1 C 151/318 (48%) | 149 (99%) | 2 (1%) 69 |86
1 D 151/318 (48%) | 149 (99%) | 2 (1%) 69 |86
1 E 151/318 (48%) | 149 (99%) | 2 (1%) 69 |86
1 F 151/318(48%) | 149 (99%) | 2 (1%) 69 |86
1 G 151/318 (48%) | 149 (99%) | 2 (1%) 69 |86
1 H 151/318 (48%) | 149 (99%) | 2 (1%) 69 |86
All | ALl | 1208/2544 (48%) | 1192 (99%) | 16 (1%) 70 |86

All (16) residues with a non-rotameric sidechain are listed below:
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Mol | Chain | Res | Type
1 A 68 TYR
1 A 124 PHE
1 B 68 TYR
1 B 124 PHE
1 C 68 TYR
1 C 124 PHE
1 D 68 TYR
1 D 124 PHE
1 E 68 TYR
1 E 124 PHE
1 F 68 TYR
1 F 124 PHE
1 G 68 TYR
1 G 124 PHE
1 H 68 TYR
1 H 124 PHE

Sometimes sidechains can be flipped to improve hydrogen bonding and reduce clashes. There are
no such sidechains identified.

5.3.3 RNA (D

There are no RNA molecules in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5 Carbohydrates (i)

There are no monosaccharides in this entry.

5.6 Ligand geometry (i)

8 ligands are modelled in this entry.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statisties could be retrieved, the number of bonds (or angles) that are observed in the model and
the mumber of bonds (or angles) that are defined in the Chemical Component Dictionary. The
Link column lists molecule types, if any, to which the group is linked. The Z score for a bond
length (or angle) is the number of standard deviations the observed value is removed from the
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expected value. A bond length (or angle) with |Z| > 2 is considered an outlier worth inspection.
RMSZ is the root-mean-square of all Z scores of the bond lengths (or angles).

. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link | . RMSZg #1Z| %2 | Counts RMSZg #|Z] > 2
2 | NAG | F_ | 1001 | 1 | 14,1415 0.27 0 17,1921 | 0.52 0
2 | NAG | D |1001| 1 |14,14,15]| 0.26 0 17,1921 | 0.52 0
2 NAG E 1001 1 14,14,15 0.26 0 17,19,21 0:52 0
2 NAG C 1001 1 14,14,15 | 0.26 0 17,19,21 | /0.52 0
2 NAG G 1001 1 14,14,15 | 0.26 0 17,19,21 0.52 0
9 | NAG | H | 1001| 1 |14,14,15]| 0.26 0 17,1921 | 0.52 0
2 NAG A 1001 1 14,14,15 0.26 0 17,19,21 0.52 0
2 NAG B 1001 1 14,14,15 0.27 0 17,19,21 0.52 0

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the
Chemical Component Dictionary. Similar counts are reported in the Torsion and Rings columns.

-> means no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions Rings
2 NAG F 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG D 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG E 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG C 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG G 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG H 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG A 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG B 1001 1 - 2/6/23/26 | 0/1/1/1

There are no bond length outliers.

There are no bond angle outliers.

There are no chirality outliers.

All (16) torsion outliers are listed below:

Mol

Chain

Res

Type

Atoms

1001

NAG

05-C5-C6-06

1001

NAG

05-C5-C6-06

1001

NAG

05-C5-C6-06

1001

NAG

05-C5-C6-06

1001

NAG

05-C5-C6-06

DN DN DN DN DN

QO|= @ o=

1001

NAG

05-C5-C6-06

Continued on next page...



https://doi.org/10.1101/2021.01.14.426634
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.14.426634; this version posted September 2, 2021. 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.

Page 18

Full wwPDB EM Validation Report

EMD-30830, 7DSC

Continued from previous page...

Mol | Chain | Res | Type Atoms
2 H 1001 | NAG | O5-C5-C6-06
2 A 1001 | NAG | O5-C5-C6-06
2 F 1001 | NAG | C4-C5-C6-06
2 D 1001 | NAG | C4-C5-C6-06
2 E 1001 | NAG | C4-C5-C6-06
2 C 1001 | NAG | C4-C5-C6-06
2 G 1001 | NAG | C4-C5-C6-06
2 H 1001 | NAG | C4-C5-C6-06
2 A 1001 | NAG | C4-C5-C6-06
2 B 1001 | NAG | C4-C5-C6-06

There are no ring outliers.

No monomer is involved in short contacts.

5.7 Other polymers (i)

There are no such residues in this entry.

5.8 Polymer linkage issues (i)

There are no chain breaks in this entry.
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6 Map visualisation (i)

This section contains visualisations of the EMDB entry EMD-30830. These allow visual inspection
of the internal detail of the map and identification of artifacts.

No raw map or half-maps were deposited for this entry and therefore no images, graphs, etc.
pertaining to the raw map can be shown.

6.1 Orthogonal projections (i)

6.1.1 Primary map

The images above show the map projected in three orthogonal directions.

6.2 Central slices (i)

6.2.1 Primary map

X Index: 130 Y Index: 130 7Z Index: 130
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The images above show central slices of the map in three orthogonal directions.

6.3 Largest variance slices (i)

6.3.1 Primary map

X Index: 101 Y Index: 101 7 Index: 122

The images above show the largest variance slices of the map in three orthogonal directions.

6.4 Orthogonal surface views (i)

6.4.1 Primary map

The images above show the 3D surface view of the map at the recommended contour level 0.0075.
These images, in conjunction with the slice images, may facilitate assessment of whether an ap-
propriate contour level has been provided.
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6.5 Mask visualisation (i)

This section was not generated. No masks/segmentation were deposited.


https://doi.org/10.1101/2021.01.14.426634
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.14.426634; this version posted September 2, 2021. 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.

Page 22 Full wwPDB EM Validation Report EMD-30830, 7DSC

7 Map analysis (i)
This section contains the results of statistical analysis of the map.
7.1 Map-value distribution (i)

Map-value distribution

4 —— Voxel count

Recommended contour
level 0.0075

Voxel count (log10)

0

-0.04 -0.02 0.00 0.02 0.04 0.06
Map value

The map-value distribution is plotted in 128 intervals along the x-axis. The y-axis is logarithmic.
A spike in this graph at zero usually indicates that the volume has been masked.
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7.2 Volume estimate (i)

Volume estimate

17500 A 1

15000 A

12500 A

—— Volume

10000 A Recommended contour
level 0.0075

Volume (nm?3)

7500 A

5000 A

2500 A

~

-0.04 -0.02 0.00 0.02 0.04 0.06
Contour level

0

The volume at the recommended contour level is 182 nm?; this corresponds to an approximate
mass of 164 kDa.

The volume estimate graph shows how the enclosed volume varies with the contour level. The
recommended contour level is shown as a vertical line and the intersection between the line and
the curve gives the volume of the enclosed surface at the given level.
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7.3 Rotationally averaged power spectrum (i)

Rotationally averaged power spectrum

—— Primary map RAPS
Reported resolution
3.50 Ax

Intensity (log10)
o

0.0 0.1 0.2 0.3 0.4 0.5
Spatial frequency (A1)

*Reported resolution corresponds to spatial frequency of 0.286 At
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8 Fourier-Shell correlation (i)

This section was not generated. No FSC curve or half-maps provided.
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9 Map-model fit (i)

This section contains information regarding the fit between EMDB map EMD-30830 and PDB
model 7DSC. Per-residue inclusion information can be found in section 3 on page 7.

9.1 Map-model overlay (i)

The images above show the 3D surface view of the map at the recommended contour level 0.0075
at 50% transparency in yellow overlaid with a ribbon representation of the model coloured in blue.
These images allow for the visual assessment of the quality of fit between the atomic model and
the map.
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9.2 Atom inclusion (i)

Atom inclusion

1.0 - \
o
E 08 7
)
=
% —— Backbone atoms
‘@ 0.6 -
£ All non-hydrogen
E atoms
S Recommended contour
© level 0.0075
%5 0.4
c
0
et
(&)
©
| .
Y- 0.2 1
0.0

—-0.04 —-0.02 0.00 0.02 0.04 0.06
Contour level

At the recommended contour level, 93% of all backbone atoms, 79% of all non-hydrogen atoms,
are inside the map.
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1 Overall quality at a glance (i)

The following experimental techniques were used to determine the structure:
ELECTRON MICROSCOPY

The reported resolution of this entry is 3.20 A,

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Clashscore I . 17
Ramachandran outliers IS 0
Sidechain outliers I 1 TN 1.6%
Worse Better

0 Percentile relative to all structures

[l Percentile relative to all EM structures

Metric Whole archive EM structures
(#Entries) (#Entries)
Clashscore 158937 4297
Ramachandran outliers 154571 4023
Sidechain outliers 154315 3826

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the map. The red, orange, yellow and green segments of the bar indicate the fraction of residues
that contain outliers for >=3, 2, 1 and 0 types of geometric quality criteria respectively. A grey
segment represents the fraction of residues that are not modelled. The numeric value for each
fraction is indicated below the corresponding segment, with a dot representing fractions <=5%
The upper red bar (where present) indicates the fraction of residues that have poor fit to the EM
map (all-atom inclusion < 40%). The numeric value is given above the bar.

