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Expression and purification 
 
The gene fragment encoding the full-length Slo1 from Aplysia californica was expressed as a 
fusion construct with a C-terminal GFP/rho-1D4 tag cleavable by precision protease in Sf9 cells 
(Hite et al., 2017;Tao et al., 2017). The baculovirus was generated in Sf9 cells following the 
standard Bac-to-Bac system protocol. In brief, sub-confluent Sf9 cells were transfected with 
recombinant Slo1 bacmid DNA using Cellfectin II transfection reagent. After a four-day 
incubation period, the supernatant from the cell culture was collected, yielding the P1 recombinant 
baculovirus. Subsequent rounds of infection with P1 virus in Sf9 cells allowed for the generation 
of P2 and P3 virus stocks, amplifying the viral load for subsequent protein expression. Sf9 cells 
were cultured in SFM III Expression Medium for large-scale protein expression. At a cell density 
of 2x106 cells per ml, infection was performed with recombinant baculovirus and incubated at 27 
°C with agitation. Following a 48-hour incubation period post-infection, the cells were harvested 
by centrifugation. All subsequent purification steps were meticulously carried out at a low 
temperature of 4°C to maintain protein stability and integrity. 
The cell pellet was re-suspended and lysed by osmotic shock in a hypotonic buffer consisting of 
10mM Tris-HCl pH 8.0, 3mM dithiothreitol (DTT), 1mM EDTA, and protease inhibitors 
pepstatinA (0.1µg/ml), aprotinin (1µg/ml), leupeptin (1µg/ml), soy trypsin inhibitor (0.1µg/ml), 
phenylmethylsulphonyl fluoride (0.2mM), benzamidine (1mM) and 4-(2-aminoethyl) 
benzenesulfonyl fluoride hydrochloride (0.1mg/ml). After lysis, cell membranes were collected by 
centrifugation at 30000g for 30 min. The pellet was homogenized in a buffer containing 20 mM 
Tris-HCl pH 8.0, 320mM KCl, 15mM BaCl2, 5mM EGTA, and all protease inhibitors added 
previously. n-Dodecyl-β-D Maltopyranoside (DDM) and Cholesterol Hemi Succinate (CHS) were 
added to the cell membrane suspension to achieve a 1% and 0.2% (w/v), respectively. Then, the 
suspension was stirred gently for 1 hr, followed by ultracentrifugation at 45000g for 30 min. 
Clarified supernatant was added to a GFP nanobody-conjugated affinity resin pre-equilibrated with 
buffer composed of 20mM Tris-HCl pH 8.0, 320mM KCl, 15mM BaCl2, 5mM EGTA, pepstatinA 
(0.1µg/ml), aprotinin (1µg/ml) and soy trypsin inhibitor (0.1µg/ml). The suspension was mixed by 
inversion for 2 hrs. The resin was collected by a 5 min. slow speed (100g) centrifugation, 
transferred into a gravity column, and washed 2 times with 10X column volume with washing 
buffer (WB) containing 20mM Tris-HCl pH 8.0, 320mM KCl, 15mM BaCl2, 5mM EGTA, 
pepstatinA (0.1µg/ml), aprotinin (1µg/ml), soy trypsin inhibitor (0.1µg/ml) and 
0.2%DDM/0.04%CHS. On the column, cleavage of the protein was achieved by incubating the 
resin with WB buffer supplemented with 3C protease to an approximate molar ratio of 20:1, 
followed by overnight incubation at 4°C under slow rocking motion. Cleaved protein was 
collected, concentrated, and ran through a Superose 6 column equilibrated in SEC buffer (20 mM 
Tris-HCl pH 8.0, 320mM KCl, 15mM BaCl2, 5mM EGTA, 20mM DTT, 2mM TCEP, 0.025% 
DDM, pepstatin A (0.1µg/ml) and aprotinin (1µg/ml). The fractions containing tetrameric Aplysia 
Slo1 channels were concentrated to approximately 7-10 mg/ml using an Amicon Ultra centrifugal 



filter (100-kDa MW cutoff). Within the same day of purification, samples were further used for 
incorporation into lipid nanodiscs. 
 
 
Reconstitution of Channel in nanodiscs 
 
Membrane scaffold protein MSP1E3D1 was expressed and purified from Escherichia coli as 
previously described (Inagaki et al., 2013), and Aplysia Slo1 tetramers were incorporated into lipid 
nanodiscs following the published protocol (Ritchie et al., 2009). Lipid stock was obtained from 
Avanti Polar Lipids. Initially, Lipids were evaporated to remove their chloroform solvent. Dry 
lipid films were resuspended in water and detergent (DDM) to a final DDM concentration of 
25mM. The lipid/detergent mixture was sonicated until the solution became nearly transparent and 
aliquots were frozen at −80°C. 
Slo1, MSP1E3D1, and lipid were mixed at a molar ratio of 1:2:85, respectively, and incubated on 
ice for 30 min. Detergent was removed by adding Bio-Beads SM2 to 20mg/ml, followed by gentle 
agitation for 3 hours. The Bio-Beads were then removed by passage through a PolyPrep column, 
and the flow-through was centrifuged (10,000g) before size-exclusion chromatography. 
Ultracentrifuged samples were purified by size-exclusion chromatography on a Superose 6 
Increase 10/300 GL column, equilibrated with nanodisc SEC buffer (20 mM Tris-HCl pH 8.0, 
320mM KCl, 15mM BaCl2, 5mM EGTA, 20mM DTT, 2mM TCEP, pepstatin A (0.1µg/ml) and 
aprotinin (1µg/ml). Fractions containing the nanodisc/channel complexes were collected and 
concentrated using a centrifugal filter unit (100 kDa molecular weight cutoff). The samples were 
transferred on ice to the Cryo-EM Facility, Center for Molecular Microscopy (CMM), Center for 
Cancer Research (CCR), National Cancer Institute (NCI), Leidos Biomedical Research, Inc., 
where Cryo-EM grids were prepared within 3 hrs from the last step of purification. 

