Modulation of thalamocortical oscillations by TRIP8b, an auxiliary subunit for HCN channels
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Supplemental Figures

Supplemental Fig. 1

TRIP8b does not change hcn channels gene expression pattern but regulates HCN protein expression in
the thalamocortical system. The mRNA levels of hcn 1 - 4 was quantified using g°PCR on samples collected
from the cortex and thalamus of WT and TRIP8b”" mice. a Bar graphs comparing the expression level of hcnl-4
genes. Data are presented as fold changes in mMRNA expression level (2% of hen 1-4 in TRIP8b™ mice (n=4,
P 25) compared to the WT (n=5, P 25). No difference in gene expression was detected for any of the four hcn
genes in the somatosensory cortex (SSC), the posterior thalamic nucleus (PO), the ventral-basal complex (VB),
the dorsal-lateral geniculate nucleus. For clarity the standard errors are deleted. b Immunohistochemical staining
of HCN 1-2 channel subunits in layer V and VI ., of the SSC of WT and TRIP8b” mice. Brain coronal sections
(40 pm) from WT and TRIP8b™ mice were stained with antibodies against HCN1 (rb-anti-HCN1, 1 : 200,
depicted in red ), HCN2 (rb-anti-HCN2, 1 : 200, depicted in red) and TRIP8b (ms-anti-TRIP8b; 1:50, depicted
in green). In contrast to pyramidal neurons of layer V, a less dendritic expression of TRIP8b was detected in
pyramidal neurons of layer VI ., in WT mice. Here, TRIP8b was mainly expressed in somata and strongly
overlapped with HCN1 and HCN2 subunits. Knockout of TRIP8b reduced the protein expression of the HCN1

and HCN2 subunits in layer V1 .. Scale bars indicate 100 um. CC shows corpus callosum.

Supplemental Fig. 2

Downregulation of HCN2 and HCN4 subunits in dLGN of TRIP8b” mice. Brain coronal sections (40 pm)
from WT and TRIP8b™ mice were stained with antibodies against HCN2, HCN4 (rb-anti-HCN2, 1 : 200 and rb-
anti-HCN4, 1 : 200, depicted in red) and TRIP8b (ms-anti-TRIP8b; 1:50, depicted in green). Compared to the
HCN4 subunit which has a dendritic expression pattern, HCN2 is mostly expressed in the somata of thalamic
relay neurons. Note the lower expression of HCN2 and HCN4 subunits in TRIP8b™ dorsal-lateral geniculate
nucleus of the thalamus (dLGN). “hip” indicates the location of hippocampus in the slices. Scale bars indicate

50 pm.

Supplemental Fig. 3
Downregulation of HCN2 and HCN4 subunits in PO nucleus of TRIP8b™ mice. Brain coronal sections (40
pm) from WT and TRIP8b” mice were stained with antibodies against HCN2 and HCN4 (rb-anti-HCN2, 1 :

200 and rb-anti-HCN4, 1 : 200, depicted in red) and TRIP8b (ms-anti-TRIP8b, 1 : 50, depicted in green). As



illustrated, TRIP8b”" mice show a significant down regulation in HCN2 and HCN4 expression. Arrows indicate
the location of the posterior thalamic nucleus (PO) in the slices. VB represents ventral-basal complex of the

thalamus. Scale bars indicate 50 pm.

Supplemental Fig. 4

Downregulation of HCN2 and HCN4 subunits in CM nucleus of TRIP8b™ mice. Brain coronal sections (40
pm) from WT and TRIP8b” mice were stained with antibodies against HCN2 and HCN4 (rb-anti-HCN2, 1 :
200 and rb-anti-HCN4, 1 : 200, depicted in red) and TRIP8b (ms-anti-TRIP8b, 1 : 50, depicted in green) in
central-medial thalamic nucleus (CM) of WT and TRIP8b” mice. Arrow head indicates the location of CM.
Note the lower expression of HCN2 and HCN4 subunits in CM of TRIP8b™ compared to WT mice. PV

represents paraventricular thalamic nucleus. Scale bars indicate 50 pum.

Supplemental Fig.5

TRIP8Db is not expressed in GABAergic thalamic neurons and local circuit interneurons. Staining of the
brain coronal sections (40um) from GAD67/GFP knock-in mice with antibody against TRIP8b (mouse-anti-
TRIP8b; 1:50, depicted in red). In these Knock-in mice, the GABAergic neurons are labeled by expression of a
green fluorescent protein (GFP) under control of the glutamate decarboxylase (GAD67/Gadl) promoter. As
illustrated, TRIP8b is neither expressed in GABAergic thalamic neurons of the reticular thalamic nucleus (nRT,
a) nor in local circuit interneurons of the dorsal-lateral geniculate nucleus (dLGN, b) and somatosensory cortex
(SSC, b).VB represents the anatomical location of ventral-basal thalamic nucleus. Scale bar indicates 50 pm.
Supplemental Fig. 6

Influence of TRIP8b on I, in cortical pyramidal neurons. a Representative traces of I, recorded under
voltage-clamp conditions from pyramidal neurons in layer V and VI of the somatosensory cortex. Only five
hyperpolarizing steps from a series of 10 are shown. The last step shown is the one to -130 mV. b Bar graph
illustrating the reduction of 1, current density in neurons of TRIP8b™ mice compared to WT in layer VV (n=9/8
cells, ANOVA, *** p<0.001 ) and layer VI (n=6/6 cells, ANOVA, * indicates p<0.05). c Mean steady-state I,
activation curve of pyramidal neurons in layer V, showing the negative shift in V5 for neurons from TRIP8b

" mice compared to WT (n=9/8 cells, Student’s t-tests, p<0.05). d The 1/V-curves show the reduction in I,



current density in pyramidal neurons (layer V1) from TRIP8b” compared to WT mice (n=6/6 cells, ANOVA,

p<0.05).

