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Junctional membrane complexes (JMCs) composed of the plasma
membrane and endoplasmic/sarcoplasmic reticulum seem to be a
structural platform for channel crosstalk. Junctophilins (JPs) con-
tribute to JMC formation by spanning the sarcoplasmic reticulum
membrane and binding with the plasma membrane in muscle cells.
In this article, we report that mutant JP double-knockout (JP-DKO)
mice lacking neural JP subtypes exhibited an irregular hindlimb
reflex and impaired memoary. Electrophysiological experiments indi-
cated that the activation of small-conductance Ca>*-activated K*
channels for neu-
rons requires endoplasmic reticulum Ca?* release through ryanodine
receptors, triggered by NMDA receptor-mediated Ca?* influx. We
propose that in JP-DKO neurons lacking afterhyperpolarization, the
functional communications between NMDA receptors, ryanodine
receptors, and small-conductance Ca?*-activated K+ channels are
disconnected because of JMC disassembly. Moreover, JP-DKO neu-
rons showed
of Ca** /calmodulin-dependent protein kinase Il. Therefore, JPs seem
to have an essential role in neural excitability fundamental to plas-
ticity and integrated functions.
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muscle, and “peripheral coupling” in immatu and
smooth muscles (3, 4), RLL‘ull'-[ud\ulndlti\ll.dl]hllgurl; ophilin
(JP) subtypes, namely JP-1-JP-4, contribute to JMC formation
in muscle cells (5, 6). In JP-1 knockout mice with perinatal
lethality, mutant skeletal muscle shows deficiency of triad junc-
tions and insufficient contraction probably causéd by impaired
communication between DHPRs and RyRs (7). In JP-2 knock-
out embryos showing cardiac arrest, mutant cardiac myocytes
exhibit deficiency of peripheral couplings and arrhythmic

Results
Generation of JP-DKO Mice Bearing Lethality. JP-4 knockout mice
were generated by using standard gene-targeting methods, and
hlot analyses confirmed that the mutation introduced is a null
mutation in the gene (see Fig, 6, which is published as supporting
information on the PNAS web site). The JP-4 knockout mice,
showing no significant abnormalitics in development, appear-
ance and reproduction, were crossed with JP-3 knockout mice
(9) to produce JP-DKO mice. Under normal housing conditions,
JP-DKO mice showed severe growth retardation and lethality
3-4 weeks after birth. This lethality is caused by a feeding defect
because JP-DKO mice were obviously d when the diet was
switched from normal dry pell

This phenotype may be due
deteetion of normal pilocarpi

cuils control-
ling the sali ¢ severely damaged in JP-DKO
mice. Moreover, most of mature JP-DKO mice that survived
(=90%) were infertile.

When normal mice were suspended by the tail, they strugaled
and kicked, and their lower limbs remained apened. By contrast,
mature JP-DKO mice always crossed their legs when hung
upside-down (Fig. 1B). We never detected such an irregular
response in JP-3(+/—) IP-4(+/—) (IP-DHE), IP-3 knockout,
or JP-4 knockout mice. This aberrant behavior, called the
“foot-clasping reflex™ (10), has been reported in several mutant
animals hearing neurological defects.

Normal Morphology in JP-DKO Brain. In addition to having a regular
brain size, mature JP-DKO mice retained normal layer organi-
zation and cell density in the cerebellum and cerebrum (see Fig,
74, which is published as supporting information on the PNAS
web site), and we found no abnormalities in basic histology and
cytology in the mutant brain, Our electronmicroscopic obser-
vations also revealed no ultrastructural defects in the hippocam-
pal and cerebellar regions from the JP-DKO brain. The normal
expression of major endoplasmic reticulum (ER)-related pro-
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signaling probably caused by functional ling bet
DHPRs and RyRs (5). In the brain, both JP-3 and JP-
expressed in similar diserete neuronal sites and may collabor
tively contribute 1o JIMC formation (8, 9). However, the role of
neural JP subtypes is largely unknown. knockout mice
lacking hoth JP-3 and JP-4" (JP-DKO mice), we report their
essential contributions to the tuning of excitability and plasticity
in hippocampal pyramidal neurons.
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