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[Abstract] Objective: To investigate the mechanism of congenital paramyotonia caused
by human skeletal muscle voliage-gated sodium channel hNavl.4 mutant [1363T.
Methods: The conservation of the mutant site were detecled by using amino acid sequence
alignment; the C-terminal mCherry fusion hNav1. 4 was constructed, and the expression and
distribution of wild type and hNavl.4 mutant [1363T were determined by confocal
microscopy; the steady-state activation, fast inactivation and window current of wild type and
hNav1. 4 mutant 11363T were examined by whole-cell patch clamp. Results: Alignment of
the amino acid sequences revealed that Ile1363 is highly conserved in human sodium
channels. There was no significant difference in expression level and distribution
between wild type and 11363T. Although no significant differences were observed
between 11363T mutant and wild type in the activation upon channel gating, the V, ; of
voltage-dependence of fast inactivation of 11363T mutant [(—59. 01+0. 26) mV] shifted
9 mV towards depolarization as compared with wild type [(=68. 03+0. 34) mV], and the
slope factor of voltage-dependence curve increased to (5. 24+0. 23) mV, compared with
(4.55+0.21) mV of the wild type. Moreover, 11363T showed the larger window current
than that of the wild type. Conclusions: 11363T causes the defect in fast inactivation of
hNavl. 4, which may increase the excitability of muscle cells and be responsible for
myotonia. The increased window current of 11363T may result in an increase of inward
Na® current, could subsequently inactivate the channels and lead to loss of excitability

and paralysis.

[Key words] Muscle, skeletal/ physiopathology; Myotonia congenita/genetics; Gene

expression; Voltage-gated sodium channels/genetics; Mutation; Transfection
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Sequence analysis of [1363T mutantion
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Figure 3 The voltage-dependence of 11363T mutation

21 6y 5 R A7 [ WA N T R T R A %
M RTEIRAS . MRTE A E R B — e R
Je ABEXMELLS | & sV LA 7= A (R %A T
R, 7 A LR RS A REAR 2

11363T 5787 T~ hNav 1. 43 18 2 [ 45 D0 4544
W) — BS BEIX, B F BF 5 K B, M1360V
N1366S M1370V 5540 T X I ) R A K24 T3
AR AR G 7= A 22 X Be 5 AR (1 D) RE 43
Brig /R, RS SIIESE L LA T 21k,
142 TG MIAR D Z B 52 . EL A A2 B8 2 B
2 XS R 5 5 DU 5 A 1K1 H e B0 DX PR 2
P i 1ot ST R A 5 T eI () SCRRARGE , &

o UF AT iE
Ao © 11363 THEAS (A3 IH
q
0.8
M:‘
0.6
2
&0.4
0.2
0.0
=150 ~100 ~50 0 50
HE (mV)
— BRI
B --- 11363 TR A fAmiE
0.10 ,
0.08
¥£0.06
=
=
& 0.04
0.02
0.00
-70 —60 ~50 —40 -30
HE (mV)

A P AE RS 5 113637 245 PR 3 (00 A gk 1 4004 ith
LRI AE— R, T A itk T T 43 B 6 LR 5 B O sk I
LA ik AR

B4 11363T AR f H i

Figure 4 Window current of 11363T mutation

AT B S WA GBS 7 — e B U L R )9
B S () R AR M B B T R AR R
MR R R AR, N R R R R AR
B R, W) U i 5 L AR NI RE R AR
b, 4T T RE 52 03 A SRS R A, DA 5
ANEIE R DRE AR AR

TENRG PR L, B AL5E B AR A LR B
R — A R RREE DI RE Y 1 b 2ehrodk
WY SEVEARIGYT WA ELREIR DY . B SCHRkR
T, SE VAT LA R 3% hNav 1. 4 fR e 5 B R AR
S (PR T ) AR AR T ) RS, DT AE — e B
JE I S LA B 1 26 X6 A 07 30, I L 2%
Pk EF SR Lo EORER . E 11363 T 28748 1, TR T
(%) R AR 1 22 B W Ak T 1) B A S o K — 4%
PR LA T K 11363T 5785 [T AY LR ELAE IR
AR — B RRYT AR

28 FFTIR ,hNavl. 4 () 11363T 2878 23 S 808 i
(14 PR R AR P PR T A2 A0 el PR 0 [ oAl Ak T
] % , BEME AR AN G 3% | (o 40 i ok B % Ay, 4k
15 | AL ELAE AR 5 7 PR I A 4 ) 384 o S 24



REREBH A5 11363 T AR BN A UFE e ) 47 008 18 PR 306 2 45 g AL ) <17 -

LA T, 2P B hNavl. 4 K05, L
FHER

Sk

(1]

[10]

[11]

[13]

[14]

PTACEK L J, GOUW L, KWIECINSKI H, et al.
Sodium channel mutations in paramyotonia congenita
and hyperkalemic periodic paralysis[J]. Ann Neurol,
1993,33(3):300-307.

