Tyrosine Kinase Dependent Suppression Of Homomeric Kvl.1, 1.2, And Heteromeric Kv1.1/1.2 Channels:
Implications For Alzheimer’S Disease

D. Jamshidi, J. Hyatt, A. Khan, T. Yaklin, J. Farley

Indiana University Bloomington
Program in Neuroscience

Infroduction Figure 1. Ca?- & PTK-Dependent Suppression of Kv1.2 by AR Figure 3. PYK2 suppresses heteromeric Kv1.1/1.2 Channels Figure 5: PYK2 or PMA Occlude AB-

. L o ) Suppression
The roles of AR in Alzheimer's disease (AD) pathogenesis include A) 100 > - 0.0001 B) . . b= 0019 ‘ '
disruption of Ca?* homeostasis, synaptic communication, and o ‘ " ] A) . B) 10 A) T ———
synaptic/neuronal plasticity underlying learning & memory. How these £ 70 - 1 L& E o > —¢ p=0.02 channels ~fo - PYEZEEMA
apbnormalities arise is not fully understood. One explanation of the link % 6o —=o000 _os s E 16 —— 100 = 00001 . prodrced SIgmflc?k:wﬂy
: : : : 2 5 5 © ~ [ | greater suppression than
‘k‘)e’rween neurono! dysfunc’non. ”cmd Gmquld mg’robphsm s the g 3 oc § 40 L 04 2: b PMA alone (first two bars
dysregulated calcium hypothesis” of AD. During aging, in vulnerable 2 304 s S 5 S ., o | . from left), and more
. . e . . oo . = 0.4 { ~®-DMsO (n=15) o = ] .
individuals, declines in  cognifion may result from Ca?* signa S § . [ P eposure of
remodeling, that is then exacerbated by activation of amyloidogenic o 02 | <00yt o+ AB2) -1 % 10 | - s 10 15 20 25 30 5 50 Y132F channels (bar 1 vs
athways in AD (Khatchaturian, 1984; Berridge, 2010). ' _ _ o |ommpvALy) , . . . 0 a 4). YI32F  channels
? / ( J ) PY"({EIE;VIA s (l:ﬂ(;ﬂ e ° i - (1?) * * % Kv1.1/1.2 + PMA (n=4) Kv1.1/1.2 + PMA + PYK2 (n=6) TeTILLZTMALSS - eI 2 T PMATRYR2 (ne) * 30 exposed fo PMA+PYK2
'me {rin 20 were no more suppressed
C Kv1.1/1.2 + PMA + PYK2 th th i
Our lab has focused on the potential involvement of voltage-gated C) LS 4R T b s e s
potassium channels (VGKCs) in these processes. VGKCs are activated - D) e K124 PYK2 % PMAO min (n28) 12 C) A0 D ; POCHMAWS)  PMAS)  YIZN+PMAGS) Y13+ PHI2
by membrane depolarization (e.g., action potentials) and regulate -=-DMS0 - 30 Min g v e KvL.2+PYK2+PMA30 min(n=g) 1 g)honsnueﬁf{?;'\?&wﬂ/xxg
Ca?* influx. Inhibition of VGKCs can lead to larger and longer action =1 LM AB(1-42) AB - 30 min s > ~e~Kv1.2+PMAOmIn (n=3) 0.8 o B) was  not  significantly
potentials that may result In synapto-/neuro-toxicity and excess Ca50 UM BAPTAAM + 1 WM AB(142) - S —¢—Kv1.2+PMA 30 min (n=3) ; 100 greater that observed for
. . 30 min A | — PYK2+PMA (no APB) (bar 2
glutamate release (irom excitatory Qeurons,), as well as postsynaptic O Con 51 I AB(AL42) 30 i = | % vs 1) indicating that AB
depolarization-enhanced excitotoxicity. We've previously shown that = H] 0- 80 ns suppressive effects were
. . . . ——100 pM Gen + 1 pM AB(1-42) - 30 .
AB peptides rapidly suppress homomeric Kv1.1, Kv1.2, and heteromeric min ’ 0 min 0 min L | ' S © . o crivee
o ey . . ¢ . U ression
Kv1.1/1.2 c;hqrmel qc’nvmes in Xenopus oocytes: ~50% suppression of DU~ .o 1000 - % 5 ! ' PMA+AB (b%ﬁ) 3) Was leg
currents within 30 min of exposure to AR (1 uM). For all Kv1l.x channels . ) 80 60 40 20 0 20 40 ; ; 8 4 not significantly greater
y o . ) e ) ' i =
we've examined to date, AR-suppression was Ca?*- and PP2B- T 20 a0 - a man et aﬂﬁiﬁ)@ir Eg
. oltage (m ] )
dependent, being greatly reduced (~ 50%) by BAPTA-AM or 300 | ‘:2 alone (5™ bar), indicating
Cyclosporine A (CsA; PP2B inhibitor). AR —based suppression of Kv1.x ] A AL ekt occlusion of Af effects by
channels was also found to be critically dependent on (endogenous) E)n | PeMA MePYKZe MpePMA A W vinFeap | i AP suppression of
. . . .. y = . S o s (n=8)  PMA(n=3)  (n=4) (n=10) (n=10) Y132F channels (6™ bar)
protein tyrosine kinase (PTK) activity, being completely abolished by the 350ms 0 | —— ' was significantly less than
broad spectrum PTK inhibitor genistein. PTKs may be involved in 20 min AT channels (5™ oar).
synaptic plasticity, neuronal hyperexcitability, and memory via tyrosine

E) i vaas RO Potential Mechanisms of AB-Suppression

—o—Kv1.1/1.2 + PMA 30 min (n=4)

phosphorylation pathways. These pathways may also be altered in the
presence of toxic AR-oligomers, potentially causing internalization of Kv
channels and reduced surface expression. However, it Is not clear
whether the PTK-modulation involves direct phosphorylation of the
channels and which PTK(s) are implicated.

AR (1-42) [represented In turquoise] may cause
suppression of Kvl.1 and Kv1.2 by: 1) binding to distinct
extracellular regions of the channel, which prevents
normal gating/activation by membrane depolarization, 2)
forming Ca?" mega pores that allow large influxes of Ca?*
which then cause subsequent activation of Ca?*-
dependent signaling pathways [such as PTKs (like PYK2),

—e—Kv1.1/1.2 + PMA + PYK2 0 min(n=6) 0.8

—e—Kv1.1/1.2 + PMA + PYK2 30 min (n=6)

I/1, at +20 mV

1pM AP + Gen

Here we considered the role of a key tyrosine residue in Kv1.2 and the
PTK PYK2, which is potentially involved in synaptic plasticity and AD.
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Figure 2. PYK2 suppresses homomeric Kv1.1 channels
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