 
Low-Barium structure 
 

Here, the sample was treated similar as previously described in the last two sections, except the 
sample was exposed to 40 mM free BaCl2 in all steps but the last, in which the Superose 6 column 
was equilibrated in nanodisc SEC buffer without BaCl2. Using a divalent sensing electrode 
(Calcium electrode 9720BNWP ThermoFisher), we estimated that the fractions containing 
nanodisc/channel complexes has ~1.4 mM free Ba2+. Assuming a similar dilution factor, the EGTA 
concentration should be ~0.17 mM. To confirm electrophysiologically, we diluted the solution 
from the SEC fractions containing nanodisc/channel complexes 100X with a solution containing 
20mM Tris-HCl pH 8.0, 320mM KCl and 0.17mM EGTA. Further, to facilitate gigaseal formation, 
the solution in the pipette contained 20mM Tris-HCl pH 8.0, 320mM KCl, 1mM CaCl2 and 1mM 
MgCl2. With these conditions, the 100X dilution was able to activate Aplysia BK channels 
followed by blockade, like the results shown in Fig. 1 with 10 μM Ba2+. This study shed new light 
on the paradoxical role of Ba2+. The two structures here reported show that the binding of the Ba2+ 
to the selectivity filter is more concentration dependent compared to the RCK1/RCK2 binding sites. 
A quantitative assessment of the ion occupancy in the CryoEM Low-Ba2+ structure is challenging 
due to the limitations of current CryoEM technologies to elucidating the identity of single-density 
peaks. Therefore, attributing the identity of the density peak at the selectivity filter in the Low-Ba2+ 



structure is not warranted. 
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CryoEM - Methods 

Samples were diluted to optimal concentrations ranging from 2 mg/ml to 8 mg/ml in SEC or ND 

buffer. Three microliters of each sample were applied to a Quantifoil R 1.2/1.3 Cu 200 mesh grid 

that had been glow discharged for 5 seconds using a PELCO easiGlow system (Ted Pella, Inc.) at 

15 mA and 0.3 mBar. Grids were then plunged into liquid ethane with a Vitrobot Mk IV (Thermo 

Fisher Scientific) operated at 4°C and 100% humidity, with a blot time of 2 seconds and a wait 

time of 5 seconds. Grids were stored in liquid nitrogen until imaging. Cryo-EM data were 

collected on a Titan Krios electron microscope (Thermo Fisher Scientific) operated at 300 kV 

and equipped with a K2 Summit direct electron detector (Gatan). Micrographs were acquired in 

counted mode using SerialEM (Mastronarde, 2005) v3.8 with a 3'3 multi-shot setup and a 

nominal magnification of 29,000', resulting in a pixel size of 0.858 Å. A total dose of 50 e-/Å2 

was fractionated over 40 frames. Data quality was monitored during collection using cryoSPARC 

(Punjani et al., 2017) Live v3.2 preprocessing. 

Motion correction, dose-fractionated weighting, and binning of collected movie data were 

carried out by MotionCor2 (Zheng et al., 2017) v1.4. The parameters of CTF were estimated by 

CTFFIND4 (Rohou and Grigorieff, 2015) v4.1. EMD-8410 was used as the template for 

template-matching particle-picking in RELION v3.1 (Scheres, 2012). This set of particles was 

classified in 2D iteratively to produce a set of 2D templates for another round of automated 

particle-picking. To clean up the data, extracted particles were classified in 2D for as many 

rounds as necessary in cryoSPARC v3.2. Ab initio volumes were determined in cryoSPARC with 

5 classes, followed by heterogeneous refinement. High-quality particles were pooled. High- 

resolution 3D volume refinement was carried out in RELION, followed by postprocessing, CTF 

and aberration refinement, and Bayesian polishing. These "shiny" particles were transferred to 

cryoSPARC again for ab initio volume determination, homogeneous refinement, and non- 

uniform homogeneous refinement (Punjani et al., 2020). C4 symmetry was imposed during later 

refinements. Local resolution was determined by cryoSPARC. 

Maps output by cryoSPARC were sharpened by PHENIX.auto_sharpen (PHENIX 

(Adams et al., 2010) v1.19). Aplysia Slo1 structure (PDBID:5tj6) was docked into maps using 

ChimeraX (Pettersen et al., 2021) v1.2, then refined by molecular dynamics using the ISOLDE 



(Croll, 2018) v1.2 plugin. Cycles of manual model building in COOT (Emsley and Cowtan, 

2004) v0.9, followed by real-space refinement in PHENIX.real_space_refine, were repeated 

several rounds until no noticeable improvement could be observed. The whole tetramer of Slo1, 

generated by a 4-fold symmetry, is used for real-space refinement, but three of the four subunits 

are the exact symmetric copies of the sole independent subunit. Metal ions inside the selective 

filter are located precisely on the 4-fold symmetry axis. MolProbity (Davis et al., 2007) v4.5 was 

used for model validation. Figures were prepared by ChimeraX. FSC and angular distribution 

plots were directly output by cryoSPARC. Local resolution figures were generated by ChimeraX. 
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