Mol | Chain | Length Quality of chain
1 A 358 - 46% 19% 35%
1 B 358 - 47% 18% 35%
1 C 358 - 46% 19% 35%
1 D 358 = 46% 19% 35%
1 E 358 - 46% 19% 35%
1 F 358 - 46% 19% 35%
1 G 358 - 46% 19% 35%

PROTEIN DATA BANK
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2 Entry composition (i)

There are 2 unique types of molecules in this entry. The entry contains 13006 atoms, of which 0
are hydrogens and 0 are deuteriums.

In the tables below, the AltConf column contains the number of residues with at least one atom
in alternate conformation and the Trace column contains the number of residues modelled with at
most 2 atoms.

e Molecule 1 is a protein called Calcium homeostasis modulator 1.

Mol | Chain | Residues Atoms AltConf | Trace
L A 233 f%fﬁf 12%3 21;8 3(2)8 1S5 0 0
1 B 233 TQE 12%3 2158 3(2)8 185 0 0
1 ¢ 233 112211 12%3 21§8 3(2)8 1S5 9 0
L b 233 fgﬁl 12%3 21;8 3(2)8 1S5 0 0
1 E 233 TQE 12%3 21;8 3(2)8 185 0 0
1 F 233 112211 12%3 21£\)IS 3(2)8 185 0 0
L G 233 fgﬁl 12%3 21;8 3(2)8 1S5 0 0

There are 91 discrepancies between the modelled and reference sequences:

Chain | Residue | Modelled | Actual | Comment Reference
A -11 LEU - expression tag | UNP E7F2J4
A -10 GLU - expression tag | UNP E7F2J4
A -9 GLN - expression tag | UNP E7F2J4
A -8 LYS - expression tag | UNP E7F2J4
A -7 LEU - expression tag | UNP E7F2J4
A -6 ILE - expression tag | UNP E7F2J4
A -5 SER - expression tag | UNP E7F2J4
A -4 GLU - expression tag | UNP E7F2J4
A -3 GLU - expression tag | UNP E7F2J4
A -2 ASP - expression tag | UNP E7F2J4
A -1 LEU - expression tag | UNP E7TF2J4
A 0 ARG - expression tag | UNP E7F2J4
A 1 SER - expression tag | UNP E7F2J4
B -11 LEU - expression tag | UNP E7F2J4
B -10 GLU - expression tag | UNP E7F2J4
B -9 GLN - expression tag | UNP E7F2J4

Continued on next page...
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Continued from previous page...

Chain | Residue | Modelled | Actual | Comment Reference
B -8 LYS - expression tag | UNP E7F2J4
B -7 LEU - expression tag | UNP E7F2J4
B -6 ILE - expression tag | UNP E7F2J4
B -5 SER - expression tag | UNP E7F2J4
B -4 GLU - expression tag | UNP E7F2J4
B -3 GLU - expression tag | UNP ETF2J4
B -2 ASP - expression tag | UNP E7F2J4
B -1 LEU - expression tag | UNP E7F2J4
B 0 ARG - expression tag | UNP E7F2J4
B 1 SER - expression tag | UNP E7F2J4
C -11 LEU - expression tag | UNP E7F2J4
C -10 GLU - expression tag | UNP E7F2J4
C -9 GLN - expression tag | UNP E7F2J4
C -8 LYS - expression tag | UNP E7TF2J4
C -7 LEU - expression tag | UNP E7F2J4
C -6 ILE - expression tag | UNP E7F2J4
C -5 SER - expression tag | UNP E7F2J4
C -4 GLU - expression tag | UNP E7F2J4
C -3 GLU - expression tag | UNP E7F2J4
C -2 ASP - expression tag | UNP E7F2J4
C -1 LEU - expression tag | UNP E7F2J4
C 0 ARG - expression tag | UNP E7F2J4
C 1 SER - expression tag | UNP E7F2J4
D -11 LEU - expression tag | UNP E7F2J4
D -10 GLU - expression tag | UNP E7F2J4
D -9 GLN - expression tag | UNP E7F2J4
D -8 LYS - expression tag | UNP E7F2J4
D -7 LEU - expression tag | UNP E7F2J4
D -6 ILE - expression tag | UNP E7F2J4
D -5 SER - expression tag | UNP E7F2J4
D -4 GLU - expression tag | UNP E7F2J4
D -3 GLU - expression tag | UNP E7F2J4
D -2 ASP - expression tag | UNP E7F2J4
D -1 LEU - expression tag | UNP E7F2J4
D 0 ARG - expression tag | UNP E7F2J4
D 1 SER - expression tag | UNP E7TF2J4
E -11 LEU - expression tag | UNP E7F2J4
E -10 GLU - expression tag | UNP E7F2J4
E -9 GLN - expression tag | UNP E7F2J4
E -8 LYS - expression tag | UNP E7F2J4
E -7 LEU - expression tag | UNP E7F2J4
E -6 ILE - expression tag | UNP E7F2J4

Continued on next page...
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Continued from previous page...

Chain | Residue | Modelled | Actual | Comment Reference
E -5 SER - expression tag | UNP E7F2J4
E -4 GLU - expression tag | UNP E7F2J4
E -3 GLU - expression tag | UNP E7F2J4
E -2 ASP - expression tag | UNP E7F2J4
E -1 LEU - expression tag | UNP E7F2J4
E 0 ARG - expression tag | UNP ETF2J4
E 1 SER - expression tag | UNP E7F2J4
F -11 LEU - expression tag | UNP E7F2J4
F -10 GLU - expression tag | UNP E7F2J4
F -9 GLN - expression tag | UNP E7F2J4
F -8 LYS - expression tag | UNP E7F2J4
F -7 LEU - expression tag | UNP E7F2J4
F -6 ILE - expression tag | UNP E7F2J4
F -5 SER - expression tag | UNP E7TF2J4
F -4 GLU - expression tag | UNP E7F2J4
F -3 GLU - expression tag | UNP E7F2J4
F -2 ASP - expression tag | UNP E7F2J4
F -1 LEU - expression tag | UNP E7F2J4
F 0 ARG - expression tag | UNP E7F2J4
F 1 SER - expression tag | UNP E7F2J4
G -11 LEU - expression tag | UNP E7F2J4
G -10 GLU - expression tag | UNP E7F2J4
G -9 GLN - expression tag | UNP E7F2J4
G -8 LYS - expression tag | UNP E7F2J4
G -7 LEU - expression tag | UNP E7F2J4
G -6 ILE - expression tag | UNP E7F2J4
G -5 SER - expression tag | UNP E7F2J4
G -4 GLU - expression tag | UNP E7F2J4
G -3 GLU - expression tag | UNP E7F2J4
G -2 ASP - expression tag | UNP E7TF2J4
G -1 LEU - expression tag | UNP E7F2J4
G 0 ARG - expression tag | UNP E7F2J4
G 1 SER - expression tag | UNP E7F2J4

o Molecule 2 is 2-acetamido-2-deoxy-beta-D-glucopyranose (three-letter code: NAG) (formula:
CsH15NOg).
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA, DNA and oligosaccharide chains in the entry. The
first graphic for a chain summarises the proportions of the various outlier classes displayed in the
second graphic. The second graphic shows the sequence view annotated by issues in geometry and
atom inclusion in map density. Residues are color-coded according to the number of geometric
quality criteria for which they contain at least one outlier: green = 0, yellow = 1, orange = 2
and red = 3 or more. A red diamond above a residue indicates a poor fit to the EM map for
this residue (all-atom inclusion < 40%). Stretches of 2 or more consecutive residues without any
outlier are shown as a green connector. Residues present in the sample, but not in the model, are
shown in grey.

