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hERG1a PAS-N-linker directly interacts with hERG1b N-terminal domain

Two isoforms of the hERG (human Ether-á-go-go-Related Gene) potassium channel, hERG1a and
hERG1b, associate in the heart to form the rapid delayed rectifier current (IKr), which is primarily
responsible for repolarizing cardiac action potentials. Inherited mutations in both hERG1a and
hERG1b cause Long QT Syndrome type 2 (LQT2), marked by prolonged cardiac repolarization and
sudden death arrhythmia. The assembly of hERG1a subunits with hERG1b subunits increases the
number of hERG1b subunits at the plasma membrane, but the mechanism by which hERG1a
enhances hERG1b is not completely understood. Recently, it was reported that when expressed in
trans, the hERG1a N-terminal region markedly increased hERG1b currents and increased biotinlabelled hERG1b protein at the plasma membrane surface. A direct structural interaction between
the hERG1a N-terminal residues 216-220 and the hERG1b N-terminal region was characterized and
proposed to be necessary for the upregulation of hERG1b (Johnson et al., JBC 2022). However,
hERG1b channels with a deletion of the unique N-terminal 1b domain did not have a measurable
increase in current density or in biotinylated protein when co-expressed with hERG1a N-terminal
region pieces. This indicates that the 1b domain is required for the increase in hERG1b by hERG1a.
Interestingly, the 1b domain-deleted hERG1b channels displayed a large leftward shift in the
voltage dependence of activation when co-expressed with the full hERG1a N-terminal region. This
is unexpected, as the 1b domain was not previously considered as a determinant of hERG gating.
Here, we will investigate the mechanism of this large leftward shift and determine the role of the
1b domain in the gating properties of hERG1a/hERG1b heterotetrameric channels.

Deletion of 1b domain alters hERG channel activation gating
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Figure 3. Fluorescence intensity (A.U) vs. wavelength (nm) for A) the hERG1a PAS domain-N-linker region-mCFP and hERG1b
N-terminal domain-Citrine and B) the hERG1 terminal region-mCFP and hERG1b N-terminal domain-Citrine. Traces are
emission spectrum for CFP control (cyan), Citrine (green), donor (CFP) and acceptor (Citrine; blue trace) and extracted
spectrum (red, see Methods). C) Plot of RatioA - RatioA0 (a value proportional to FRET) for each pair of hERG proteins, as
indicated. D) Plot of peak CFP fluorescence intensity (Fc) divided by peak Citrine fluorescence intensity (Fy), as a control for
similar amounts of input. Error bars are mean ± SEM. E) GST or GST–hERG1b N-terminal domains were incubated with
hERG1a PAS domain-N-linker regions as indicated (+). Upper Panel) Coomassie blue (CB)-stained gel of GST and GST-hERG1b
N-terminal domain (GST-hERG1b N1-56) inputs. Lower Panel) Western blot following GST (lane 1) or GST-hERG1b N-terminal
domain (lane 2) incubation with the hERG1a PAS domain-N-linker region (hERG1a N1-354). The band at 37kD in lane 2
corresponds to the hERG1a PAS-N-linker and indicates a specific interaction. hERG1a PAS-N-linker fusion proteins were
detected with an anti-Flag antibody.
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Figure 5. A) Conductance-voltage (G-V) plot of hERG1b co-expressed in trans with hERG1a N-linker pieces. B) G-V plot of
hERG1b∆2-36 co-expressed in trans with hERG1a N-linker pieces. C) Plot of voltage of half-maximum activation (V1/2) for
hERG1b, expressed with and without various hERG1a N-linker pieces. D) V1/2 plot for hERG1b ∆2-36, expressed with and
without hERG1a N-linker pieces. E) Plot of tau of deactivation at +40 mV for hERG1b and hERG1a N-linker pieces. F) Taus of
deactivation at +40 mV of hERG1b∆2-36 and hERG1a N-linker pieces.

hERG1aN1-150 does not appear to have effect on gating or current density
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Figure 1. The voltage-gated potassium channel hERG (KCNH2, Kv11.1) plays a critical role in cardiac repolarization and is
characterized by unusually slow deactivation kinetics. (Top and Bottom) Schematic of hERG1a and hERG1b subunits and
exemplar currents. The N-terminus of hERG1a is comprised of 396 amino acids while the hERG1b N-terminus is made up of
56 amino acids, the first 36 of which are unique and referred to as the 1b domain. hERG1b lacks the N-terminal PAS domain
(composed of the PAS-Cap and PAS domain) and the N-linker region found in hERG1a. (Middle) Cryo-EM open structure of a
hERG tetramer and subunit.
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Figure 6. A) Conductance-voltage (G-V) plot. B) Current-voltage (I-V) plot.

Conclusions and Future Directions
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Figure 4. A) Amino acid sequence of hERG1a residues 200-228 with each line denoting a group of 5 sequential residues that
were mutated to alanine. B) Exemplar two-electrode voltage-clamp recordings of hERG1b and hERG1b co-expressed in
trans with each hERG1a PAS domain-N-linker containing the alanine mutants as labeled and as depicted in panel A. C) Plot
of time constant of deactivation at -60 mV. D) Conductance-voltage (G-V) plot. E) Current-voltage (I-V) plot. F) Histogram of
peak current amplitude at depolarizing voltage from data in A. G-K) Western blot of surface biotinylated hERG1b coexpressed in trans with control vector (lane 1), hERG1a N1-228 (lane 2) or a hERG1a N1-228 bearing 5 alanine mutants as
labelled (lane 3) and as depicted in panel G of Fig. 6 and blotted with anti-hERG KA. Na+/K+ ATPase was the loading control.
Anti-GFP antibody was used to detect hERG1a N1-228 and each N1-228 alanine mutant as an input control. Plot of
densitometry (A.U.) of data from Western blots. N = 3 for each. Error bars are mean ± SEM.

Figure 7. A) We propose that the hERG1a PAS domain interacts with the CNBHD of hERG1b and that the hERG1a N-linker
interacts with the hERG1b 1b domain and increases (large arrow) hERG1b channels at the plasma membrane, relative to
wildtype hERG1b channels (small arrow). B) We will continue to test hERG1b with and without the 1b domain in trans with
hERG1a N-linker pieces (1-150, 1-170, 1-185) to determine the region of the hERG1a N-linker that regulates
heterotetrameric hERG1a/hERG1b channel gating.
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Figure 2. A) Two-electrode voltage-clamp recordings of hERG1b (closed circles), hERG1b expressed in trans with the hERG1a
PAS-N-linker (open circles), hERG1b Δ2-36 (closed diamonds) and hERG1b Δ2-36 expressed in trans with the hERG1a PAS-Nlinker (open diamonds). Voltage pulse protocol as indicated. Scale bar is 1 mA and 1 s. B) Time constant of deactivation
measured at -60 mV. C) Conductance-voltage (G-V) relationship. The solid line is a Boltzmann fit to the data. D) Current
voltage (I-V) relationship. E) Peak current measured at a depolarizing voltage command from data in A. F) Western blot of
surface biotinylated hERG1b or hERG1b Δ2-36 expressed individually (lanes 1,3) or in trans with the hERG1a PAS-N-linker
(lanes 2,4) blotted with the anti-hERG KA antibody. Na/K-ATPase served as a loading control. Anti-GFP antibody detects
hERG1a PAS domain-N-linker regions fused to mCFP as an input control. G) Plot of densitometry of data from F. N ≥ 3 for
each. Error bars are mean ± SEM.

What role does the N-terminal hERG1b “1b
domain” play in the gating of heteromeric
hERG1a/hERG1b ion channels?
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