Supplemental Fig.7

TRIP8b regulates Iy, density and voltage-dependent activation in thalamic relay cells. a Representative
traces of I, recorded under voltage-clamp conditions in different thalamic nuclei of WT and TRIP8b™ mice. Iy,
current was measured by hyperpolarizing steps of -10 mV increments from a holding potential of -40 to -130
mV. To yield the steady-state activation curve of I, the fraction of open channels, p(V), was calculated by
normalizing the mean tail current amplitudes in response to an additional step of 1000 ms to -100 mV and
plotted against the membrane voltage (mV). Only five hyperpolarizing steps from a series of 10 are shown.
VB, PO, CM and dLGN stand for the ventral-basal complex, posterior thalamic nucleus, central-medial
thalamic nucleus and dorsal-lateral geniculate nucleus, respectively. As shown in a and upper panel b, the
absence of TRIP8b resulted in a significant downregulation of the I, current (Student’s T-test, *, **, ***
indicate p<0.05, p<0.01, and p<0.001, respectively). In addition, as illustrated in b (lower panel), the absence
of TRIP8b induced a significant negative shift in the half-maximal activation of I, (V,s) in TRIP8b™ relay
cells. ¢ Representative mean steady-state activation curves of I, in TRIP8b” (filled circles) and WT (open

squares) relay cells of different thalamic nuclei.

Supplemental Fig.8

Age-dependent changes in the voltage-gating of HCN channels in thalamic relay neurons. a, b and ¢
Graphs showing the mean steady-state activation curves of I, at different postnatal ages (p15-30 (young) vs.
p120 (old)) in thalamic relay neurons of the ventral-basal complex (VVB). d Bar graph showing an age-dependent
shift to negative potentials in the voltage-dependent activation (Vo) of I, in both TRIP8b™ and WT mice. e Bar
graph demonstrating the slower time constant of I, activation in older animals in both groups. (Student’s t-test,

*, *** indicate p<0.05 and p<0.001).

Supplemental Fig.9
Modulation of Iy, in thalamic relay neurons by cAMP. a Mean steady-state activation curves of I, (Vgs) in
TRIP8b™ and WT relay neurons of the ventral-basal complex (VB) in the absence and presence of 100 pM 8-

Br-cAMP (cAMP). In both TRIP8b™ and WT TC cells, intracellular application of 8-Br-cAMP shifts the



voltage-dependent activation of I, to more depolarized potentials. b Representative I, current traces recorded
under voltage-clamp at the step to -130 mV; control conditions (0 8-Br-cAMP, black) and after application of
100 uM 8-Br-cAMP (red), showing the faster time constant of I, activation in the presence of cAMP for both
WT and TRIP8b” VB TC neurons. ¢ Graphs comparing the voltage-dependent activation of I, in the presence of
different concentrations of 8-Br-cAMP in WT and TRIP8b” VB TC neurons. TRIP8b” TC cells showed a
significantly (One-way ANOVA, ** and *** indicate p<0.01 and p<0.001) higher sensitivity to 8-Br-cAMP
compared to WT. d Bar graphs demonstrating that the cAMP-dependent increase in I, current density only
happens in the presence of TRIP8b. e Bar graph comparing the basal cAMP levels in WT and TRIP8b™ mice.
Tissue samples were obtained from 3-month-old male mice (n=3/3 animals and total of 18 samples).
Quantification of cAMP concentration (pmol cAMP/mg protein) revealed a significantly (Student’s t-test,

p<0.01) lower cAMP level in TRIP8b™ compared to WT mice.

Supplemental Fig.10-11

TRIP8b does not control the HCN2 channel protein expression in the brainstem. Brain coronal sections (40
pm) from WT and TRIP8b™ mice were stained with antibodies against HCN2 (rb-anti-HCN2, 1 : 200, depicted
in green) and TRIP8b (ms-anti-TRIP8b; 1:50, depicted in red). Compared to the thalamus and cortex (see Fig.3
and Supplemental Fig. 1-5), the overall expression of TRIP8b protein in the brainstem (a-b upper panels) of the
WT mice is noticeably lower. In addition, lack of TRIP8b does not affect the HCN2 protein expression in this
part of the brain. Aq, cerebral aqueduct; DR, dorsal raphe; LDTg, later-dorsal tegmental nucleus; PMnR,
paramedian raphe nucleus; MnR, medial raphe nucleus; PPT, Pedunculopontine nucleus; scp, superior cerebellar

peduncle. Scale bars indicate 100 pum.
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