e Molecule 1: Calcium homeostasis modulator 1

. =
Chain A: 46% 19% 35%

@  © 0000 o0

e Molecule 1: Calcium homeostasis modulator 1
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Chain B: 47% 18% 35%
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4 Experimental information (i)

Property Value Source
EM reconstruction method SINGLE PARTICLE Depositor
Imposed symmetry POINT, Not provided

Number of particles used 12671 Depositor
Resolution determination method | FSC 0.143 CUT-OFF Depositor
CTF correction method NONE Depositor
Microscope FEI TITAN KRIOS Depositor
Voltage (kV) 300 Depositor
Electron dose (e~ /A”) 50 Depositor
Minimum defocus (nm) Not provided

Maximum defocus (nm) Not provided

Magnification Not provided

Image detector GATAN K2 SUMMIT (4k x 4k) Depositor
Maximum map value 1.569 Depositor
Minimum map value -0.651 Depositor
Average map value -0.002 Depositor
Map value standard deviation 0.057 Depositor
Recommended contour level 0.209 Depositor
Map size (A) 263.64, 263.64, 263.64 wwPDB
Map dimensions 260, 260, 260 wwPDB
Map angles (°) 90.0, 90.0, 90.0 wwPDB
Pixel spacing (A) 1.014, 1.014, 1.014 Depositor
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section:
NAG

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles

Mol | Chain | pyiay| 412] >5 | RMSZ | £|2] >5
1 A 0.31 0/1888 0.41 0/2557

1 B 0.31 0/1888 0.41 0/2557

1 C 0.31 0/1888 0.41 0/2557

1 D 0.31 0/1888 0.41 0/2557

1 E 0.31 0/1888 0.41 0/2557

1 F 0.31 0/1888 0.41 0/2557

1 G 0.31 0/1888 0.41 0/2557

All All 0.31 | 0/13216 | 0.41 | 0/17899

There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.

There are no planarity outliers.

5.2 Too-close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogen
atoms added and optimized by MolProbity. The Clashes column lists the number of clashes within
the asymmetric unit, whereas Symm-Clashes lists symmetry-related clashes.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1844 0 1805 82 0
1 B 1844 0 1805 79 0
1 C 1844 0 1805 79 0
1 D 1844 0 1805 82 0
1 E 1844 0 1805 80 0
1 F 1844 0 1805 81 0

Continued on next page...
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Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 G 1844 0 1805 81 0
2 A 14 0 13 0 0
2 B 14 0 13 0 0
2 C 14 0 13 0 0
2 D 14 0 13 0 0
2 E 14 0 13 0 0
2 F 14 0 13 0 0
2 G 14 0 13 0 0
All All 13006 0 12726 426 0

The all-atom clashscore is defined as the number of clashes found per 1000 atoms (including
hydrogen atoms). The all-atom clashscore for this structure is 17.

All (426) close contacts within the same asymmetric unit are listed below, sorted by their clash

magnitude.
Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
1:B:94:VAL:HG12 1:B:98:-MET:HE2 1.44 0.99
1:A:94:.VAL:HG12 1:A:98:MET:HE2 1.43 0.99
1:G:94:VAL:HG12 1:G:98:MET:HE2 1.43 0.98
1:D:94:VAL:HG12 1:D:98:MET:HE2 1.44 0.97
1:C:94:VAL:HG12 1:C:98:MET:HE2 1.44 0.97
1:E:94:VAL:HG12 1:E:98:MET:HE2 1.43 0.96
1:C:94:VAL:HG11 | 1:C:215:THR:HG22 1.47 0.96
1:F:94:VAL:HG12 1:F:98:MET:HE2 1.44 0.96
1:D:94:VAL:HG11 /| 1:D:215:THR:HG22 1.47 0.96
1:B:94:VAL:HG11 | 1:B:215:THR:HG22 1.47 0.96
1:E:94:VAL:HG11 | 1:E:215:THR:HG22 1.47 0.95
1:F:94:VAL:HG11 | 1:F:215:THR:HG22 1.47 0.95
1:G:94:VAL:HG11 | 1:G:215:THR:HG22 1.47 0.95
1:A:94:VAL:HG11 | 1:A:215:THR:HG22 1.47 0.95
1:A:94:VAL:CG1 1:A:215:THR:HG22 2.02 0.90
1:B:94:VAL:CG1 1:B:215: THR:HG22 2.02 0.90
1:E:94:VAL:CG1 1:E:215:THR:CG2 2.50 0.90
1:D:94:VAL:CG1 1:D:215: THR:CG2 2.50 0.90
1:G:94:VAL:CG1 1:G:215: THR:HG22 2.02 0.90
1:C:94:VAL:CG1 1:C:215:THR:HG22 2.02 0.90
1:C:94:VAL:CG1 1:C:215:THR:CG2 2.50 0.89
1:F:94:VAL:CG1 1:F:215:THR:CG2 2.50 0.89
1:B:94:VAL:CG1 1:B:215:THR:CG2 2.50 0.89
1:C:94:VAL:HG12 1:C:98:MET:CE 2.02 0.89
1:B:94:VAL:HG12 1:B:98: MET:CE 2.02 0.89

