b

bundle crossmg Sthk

HCN1
HCN2
CNGA1l
CNGA2

SthK
HCN1
HCN2
CNGA1l
CNGA2

SthK
HCN1
HCN2
weg CNGAL
aa

;C-helixvm

3:1 DOPC:POPA
DOPC:POPE
Ci2

EC., ~ 30 uM

kDa

SYRINPALLR
TYDLASAVVR
TYDLASAVMR
TRTNYPNIFR
TRTNYPNIFR

LVSKLDAAKL
LIQSLDSSRR
LIQSLDSSRR
MISNMNAARA
MISNMNATRA

LLSLVGFILL
IFNLIGMMLL
ICNLISMMLL
ISNLVMYIVI
ISNLVLYILV

LHRERVERVT
QYQEKYKQVE
QYQEKYKQVE
EFQARIDAIK
EFQAKIDAVK

siphon

IHGDVIEKVP
NCRKLVATMP
NCRKLVASMP
VHLDTLKKVR
VHLSTLKKVR

LFKGAGEEFI
LFANADPNFV
LFANADPNFV
IFADCEAGLL
IFHDCEAGLL

salt-bridge at the bundle crossing

146
307
376
309
284

240
415
484
418
393

310
484
553
488
463

OO CNGA2
aaq

250
50-

EC,,>180uM &

o
©

- SthK
MSP1E3 | symmetry expansion and
classification without image alignment

o
o)

Normalized rate

---~30 % trans

©
w

published SthK

0 — T T

0 0306093 6 9 1
Delay time (s)

20

10

>

/\\

90°

C-helix \P\
b‘f

Supplementary Figure: a) overlay of SthK (PDB: 6CJQ °) and human HCN1 (PDB: 5U60 ° empha3|s on the
bundle crossing and the siphon. b) sequence alignment of the bundle crossing and prollne in the siphon. c)
activation kinetics of SthK from a stopped-flow flux assay, fast activation is a measure for molecules with trans
Pro300, slow activation for cis Pro300. d) activation constant ECso for SthK. trans Pro300 leads to high affinity, cis
Pro300 to low affinity for cAMP. e) gel filtration and SDS-PAGE of SthK in nanodiscs. f) representative micrograph
of SthK in 3:1 DOPC:POPA nanodiscs (0.1 lowpass filter applied in crYOLO °©). g) representative 2D classes
generated in Relion 3.1 7 from particles as shown in (f). h) 2.9 A reconstruction of apo SthK in 3:1 DOPC:POPA
nanodiscs from particles as in (g). i) structural heterogeneity in the siphon and the C-helix region after symmetry
expansion of particles shown in (h) followed by classification without image alignment, published density of SthK
shown as reference (grey, EMDB-7482 3).
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