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Effect of Extracellular Potassium on Delayed Rectifier Potassium Channel Proteins of KCNQ3 and
KCNQS in Familial Hypokalemic Periodic Paralysis. Sung-Jo Kim, Donghyun Kim and June-Bum
Kim', Department of biotechnology, Hoseo university, 165, Baebang-Myun, Asan, Chungnam, Republic of
Korea, Department of Pediatrics, Konyang University College of Medicine, 685 Gasoowon-Dong, Seo-Goo,
Daejun 302-718, Republic of Korea - Familial hypokalemic periodic paralysis (HOKPP) is an autosomal
dominant muscle disorder characterized by episodic attacks of muscle weakness with concomitant
hypokalemia. Mutations in either a calcium channel gene (CACNALS) or a sodium channel gene
(SCN4A) have been shown to be responsible for this disease. The combination of sarcolemmal depola-
rization and hypokalemia has been attributed to abnormalities of the potassium conductance govern-
ing the resting membrane potential. To understand the pathophysiology of this disorder, we examined
both mRNA and protein levels of delayed rectifier potassium channel genes, KCNQ3 and KCNQS5,
in skeletal muscle fibers biopsied from patients with HOKPP. Our results showed an increase in the
cytoplasmic level of KCNQ3 protein in patients’ cells exposed to 50 mM external concentration of
potassium. However, mRNA levels of both channel genes did not show significant change in the same
condition. Our results suggest that long term exposure of skeletal muscle cells in HOKPP patients to
high extracellular potassium alters the KCNQ3 localization, which could possibly hinder the normal
function of this channel protein. These findings may provide an important clue to understanding the
molecular mechanism of familial hypokalemic periodic paralysis.
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Scientific, South Logan, UT, USA)3¥} 1% pen-
icillin-streptomycin (Thermo Scientific, South Logan, UT,
USA)e] 4% Dulbecco’s Modified Eagle Medium
(Thermo Scientific, South Logan, UT, USA)2 A}&-3}o] 37°C
95% air @ 5% CO: incubator (Thermo Scientific, South
Logan, UT, USA)d| ] FZH AEE wG3tATt o]F 2%
horse serum (Thermo Scientific, South Logan, UT, USA)3}
1% penicillin-streptomycin (Thermo Scientific)o] 3%
Dulbecco’s Modified Eagle Medium (Thermo Scientific)S-
Agdtel 2AT AT BotE fraiglon Al sy
o] AT AE BF 12passage AE] o] HEE o] &34t}
F A A A Axe) AFEmd 4 mMA BT
£ 99 J50mM/74°ﬂ/‘1 Az e, £
CEXREEEEEE TR
} 4 mM3} 50 meL’ Az F, o
A2 F o 112 kol 49
A g3, B4 A B4 BE DT BEE A
3t 5 AN E] AT SAAE
SUS AFES AEES BFE Aol 27 =
Fal37] o] WA AHE
A . gde pH 728 AA3 I,
AL g3 2o 4 mM 2A4(KCl 0.1491 g, NaCl 4.23 g,
MgCly 0.101 g, CaCl, 0.036 g glucose 0.450 g MOPS 1.046
g), 50 mM =44(KCl 1.8637 g, NaCl 4.23 g, Mgcl, 0.101 g,

CaCly 0.036 g glucose 0.450 g MOPS 1.046 g).
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£ wj %8 & TriZol (Invitrogen, Carlabad, CA, USA)S AL&

Sho] RNAZ #2)819031, ©| % 100 nge] RNAS @A a4
% ¢DNA AH33}o] quantitative RT-PCRe] 3 0 7 Al-L-3}
A Quantitative RT-PCRE ¢} accupower PCR PreMix
(BIONEER, Daejeon, Korea)9} KCNQ3 primer X+ KCNQ5
primerg F33} 7 3t PCRE T3 mRNA<] 47
W3hE elsglth QoA Aoke densitometry H4-S F4
JAzolS AZ &¢th Primer §71HNEL ey} pu
KCNQ3 - Forward : CTC AGC AAC AAC GTA TGT GG.
Reverse : GAA TCA GAA ATC CCA TCC CC. KCNQ5 -
Forward : GTC AAA TCT CAC CAA GGA CC. Reverse :
GGC ATC TGT ACT TTC TCC TG.
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Hercules, CA, USA) AAIE% 1, A795E& 53l poly-
vinylidene fluoride (PVDF) membrane (Bio-Rad, Hercules,
CA, USA)o] ¢l A8 ZZAA western blot2 A3 o).
gl dS H-H3 membraneL 5% skim milk (Bio-Rad,
Hercules, CA, USA)E %3] blocking A171 &, KCNQ3 2
KCNQ5 12} &4 (Abcam, Cambridge, MA, USA)S #2391
I, anti-rabbit ¥ anti-mouse 23} A& A}4354 0 H, su-
persignal west pico luminal / enhancer solution (Pierce,
Rockford, IL, USA)S Ed) vhild wieE 3ol ch
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Fig. 1. Quantification of KCNQ3 mRNA expression. The mRNA
levels of KCNQ3 did not change after exposure to 4 mM
(upper panels) and 50 mM (lower panels) extracellular
concentrations of potassium in both normal cells (left)
and cells from patients (right). Untreated: prior to ex-
posure to the potassium buffer. Treated: 1 hour after ex-
posure to the potassium buffer. In the fold change, un-
treated samples are marked as value 1.
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Fig. 2. Quantification of KCNQ5 mRNA expression. The mRNA
levels of KCNQ5 did not change after exposure to 4 mM
(upper panels) and 50 mM (lower panels) external potas-
sium in both normal cells (left) and cells from patients
(right). In the fold change, untreated samples are marked
as value 1.
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(A) Normal cells
4 mM potassium buffer

Untreated treated

KCNQS

(B) Normal cells
50 mM potassium buffer
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Fig. 3. Western blot analysis of KCNQ3 and KCNQ5 proteins
in the cytosolic fraction of normal cells. (A)
Concentrations of KCNQ3 (upper panel) and KCNQ5
(middle panel) proteins did not change after exposure
to 4 mM external potassium. (B) The concentration of
KCNQ3 protein was decreased after exposure to 50
mM external potassium, whereas that of KCNQ5 pro-
tein did not change. Densitometric analysis of KCNQ3
protein (right). p-actin was used as a loading control
(lower panel).
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Fig. 4. Western blot analysis of KCNQ3 and KCNQ5 proteins
in the cytosolic fraction of patients’ cells. (A) Concentra-
tions of KCNQ3 (upper panel) and KCNQ5 (middle pan-
el) proteins did not change after exposure to 4 mM ex-
ternal potassium. (B) The concentration of KCNQ3 pro-
tein was increased after exposure to 50 mM external po-
tassium, whereas that of KCNQ5 protein did not change.
p-actin was used as a loading control (lower panel).
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Fig. 5. Western blot analysis of KCNQ3 protein in the membrane
fraction after exposure to 50 mM external potassium. The
concentration of KCNQ3 protein was increased in normal
cells (A) but decreased in patients’ cells (B).
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