Continued on next page...
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
1:F:94:VAL:CG1 1:F:215: THR:HG22 2.02 0.89
1:D:94:VAL:CG1 1:D:215: THR:HG22 2.02 0.89
1:D:94:VAL:HG12 1:D:98:MET:CE 2.02 0.89
1:G:94:VAL:CG1 1:G:215:THR:CG2 2.50 0.89
1:A:94:VAL:CG1 1:A:215:THR:CG2 2.50 0.88
1:A:94:.VAL:HG12 1:A:98:MET:CE 2.02 0.88
1:E:71:ASN:HD22 1:E:102:MET:HG3 1.39 0.88
1:E:94:VAL:HG12 1:E:98:MET:CE 2.02 0.88
1:E:94:VAL:CG1 1:E:215:-THR:HG22 2.02 0.88
1:F:94:VAL:HG12 1:F:98:MET:CE 2.02 0.88
1:G:94:VAL:HG12 1:G:98:-MET:CE 2.02 0.87
1:B:71:ASN:HD22 1:B:102:MET:HG3 1.39 0.87
1:G:71:ASN:HD22 | 1:G:102:MET:HG3 1.39 0.87
1:D:71:ASN:HD22 | 1:D:102:MET:HGS3 1.39 0.86
1:C:71:ASN:HD22 1:C:102:MET:HGS3 1.39 0.86
1:F:71:ASN:HD22 1:F:102:MET:HG3 1.39 0.85
1:A:71:ASN:HD22 | 1:A:102:MET:HG3 1.39 0.85
1:A:94:.VAL:HG11 1:A:215:THR:CG2 2.11 0.81
1:G:94:VAL:HG11 1:G:215:THR:CG2 2.11 0.80
1:F:94:VAL:HG11 1:F:215:THR:CG2 2.11 0.78
1:A:62: TRP:HE1 1:B:194: THR:HG1 1.32 0.78
1:F:62:TRP:HE1 1:G:194: THR:HG1 1.31 0.77
1:D:94:VAL:HG11 1:D:215:THR:CG2 2.11 0.77
1:A:194:THR:HG1 1:G:62:TRP:HE1 1.33 0.76
1:C:94:VAL:HG11 1:C:215:THR:CG2 2.11 0.76
1:E:94:VAL:HG11 1:E:215: THR:CG2 2.11 0.76
1:B:94:VAL:HG11 1:B:215:THR:CG2 2.11 0.75
1:B:62: TRP:HE1 1:C:194:THR:HG1 1.34 0.75
1:C:62: TRP:HE1 1:D:194: THR:HG1 1.32 0.74
1:E:62: TRP:HE1 1:F:194: THR:HG1 1.33 0.73
1:D:62: TRP:HE1 1:E:194:THR:HG1 1.34 0.72
1:F:71:ASN:ND2 1:F:102:MET:HG3 2.05 0.71
1:E:71:ASN:ND2 1:E:102:MET:HG3 2.05 0.71
1:G:71:ASN:ND2 1:G:102:MET:HG3 2.05 0.71
1:D:71:ASN:ND2 1:D:102:MET:HG3 2.05 0.71
1:C:71:ASN:ND2 1:C:102:MET:HG3 2.05 0.70
1:A:71:ASN:ND2 1:A:102:MET:HG3 2.05 0.70
1:B:71:ASN:ND2 1:B:102:MET:HG3 2.05 0.70
1:B:225:GLU:CD - | 1:B:226:ARG:HH21 1.98 0.67
1:C:225:GLU:CD 1:C:226:ARG:HH21 1.98 0.67
1:A:225:GLU:CD | 1:A:226:ARG:HH21 1.98 0.67
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
1:G:225:GLU:CD 1:G:226:ARG:HH21 1.98 0.67
1:D:225:GLU:CD | 1:D:226:ARG:HH21 1.98 0.67
1:F:225:GLU:CD 1:F:226:ARG:HH21 1.98 0.67
1:D:94:VAL:HG13 1:D:215: THR:CG2 2.25 0.67
1:E:235:GLU:HA 1:E:238:LYS:HD2 1.77 0.67
1:D:235:GLU:HA 1:D:238:LYS:HD2 1.77 0.67
1:E:94:VAL:HG13 1:E:215:THR:CG2 2.25 0.66
1:F:235:GLU:HA 1:F:238:LYS:HD2 1.77 0.66
1:C:235:GLU:HA 1:C:238:LYS:HD2 1.77 0.66
1:C:94:VAL:HG13 1:C:215:THR:CG2 2.25 0.66
1:E:225:GLU:CD 1:E:226:ARG:HH21 1.98 0.66
1:G:94:VAL:HG13 | 1:G:215:THR:CG2 2.25 0.66
1:G:235:GLU:HA 1:G:238:LYS:HD2 1.77 0.65
1:B:235:GLU:HA 1:B:238:LYS:HD2 1.77 0.65
1:F:212:PHE:O 1:F:216:LYS:HG2 1.97 0.65
1:E:32:GLN:HG2 1:F:9:GLN:CB 2.27 0.65
1:A:94:VAL:HG13 1:A:215:THR:CG2 2.25 0.65
1:G:212:PHE:O 1:G:216:LYS:HG2 1.97 0.65
1:A:212:PHE:O 1:A:216:LYS:HG2 1.97 0.65
1:F:94:VAL:HG13 1:F:215:THR:CG2 2.25 0.65
1:B:212:PHE:O 1:B:216:LYS:HG2 1.97 0.65
1:C:212:PHE:O 1:C:216:LYS:HG2 1.97 0.64
1:E:212:PHE:O 1:E:216:LYS:HG2 1.97 0.64
1:E:32:GLN:HG2 1:F:9:GLN:HA 1.79 0.64
1:A:235:GLU:HA 1:A:238:LYS:HD2 1.77 0.64
1:D:212:PHE:O 1:D:216:LYS:HG2 1.97 0.64
1:B:94:VAL:HG13 1:B:215:THR:CG2 2.25 0.64
1:F:32:GLN:HG2 1:G:9:GLN:CB 2.28 0.64
1:E:37:PHE:CZ 1:F:183:GLN:OFE1 2.51 0.64
1:F:37:PHE:CZ 1:G:183:GLN:OE1 2.51 0.64
1:A:9:GLN:CB 1:G:32:GLN:HG2 2.28 0.64
1:D:32:GLN:HG2 1:E:9:GLN:CB 2.28 0.64
1:D:32:GLN:HG2 1:E:9:GLN:HA 1.80 0.64
1:C:37:PHE:CZ 1:D:183:GLN:OE1 2.50 0.63
1:C:32:GLN:HG2 1:D:9:GLN:CB 2.28 0.63
1:A:32:GLN:HG2 1:B:9:GLN:CB 2.28 0.63
1:A:37:PHE:CZ 1:B:183:GLN:OE1 2.52 0.63
1:A:183:GLN:OE1 1:G:37:PHE:CZ 2.52 0.63
1:B:37:PHE:CZ 1:C:183:GLN:OE1 2.51 0.63
1:D:37:PHE:CZ 1:E:183:GLN:OE1 2.51 0.63
1:E:32:GLN:HG2 1:F:9:GLN:CA 2.29 0.63
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:B:32:GLN:HG2 1:C:9:GLN:CB 2.28 0.62
1:B:28:LEU:HD12 1:B:29:ALA:N 2.14 0.62
1:C:32:GLN:HG2 1:D:9:GLN:HA 1.81 0.62
1:A:28:LEU:HD12 1:A:29:ALA:N 2.14 0.62

1:A:9:GLN:HA 1:G:32:GLN:HG2 1.81 0.62
1:E:28:LEU:HD12 1:E:29:ALA:N 2.14 0.62
1:F:32:GLN:HG2 1:G:9:GLN:HA 1.80 0.62
1:A:32:GLN:HG2 1:B:9:GLN:HA 1.81 0.62
1:C:28:LEU:HD12 1:C:29:ALA:N 2.14 0.62
1:F:32:GLN:HG2 1:G:9:GLN:CA 2.30 0.62
1:G:28:LEU:HD12 1:G:29:ALA:N 2.14 0.62
1:B:32:GLN:HG2 1:C:9:GLN:HA 1.81 0.62

1:A:9:GLN:CA 1:G:32:GLN:HG2 2.30 0.61
1:D:28:LEU:HD12 1:D:29:ALA:N 2.14 0.61
1:D:32:GLN:HG2 1:E:9:GLN:CA 2.30 0.61
1:A:32:GLN:HG2 1:B:9:GLN:CA 2.30 0.61
1:C:32:GLN:HG2 1:D:9:GLN:CA 2.30 0.61
1:B:32:GLN:HG2 1:C:9:GLN:CA 2.30 0.61
1:F:28:LEU:HD12 1:F:29:ALA:N 2.14 0.61
1:G:91:ASP:HB3 1:G:92:PRO:HD2 1.85 0.59
1:C:91:ASP:HB3 1:C:92:PRO:HD2 1.85 0.59
1:D:91:ASP:HB3 1:D:92:PRO:HD2 1.85 0.59
1:A:91:ASP:HB3 1:A:92:PRO:HD2 1.85 0.59
1:B:91:ASP:HB3 1:B:92:PRO:HD2 1.85 0.59
1:F:91:ASP:HB3 1:F:92:PRO:HD2 1.85 0.59
1:E:91:ASP:HB3 1:E:92:PRO:HD2 1.85 0.58
1:C:91:ASP:HB2 1:C:94:VAL:HG23 1.86 0.58
1:F:225:GLU:CD 1:F:226:ARG:NH2 2.57 0.58
1:D:91:ASP:HB2 1:D:94:VAL:HG23 1.86 0.58
1:E:91:ASP:HB2 1:E:94:VAL:HG23 1.85 0.58
1:B:91:ASP:HB2 1:B:94:VAL:HG23 1.85 0.57
1:D:225:GLU:CD 1:D:226:ARG:NH2 2.57 0.57
1:G:225:GLU:CD 1:G:226:ARG:NH2 2.57 0.57
1:C:225:GLU:CD 1:C:226:ARG:NH2 2.57 0.57
1:E:225:GLU:CD 1:E:226:ARG:NH2 2.57 0.57
1:F:91:ASP:HB2 1:F:94:VAL:HG23 1.85 0.57
1:B:225:GLU:CD 1:B:226:ARG:NH2 2.57 0.57
1:G:91:ASP:HB2 1:G:94:VAL:HG23 1.85 0.57
1:A:225:GLU:CD 1:A:226:ARG:NH2 2.57 0.57
1:A:91:ASP:HB2 1:A:94:VAL:HG23 1.85 0.56
1:A:220:HIS:HD2 1:G:233:CYS:HB2 1.71 0.56

Continued on next page...

€
A
o
iy


https://doi.org/10.1101/2021.01.14.426634
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.14.426634; this version posted September 2, 2021. 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.

Page 16

Full wwPDB EM Validation Report

EMD-30832, 7DSE

Continued from previous page...

Interatomic Clash

Atom-1 Atom-2 distance (A) overlap (A)
1:A:233:CYS:HB2 1:B:220:HIS:HD2 1.71 0.55
1:B:233:CYS:HB2 1:C:220:HIS:HD2 1.71 0.55
1:C:233:CYS:HB2 1:D:220:HIS:HD2 1.71 0.55
1:E:224:THR:HA 1:E:227:-LYS:HG2 1.89 0.55
1:F:233:CYS:HB2 1:G:220:HIS:HD2 1.71 0.55
1:F:224: THR:HA 1:F:227.LYS:HG2 1.89 0.55
1:D:224: THR:HA 1:D:227:LYS:HG2 1.89 0.55
1:E:74:1ILE:HD11 1:F:201:ARG:HB3 1.87 0.55
1:D:233:CYS:HB2 1:E:220:HIS:HD2 1.71 0.55
1:G:224: THR:HA 1:G:227:LYS:HG2 1.89 0.55
1:A:224: THR:HA 1:A:227:LYS:HG2 1.89 0.55
1:C:224:THR:HA 1:C:227:LYS:HG2 1.89 0.55
1:B:224: THR:HA 1:B:227:LYS:HG2 1.89 0.54
1:E:233:CYS:HB2 1:F:220:HIS:HD2 1.71 0.54
1:D:74:.1ILE:HD11 1:E:201:ARG:HB3 1.89 0.54
1:A:201:ARG:HB3 1:G:74:ILE:HD11 1.89 0.54
1:A:74:ILE:HD11 1:B:201:ARG:HB3 1.89 0.54
1:F:74.1LE:HD11 1:G:201:ARG:HB3 1.89 0.54
1:C:74:.1LE:HD11 1:D:201:ARG:HB3 1.89 0.53
1:A:233:CYS:HB2 1:B:220:HIS:CD2 2.44 0.53
1:A:220:HIS:CD2 1:G:233:CYS:HB2 2.44 0.53
1:F:233:CYS:HB2 1:G:220:HIS:CD2 2.44 0.53
1:B:233:CYS:HB2 1:C:220:HIS:CD2 2.44 0.53
1:B:74:1ILE:HD11 1:C:201:ARG:HB3 1.89 0.53
1:E:233:CYS:HB2 1:F:220:HIS:CD2 2.44 0.52
1:C:233:CYS:HB2 1:D:220:HIS:CD2 2.44 0.52
1:D:233:CYS:HB2 1:E:220:HIS:CD2 2.44 0.52
1:E:245:ILE:HD11 | 1:F:232:THR:HG21 1.92 0.51
1:D:245:1ILE:HD11 | 1:E:232: THR:HG21 1.93 0.51
1:F:245:1LE:HD11 | 1:G:232: THR:HG21 1.92 0.51
1:G:91:ASP:HB3 1:G:92:PRO:CD 2.41 0.51
1:E:91:ASP:HB3 1:E:92:PRO:CD 2.41 0.51
1:A:91:ASP:HB3 1:A:92:PRO:CD 2.41 0.50
1:D:91:ASP:HB3 1:D:92:PRO:CD 2.41 0.50
1:F:91:ASP:HB3 1:F:92:PRO:CD 2.41 0.50
1:A:232:THR:HG21 | 1:G:245:ILE:HD11 1.93 0.50
1:C:91:ASP:HB3 1:C:92:PRO:CD 2.41 0.50
1:E:25:ILE:O 1:E:28:LEU:HG 2.12 0.50
1:A:118:LEU:O 1:A:182:SER:OG 2.30 0.50
1:C:25:ILE:O 1:C:28:LEU:HG 2.12 0.50
1:B:91:ASP:HB3 1:B:92:PRO:CD 2.41 0.50
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Continued from previous page...

Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:A:25:ILE:O 1:A:28:LEU:HG 2.12 0.50
1:B:118:LEU:O 1:B:182:SER:OG 2.30 0.50
1:B:245:ILE:HD11 | 1:C:232:THR:HG21 1.93 0.50
1:D:118:LEU:O 1:D:182:SER:OG 2.30 0.50
1:C:245:ILE:HD11 | 1:D:232:THR:HG21 1.94 0.49
1:E:69:VAL:HG23 1:F:201:ARG:HD3 1.94 0.49
1:G:25:ILE:O 1:G:28:LEU:HG 2.12 0.49
1:A:245:1LE:HD11 | 1:B:232:THR:HG21 1.93 0.49
1:B:233:CYS:CB 1:C:220:HIS:HD2 2.26 0.49
1:B:69:VAL:HG23 1:C:201:ARG:HD3 1.94 0.49
1:D:233:CYS:CB 1:E:220:HIS:HD2 2.25 0.49
1:E:233:CYS:CB 1:F:220:HIS:HD2 2.25 0.49
1:G:118:LEU:O 1:G:182:SER:OG 2.30 0.49
1:A:233:CYS:CB 1:B:220:HIS:HD2 2.25 0.49
1:B:25:1LE:O 1:B:28:LEU:HG 2.12 0.49
1:F:69:VAL:HG23 1:G:201:ARG:HD3 1.94 0.49
1:F:25:1LE:O 1:F:28:LEU.HG 2.12 0.49
1:G:142:TYR:CE2 | 1:G:168:ILE:HG12 2.48 0.49
1:A:142:TYR:CE2 1:A:168:1LE:HG12 2.48 0.49
1:C:40:THR:HG22 1:D:183:GLN:NE2 2.28 0.49
1:A:220:HIS:HD2 1:G:233:CYS:CB 2.25 0.49
1:B:142: TYR:CE2 1:B:168:ILE:HG12 2.48 0.49
1:D:142:TYR:CE2 1:D:168:1LE:HG12 2.48 0.49
1:E:118:LEU:O 1:E:182:SER:OG 2.30 0.49
1:E:142:TYR:CE2 1:E:168:ILE:HG12 2.48 0.49
1:D:25:ILE:O 1:D:28:LEU:-HG 2.12 0.48
1:D:40: THR:HG22 1:E:183:GLN:NE2 2.28 0.48
1:F:142:TYR:CE2 1:F:168:ILE:HG12 2.48 0.48
1:C:118:LEU:O 1:C:182:SER:OG 2.30 0.48
1:A:40: THR:HG22 1:B:183:GLN:NE2 2.29 0.48
1:E:40: THR:HG22 1:F:183:GLN:NE2 2.28 0.48
1:F:40: THR:HG22 1:G:183:GLN:NE2 2.28 0.48
1:F:233:CYS:CB 1:G:220:HIS:HD2 2.25 0.48
1:A:232: THR:HA 1:A:235:GLU:HG3 1.96 0.48
1:A:69:VAL:HG23 1:B:201:ARG:HD3 1.94 0.48
1:A:245:1LE:HD11 1:B:229:PHE:HA 1.96 0.48
1:B:232: THR:HA 1:B:235:GLU:HG3 1.96 0.48
1:B:40: THR:HG22 1:C:183:GLN:NE2 2.29 0.48
1:C:232: THR:HA 1:C:235:GLU:HG3 1.96 0.48
1:D:69:VAL:HG23 1:E:201:ARG:HD3 1.94 0.48
1:E:62: TRP:NE1 1:F:194:THR:OG1 2.37 0.48
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
1:G:232: THR:HA 1:G:235:GLU:HG3 1.96 0.48
1:C:233:CYS:CB 1:D:220:HIS:HD2 2.26 0.48
1:F:245:1LE:HD11 1:G:229:PHE:HA 1.96 0.48
1:A:229:PHE:HA 1:G:245:ILE:HD11 1.96 0.48
1:A:201:ARG:HD3 | 1:G:69:VAL:HG23 1.94 0.48
1:A:37:PHE:HZ 1:B:183:GLN:OE1 1.97 0.48
1:C:37:PHE:HZ 1:D:183:GLN:OE1 1.96 0.48
1:C:69:VAL:HG23 1:D:201:ARG:HD3 1.94 0.48
1:D:37:PHE:HZ 1:E:183:GLN:OE1 1.97 0.48
1:E:37:PHE:HZ 1:F:183:GLN:OE1 1.96 0.48
1:G:77:LEU:HD21 1:G:98:MET:HG3 1.96 0.48
1:B:245:1LE:HD11 1:C:229:PHE:HA 1.96 0.48
1:C:142:TYR:CE2 1:C:168:ILE:HG12 2.48 0.48
1.F:77.LEU:HD21 1:F:98:MET:HG3 1.96 0.48
1:D:145:-LEU:HD21 | 1:D:150:LEU:HD21 1.96 0.48
1:D:232: THR:HA 1:D:235:GLU:HG3 1.96 0.48
1:E:77:LEU:HD21 1:E:98: MET:HG3 1.96 0.48
1:A:77:LEU:HD21 1:A:98:-MET:HG3 1.96 0.47
1:B:37:PHE:HZ 1:C:183:GLN:OE1 1.97 0.47
1:F:232:THR:HA 1:F:235:GLU:HG3 1.96 0.47
1:D:179:ARG:O 1:D:183:GLN:HG3 2.15 0.47
1:E:245:1LE:HD11 1:F:229:PHE:HA 1.96 0.47
1:A:184:ALA:O 1:A:188: THR:HG23 2.15 0.47
1:E:232: THR:HA 1:E:235:GLU:HG3 1.96 0.47
1:C:145:LEU:HD21 | 1:C:150:LEU:HD21 1.96 0.47
1:E:145:LEU:HD21 | 1:E:150:LEU:HD21 1.96 0.47
1:F:118:LEU:O 1:F:182:SER:OG 2.30 0.47
1:G:184:ALA:O 1:G:188: THR:HG23 2.15 0.47
1:B:179:ARG:O 1:B:183:GLN:HG3 2.15 0.47
1:D:245:1LE:HD11 1:E:229:PHE:HA 1.96 0.47
1:F:172:GLU:O 1:F:176:ARG:HG3 2.15 0.47
1:A:179:ARG:O 1:A:183:GLN:HG3 2.15 0.47
1:B:62:TRP:NE1 1:C:194: THR:0G1 2.37 0.47
1:C:227:LYS:HA 1:C:230:ASP:0OD2 2.15 0.47
1:C:77:LEU:HD21 1:C:98:MET:HG3 1.96 0.47
1:D:184:ALA:O 1:D:188: THR:HG23 2.15 0.47
1:D:77:LEU:HD21 1:D:98:MET:HG3 1.96 0.47
1:E:184:ALA:O 1:E:188: THR:HG23 2.15 0.47
1:G:145:LEU:HD21 | 1:G:150:LEU:HD21 1.96 0.47
1:D:172:GLU:O 1:D:176:ARG:HG3 2.15 0.47
1:G:179:ARG:O 1:G:183:GLN:HG3 2.15 0.47
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)
1:G:227:LYS:HA 1:G:230:ASP:0OD2 2.15 0.47
1:A:145:LEU:HD21 | 1:A:150:LEU:HD21 1.96 0.47
1:C:179:ARG:O 1:C:183:GLN:HG3 2.15 0.47
1:F:227:LYS:HA 1:F:230:ASP:0OD2 2.15 0.47
1:G:172:GLU:O 1:G:176:ARG:HG3 2.15 0.47
1:A:183:GLN:NE2 1:G:40: THR:HG22 2.29 0.47
1:B:145:LEU:HD21 | 1:B:150:LEU:HD21 1.96 0.47
1:B:184:ALA:O 1:B:188: THR:HG23 2.15 0.47
1:C:184:ALA:O 1:C:188:THR:HG23 2.14 0.47
1:D:94:VAL:CG1 1:D:215:THR:HG23 2.44 0.47
1:E:227:LYS:HA 1:E:230:ASP:0D2 2.15 0.47
1:B:77:LEU:HD21 1:B:98:MET:HG3 1.96 0.47
1:D:227:LYS:HA 1:D:230:ASP:0D2 2.15 0.47
1:E:172:GLU:O 1:E:176:ARG:HG3 2.15 0.47
1:E:237:ALA:HB1 1:F:221:TYR:HA 1.97 0.47
1:E:234:LYS:HB3 1:E:238:LYS:NZ 2.30 0.47
1:F:234:LYS:HB3 1:F:238:LYS:NZ 2.30 0.47
1:G:234:LYS:HB3 1:G:238:LYS:NZ 2.30 0.47
1:A:234:LYS:HB3 1:A:238:LYS:NZ 2.30 0.47
1:C:245:1LE:HD11 1:D:229:PHE:HA 1.97 0.47
1:E:179:ARG:O 1:E:183:GLN:HG3 2.15 0.47
1:F:179:ARG:O 1:F:183:GLN:HG3 2.15 0.47
1:A:221:TYR:HA 1:G:237:ALA:HB1 1.97 0.47
1:B:227:LYS:HA 1:B:230:ASP:0D2 2.15 0.46
1:C:172:GLU:O 1:C:176:ARG:HG3 2.15 0.46
1:D:237:ALA:HB1 1:E:221:TYR:HA 1.97 0.46
1:A:227:LYS:HA 1:A:230:ASP:0D2 2.15 0.46
1:A:172:GLU:O 1:A:176:ARG:HG3 2.15 0.46
1:A:237:ALA:HB1 1:B:221: TYR:HA 1.97 0.46
1:B:172:GLU:O 1:B:176:ARG:HG3 2.15 0.46
1:B:234:L.YS:HB3 1:B:238:LYS:NZ 2.30 0.46
1:C:234:LYS:HB3 1:C:238:LYS:NZ 2.30 0.46
1:D:234:LYS:HB3 1:D:238:LYS:NZ 2.30 0.46
1:B:189:PHE:O 1:B:193:ILE:HG12 2.16 0.46
1:D:189:PHE:O 1:D:193:ILE:HG12 2.16 0.46
1:F:145:LEU:HD21 | 1:F:150:LEU:HD21 1.96 0.46
1:F:184:ALA:O 1:F:188: THR:HG23 2.15 0.46
1:F:237:ALA:HB1 1:G:221:TYR:HA 1.97 0.46
1:B:237:ALA:HB1 1:C:221:TYR:HA 1.97 0.46
1:C:189:PHE:O 1:C:193:1LE:HG12 2.16 0.46
1:E:189:PHE:O 1:E:193:ILE:HG12 2.16 0.46
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Continued from previous page...

Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:A:94:VAL:CG1 1:A:215:THR:HG23 2.44 0.46
1:A:189:PHE:O 1:A:193:ILE:HG12 2.16 0.46
1:C:57:ILE:O 1:C:60:PRO:HG2 2.16 0.46
1:E:57:ILE:O 1:E:60:PRO:HG2 2.16 0.46
1:F:189:PHE:O 1:F:193:ILE:HG12 2.16 0.46
1:C:62: TRP:NE1 1:D:194:THR:0G1 2.36 0.45
1:D:57:ILE:O 1:D:60:PRO:HG2 2.16 0.45
1:C:237:ALA:HB1 1:D:221:TYR:HA 1.98 0.45
1:F:44:LEU:HD23 1:F:44:LEU:HA 1.83 0.45
1:A:57:ILE:O 1:A:60:PRO:HG2 2.16 0.45
1:G:189:PHE:O 1:G:193:ILE:HG12 2.16 0.45
1:G:57:ILE:O 1:G:60:PRO:HG2 2.16 0.45
1:B:57:ILE:O 1:B:60:PRO:HG2 2.16 0.45
1:E:28:LEU:C 1:E:28:LEU:HD12 2.38 0.45
1:F:57:ILE:O 1:F:60:PRO:HG2 2.16 0.45
1:F¥:37.:PHE:HZ 1:G:183:GLN:OE1 1.97 0.45
1:F:28:LEU:C 1:F:28:LEU:HD12 2.38 0.44
1:C:94:VAL:CG1 1:C:98:MET:CE 2.88 0.44
1:C:211:ALA:O 1:C:215:THR:HG23 2.18 0.44
1:D:211:ALA:O 1:D:215: THR:HG23 2.17 0.44
1:D:28:LEU:C 1:D:28:LEU:HD12 2.38 0.44
1:B:211:ALA:O 1:B:215: THR:HG23 2.18 0.44
1:A:211:ALA:O 1:A:215: THR:HG23 2.18 0.44
1:B:28:LEU:HD12 1:B:28:LEU:C 2.38 0.44
1:B:94:VAL:CGl1 1:B:98:MET:CE 2.88 0.44
1:E:94:VAL:CG1 1:E:215: THR:HG23 2.44 0.44
1:G:188: THR:O 1:G:192:VAL:HG23 2.18 0.44
1:G:44:LEU:HA 1:G:44:LEU:HD23 1.83 0.44
1:B:188:THR:O 1:B:192:VAL:HG23 2.18 0.44
1:E:211:ALA:O 1:E:215: THR:HG23 2.17 0.44
1:C:28:LEU:C 1:C:28:LEU:HD12 2.38 0.44
1:E:188:THR:O 1:E:192: VAL:HG23 2.18 0.44
1:G:211:ALA:O 1:G:215:THR:HG23 2.18 0.44
1:G:28:LEU:C 1:G:28:LEU:HD12 2.38 0.44
1:A:188:THR:O 1:A:192:VAL:HG23 2.18 0.43
1:C:188:THR:O 1:C:192:VAL:HG23 2.18 0.43
1:D:188:THR:O 1:D:192:VAL:HG23 2.18 0.43
1:A:245:1LE:CD1 1:B:228:LEU:HG 2.49 0.43
1:E:44:LEU:HD23 1:E:44:LEU:HA 1.84 0.43
1:A:194:THR:OG1 1:G:62:TRP:NE1 2.37 0.43
1:A:28:LEU:C 1:A:28:LEU:HD12 2.38 0.43
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Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:B:94:VAL:CG1 1:B:215: THR:HG23 2.44 0.43
1:A:245:1LE:HD12 1:B:228:LEU:HG 2.01 0.43
1:A:62:TRP:NE1 1:B:194: THR:OG1 2.37 0.43
1:F:211:ALA:O 1:F:215: THR:HG23 2.18 0.43
1:A:228:LEU:HG 1:G:245:1LE:CD1 2.48 0.43
1:D:245:1LE:CD1 1:E:228:LEU:HG 2.49 0.43
1:B:245:1LE:HD12 1:C:228:LEU:HG 2.01 0.43
1:D:245:1LE:HD12 1:E:228:LEU:HG 2.01 0.43
1:A:228:LEU:HG 1:G:245:ILE:HD12 2.01 0.43
1:F:94:VAL:CG1 1:F:215:THR:HG23 2.44 0.43
1:E:32:GLN:CG 1:F:9:GLN:CB 2.96 0.43
1:C:133:ASP:0OD1 1:C:135:SER:OG 2.31 0.42
1:E:58:VAL:HB 1:E:59:PRO:HD3 2.01 0.42
1:C:58:VAL:HB 1:C:59:PRO:HD3 2.01 0.42
1:E:222:1LE:O 1:E:226:ARG:HG2 2.20 0.42
1:F:245:1LE:CD1 1:G:228:LEU:HG 2.49 0.42
1:B:245:ILE:CD1 1:C:228:LEU:HG 2.49 0.42
1:C:97:TYR:HD2 1:C:215:THR:HG21 1.85 0.42
1:D:97:TYR:HD2 | 1:D:215:THR:HG21 1.85 0.42
1:D:58:VAL:HB 1:D:59:PRO:HD3 2.01 0.42
1:F:188:THR:O 1:F:192: VAL:HG23 2.18 0.42
1:F:62:TRP:NE1 1:G:194:THR:OG1 2.37 0.42
1:G:222:ILE:O 1:G:226:ARG:HG2 2.20 0.42
1:F:32:GLN:CG 1:G:9:GLN:CB 2.97 0.42
1:A:97'TYR:HD2 | 1:A:215:THR:HG21 1.85 0.42
1:B:97:TYR:HD2 | 1:B:215:THR:HG21 1.85 0.42
1:D:62: TRP:NE1 1:E:194:THR:0G1 2.37 0.42
1:A:9:GLN:CB 1:G:32:GLN:CG 2.97 0.42
1:B:222:ILE:O 1:B:226:ARG:HG2 2.20 0.42
1:B:58:VAL:HB 1:B:59:PRO:HD3 2.01 0.42
1:C:245:1LE:CD1 1:D:228:LEU:HG 2.49 0.42
1:E:97:TYR:HD2 1:E:215:-THR:HG21 1.85 0.42
1:F:245:1LE:HD12 1:G:228:LEU:HG 2.01 0.42
1:C:222:ILE:O 1:C:226:ARG:HG2 2.20 0.42
1:C:245:ILE:HD12 1:D:228:LEU:HG 2.02 0.42
1:F:94:VAL:HG13 | 1:F:215:THR:HG23 2.02 0.42
1:A:228. LEU:HD21 1:G:242:LYS:HA 2.02 0.42
1:C:94:VAL:CG1 1:C:215:THR:HG23 2.44 0.42
1:F:129:SER:OG 1:F:154:GLN:O 2.38 0.42
1:F:242:LYS:HA 1:G:228:LEU:HD21 2.02 0.42
1:G:97:TYR:HD2 | 1:G:215:THR:HG21 1.85 0.42
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Continued from previous page...

Interatomic Clash
Atom-1 Atom-2 distance (A) overlap (A)

1:D:208:THR:0OG1 1:D:208:THR:O 2.35 0.42
1:A:242:LYS:HA 1:B:228:LEU:HD21 2.02 0.41
1:F:58:VAL:HB 1:F:59:PRO:HD3 2.01 0.41
1:A:222:ILE:O 1:A:226:ARG:HG2 2.20 0.41
1:B:242:LYS:HA 1:C:228:LEU:HD21 2.03 0.41
1:E:245:1LE:HD12 1:F:228. LEU:HG 2.02 0.41
1:E:242:LYS:HA 1:F:228:LEU:HD21 2.02 0.41
1:A:183:GLN:OE1 1:G:37:PHE:HZ 1.97 0.41
1:C:129:SER:0OG 1:C:154:GLN:O 2.38 0.41
1:D:129:SER:0G 1:D:154:GLN:O 2.38 0.41
1:D:94:VAL:HG13 | 1:D:215:THR:HG23 2.02 0.41
1:F:222:ILE:O 1:F:226:ARG:HG2 2.20 0.41
1:E:245:1LE:CD1 1:F:228. LEU:HG 2.50 0.41
1:G:208: THR:0G1 1:G:208:THR:O 2.35 0.41
1:A:129:SER:OG 1:A:154:GLN:O 2.38 0.41
1:A:94:VAL:HG13 | 1:A:215:THR:HG23 2.02 0.41
1:D:222:1LE:O 1:D:226:ARG:HG2 2.20 0.41
1:E:129:SER:OG 1:E:154:GLN:O 2.38 0.41
1:D:242:LYS:HA 1:E:228: LEU:HD21 2.02 0.41
1:A:58:VAL:HB 1:A:59:PRO:HD3 2.01 0.41
1:G:58:VAL:HB 1:G:59:PRO:HD3 2.01 0.41
1:D:94:VAL:CG1 1:D:98:MET:CE 2.88 0.41
1:D:32:GLN:CG 1:E:9:GLN:CB 2.97 0.41
1:D:44:LEU:HA 1:D:44:LEU:HD23 1.83 0.41
1:G:129:SER:0OG 1:G:154:GLN:O 2.38 0.41
1:B:129:SER:OG 1:B:154:GLN:O 2.38 0.41
1:A:32:GLN:CG 1:B:9:GLN:CB 2.97 0.41
1:A:44:LEU:HD23 1:A:44:LEU:HA 1.83 0.40
1:A:94:VAL:CG1 1:A:98:MET:CE 2.88 0.40
1:F:97.'TYR:HD2 1:F:215:THR:HG21 1.85 0.40
1:G:94:VAL:CG1 1:G:215: THR:HG23 2.44 0.40
1:C:32:GLN:CG 1:D:9:GLN:CB 2.97 0.40

There are no symmetry-related clashes.

5.3 Torsion angles (i)

5.3.1 Protein backbone (3)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all PDB entries followed by that with respect to all EM
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entries.

The Analysed column shows the number of residues for which the backbone conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A | 225/358 (63%) | 219 (97%) | 6 (3%) 0 (100 ] [100]
1 B 225/358 (63%) | 219 (97%) | 6 (3%) 0 |
1 C 225/358 (63%) | 219 (97%) | 6 (3%) 0 |
1 D | 225/358 (63%) | 219 (97%) | 6 (3%) 0 100 [100]
1 E | 225/358 (63%) | 219 (97%) | 6 (3%) 0 [100] [ 100}
1 F 225/358 (63%) | 219 (97%) | 6 (3%) 0 |
1 G | 225/358 (63%) | 219 (97%) | 6 (3%) 0 100 [100]

All | Al | 1575/2506 (63%) | 1533 (97%) | 42.(3%) 0

There are no Ramachandran outliers to report.

5.3.2 Protein sidechains (1)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all PDB entries followed by that with respect to all EM
entries.

The Analysed column shows the number of residues for which the sidechain conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 193/318 (61%) 190 (98%) 3 (2%)
1 B 193/318 (61%) 190 (98%) 3 (2%)
1 C 193/318 (61%) 190 (98%) 3 (2%)
1 D 193/318 (61%) 190 (98%) 3 (2%)
1 E 193/318 (61%) 190 (98%) 3 (2%)
1 F 193/318 (61%) 190 (98%) 3 (2%)
1 G 193/318 (61%) 190 (98%) 3 (2%)
All All 1351/2226 (61%) | 1330 (98%) | 21 (2%)

All (21) residues with a non-rotameric sidechain are listed below:
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Mol | Chain | Res | Type
1 A 68 TYR
1 A 105 ARG
1 A 217 TYR
1 B 68 TYR
1 B 105 ARG
1 B 217 TYR
1 C 68 TYR
1 C 105 ARG
1 C 217 TYR
1 D 68 TYR
1 D 105 ARG
1 D 217 TYR
1 E 68 TYR
1 E 105 ARG
1 E 217 TYR
1 F 68 TYR
1 F 105 ARG
1 F 217 TYR
1 G 68 TYR
1 G 105 ARG
1 G 217 TYR

Sometimes sidechains can be flipped to improve hydrogen bonding and reduce clashes. All (21)

such sidechains are listed below:

Mol | Chain | Res | ' Type
1 A 71 ASN
1 A 154 GLN
1 A 220 HIS
1 B 71 ASN
1 B 154 GLN
1 B 220 HIS
1 C 71 ASN
1 C 154 GLN
1 C 220 HIS
1 D 71 ASN
1 D 154 GLN
1 D 220 HIS
1 E 71 ASN
1 E 154 GLN
1 E 220 HIS
1 F 71 ASN
1 F 154 GLN
1 F 220 HIS

Continued on next page...
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Continued from previous page...
Mol | Chain | Res | Type
1 G 71 ASN

1 G 154 GLN

1 G 220 HIS

5.3.3 RNA (D

There are no RNA molecules in this entry.

5.4 Non-standard residues in protein, DNA; RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5 Carbohydrates (i)

There are no monosaccharides in this entry.

5.6 Ligand geometry (i)

7 ligands are modelled in this entry.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the Chemical Component Dictionary. The
Link column lists molecule types, if any, to which the group is linked. The Z score for a bond
length (or angle) is the number of standard deviations the observed value is removed from the
expected value. A bond length (or angle) with |Z| > 2 is considered an outlier worth inspection.
RMSZ is the root-mean-square of all Z scores of the bond lengths (or angles).

Mol | Type | Chain | Res | Link CountsBOI}({il\/[lglzlgﬂazZ | > 2 CountsBOIflicli/[ZSnZIgl(:;Z | > 2
2 NAG F 1001 1 14,1415 | 0.25 0 17,19,21 | 0.61 1 (5%)
2 NAG E 1001 1 14,14,15 | 0.25 0 17,19,21 | 0.61 1 (5%)
2 NAG G 1001 1 14,14,15 | 0.24 0 17,19,21 | 0.61 1 (5%)
2 NAG A 1001 1 14,1415 | 0.25 0 17,19,21 | 0.61 1 (5%)
2 NAG C 1001 1 14,14,15 | 0.26 0 17,19,21 | 0.61 1 (5%)
2 NAG B 1001 1 14,14,15 | 0.24 0 17,19,21 | 0.61 1 (5%)
2 NAG D 1001 1 14,14,15 | 0.25 0 17,19,21 | 0.61 1 (5%)
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centers analysed, the number of these observed in the model and the number defined in the
Chemical Component Dictionary. Similar counts are reported in the Torsion and Rings columns.
’-> means no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions Rings
2 NAG F 1001 1 - 2/6/23/26 |0/1/1/1
2 NAG E 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG G 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG A 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG C 1001 1 - 2/6/23/26 | 0/1/1/1
2 NAG B 1001 1 - 2/6/23/26 .0/1/1/1
2 NAG D 1001 1 - 2/6/23/26 | 0/1/1/1
There are no bond length outliers.
All (7) bond angle outliers are listed below:
Mol | Chain | Res | Type | Atoms Z | Observed(°) | Ideal(°)
2 G 1001 | NAG | C1-05-C5 | 2.06 114.99 112.19
2 B 1001 | NAG | C1-05-C5 | 2.05 114.97 112.19
2 C 1001 | NAG | C1-O5-C5 | 2.04 114.95 112.19
2 A 1001 | NAG | C1-O5-C5 | 2.04 114.95 112.19
2 F 1001 | NAG | C1-05-C5 | 2.03 114.95 112.19
2 E 1001 | NAG | C1-05-C5 | 2.03 114.94 112.19
2 D 1001 | NAG | C1-05-C5 | 2.03 114.94 112.19
There are no chirality outliers.
All (14) torsion outliers are listed below:
Mol | Chain | Res | Type Atoms
2 F 1001 { NAG | O5-C5-C6-06
2 E 1001 | NAG | O5-C5-C6-06
2 G 1001 | NAG | O5-C5-C6-06
2 A 1001 | NAG | O5-C5-C6-06
2 C 1001 | NAG | O5-C5-C6-06
2 B 1001 | NAG | O5-C5-C6-06
2 D 1001 | NAG | O5-C5-C6-06
2 F 1001 | NAG | C4-C5-C6-06
2 E 1001 | NAG | C4-C5-C6-06
2 G 1001 | NAG | C4-C5-C6-06
2 A 1001 | NAG | C4-C5-C6-06
2 C 1001 | NAG | C4-C5-C6-06
2 B 1001 | NAG | C4-C5-C6-06

Continued on next page...
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Continued from previous page...

Mol | Chain | Res | Type Atoms

2 D 1001 | NAG | C4-C5-C6-06

There are no ring outliers.

No monomer is involved in short contacts.

5.7 Other polymers (i)

There are no such residues in this entry.

5.8 Polymer linkage issues (i)

There are no chain breaks in this entry.
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6 Map visualisation (i)

This section contains visualisations of the EMDB entry EMD-30832. These allow visual inspection
of the internal detail of the map and identification of artifacts.

No raw map or half-maps were deposited for this entry and therefore no images, graphs, etc.
pertaining to the raw map can be shown.

6.1 Orthogonal projections (i)

6.1.1 Primary map

The images above show the map projected in three orthogonal directions.

6.2 Central slices (i)

6.2.1 Primary map

X Index: 130 Y Index: 130 7Z Index: 130


https://doi.org/10.1101/2021.01.14.426634
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.14.426634; this version posted September 2, 2021. 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.

Page 29 Full wwPDB EM Validation Report EMD-30832, 7TDSE

The images above show central slices of the map in three orthogonal directions.

6.3 Largest variance slices (i)

6.3.1 Primary map

X Index: 156 Y Index: 109 7 Index: 125

The images above show the largest variance slices of the map in three orthogonal directions.

6.4 Orthogonal surface views (i)

6.4.1 Primary map

The images above show the 3D surface view of the map at the recommended contour level 0.209.
These images, in conjunction with the slice images, may facilitate assessment of whether an ap-
propriate contour level has been provided.
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6.5 Mask visualisation (i)

This section was not generated. No masks/segmentation were deposited.
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7 Map analysis (i)

This section contains the results of statistical analysis of the map.

7.1 Map-value distribution (i)

Map-value distribution
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The map-value distribution is plotted in 128 intervals along the x-axis. The y-axis is logarithmic.
A spike in this graph at zero usually indicates that the volume has been masked.
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7.2 Volume estimate (i)

Volume estimate
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Contour level

The volume at the recommended contour level is 211 nm?; this corresponds to an approximate
mass of 191 kDa.

The volume estimate graph shows how the enclosed volume varies with the contour level. The
recommended contour level is shown as a vertical line and the intersection between the line and
the curve gives the volume of the enclosed surface at the given level.
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7.3 Rotationally averaged power spectrum (i)

Intensity (log10)

Rotationally averaged power spectrum

—— Primary map RAPS
Reported resolution
3.20 A+

0.0 0.1 0.2 0.3 0.4 0.5
Spatial frequency (A1)

*Reported resolution corresponds to spatial frequency of 0.312 At
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8 Fourier-Shell correlation (i)

This section was not generated. No FSC curve or half-maps provided.
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9 Map-model fit (i)

This section contains information regarding the fit between EMDB map EMD-30832 and PDB
model 7TDSE. Per-residue inclusion information can be found in section 3 on page 7.

9.1 Map-model overlay (i)

The images above show the 3D surface view of the map at the recommended contour level 0.209
at 50% transparency in yellow overlaid with a ribbon representation of the model coloured in blue.
These images allow for the visual assessment of the quality of fit between the atomic model and
the map.
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9.2 Atom inclusion (i)

Atom inclusion
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At the recommended contour level, 96% of all backbone atoms, 80% of all non-hydrogen atoms,
are inside the map.
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