LEHMANN-HORN F, RUDEL R, RICKER K.
Membrane  defects in  paramyotonia
(Eulenburg)[J]. Muscle Nerve, 1987,10(7) :633-641.
CHAHINE M, GEORGE A L, ZHOU M, et al. Sodium

channel mutations in paramyotonia congenita uncouple

congenita

inactivation from activation[]J]. Neuron, 1994, 12(2) :
281-294.

PTACEK L J, GEORGE A L, BARCHI R L, et al.
Mutations in an S4 segment of the adult skeletal muscle
sodium channel cause paramyotonia congenita [J].
Neuron, 1992,8(5):891-897.

HOFFMAN E P, LEHMANN-HORN F, RUDEL R.
Overexcited or inactive: ion channels in muscle disease
[J]. Cell, 1995,80(5) : 681-686.

WOOD J N, BAKER M. Voltage-gated sodium channels
[J]. Curr Opin Pharmacol,2001,1(1):17-21.
CATTERALL W A. Cellular and molecular biology of
voltage-gated sodium channels [J]. Physiol Rev, 1992,
72(4 Suppl) :S15-548.

CATTERALL W A. From ionic currents to molecular
mechanisms: the structure and function of voltage-
gated sodium channels [J]. Neuron, 2000, 26 (1) :
13-25.

MARBAN E, YAMAGISHI T, TOMASELLI G F.
Structure and function of voltage-gated sodium channels
[T]. J Physiol, 1998,508( Pt 3) :647-657

MILLER T M, DIAS D SM R, MILLER H A, et al.
Correlating phenotype and genotype in the periodic
paralyses[ J]. Neurology,2004,63(9) :1647-1655.
EGRI C, RUBEN P C. A hot topic: temperature
sensitive sodium channelopathies [J]. Channels
(Austin) ,2012,6(2):75-85.

SUGIURA Y, AOKI T, SUGIYAMA Y,

Temperature-sensitive sodium channelopathy with heat-

et al.

induced myotonia and cold-induced paralysis [J].
Neurology,2000,54(11):2179-2181.

WAGNER S, LERCHE H, MITROVIC N, et al. A
novel sodium channel mutation causing a hyperkalemic
paralytic and paramyotonic syndrome with variable
clinical expressivity [Jl. Neurology, 1997, 49 (4) .
1018-1025.

CUMMINS T R, ZHOU J, SIGWORTH F J, et al.

Functional consequences of a Na® channel mutation

[16]

[17]

[18]

(23]

[24]

causing hyperkalemic periodic paralysis [J]. Neuron,
1993,10(4) :667-678.

O’LEARY M E, CHEN L Q, KALLEN R G, et al. A
molecular link between activation and inactivation of
sodium channels [J]. J Gen Physiol, 1995, 106 (4) :
641-658.

BENDAHHOU S, CUMMINS T R, KULA R W, et al.
Impairment of slow inactivation as a common
mechanism for periodic paralysis in DIIS4-S5 [J].
Neurology,2002,58(8):1266-1272.

WEBB J, CANNON S C. Cold-induced defects of
sodium channel gating in atypical periodic paralysis
plus myotonia[ ] ]. Neurology,2008,70(10) :755-761.
BOUHOURS M, STERNBERG D, DAVOINE C S, et
al. Functional characterization and cold sensitivity of
T1313A, a new mutation of the skeletal muscle sodium
channel causing paramyotonia congenita in humans[J].
J Physiol,2004,554(Pt 3) :635-647.

DICE M S, ABBRUZZESE J L, WHEELER J T, et al.
Temperature-sensitive
congenita mutants R1448C and T1313M [J]. Muscle
Nerve,2004,30(3):277-288.

SIMKIN D, BENDAHHOU S. Skeletal muscle na
channel disorders[J]. Front Pharmacol,2011,2:63.
MOHAMMADI B, MITROVIC N, LEHMANN-HORN

F, et al. Mechanisms of cold sensitivity of paramyotonia

defects in  paramyotonia

congenita mutation R1448H and overlap syndrome
mutation M1360V [J]. J Physiol, 2003, 547 (Pt 3) :
691-698.

JURKAT-ROTT K, HOLZHERR B, FAULER M, et
al. Sodium channelopathies of skeletal muscle result
from gain or loss of function [Jl. Pflugers Arch, 2010,
460(2):239-248.

KE Q, YE J, TANG S, et al. N1366S mutation of
human  skeletal
paramyotonia congenita[]]. J Physiol, 2017,595(22) :
6837-6850.

OKUDA S, KANDA F, NISHIMOTO K,

Hyperkalemic periodic paralysis and paramyotonia

muscle sodium channel causes

et al.

congenita—a novel sodium channel mutation [J1.J
Neurol,2001,248(11):1003-1004.

PAYANDEH J, SCHEUER T, ZHENG N, et al. The
crystal structure of a voltage-gated sodium channel [J].
Nature,2011,475(7356) :353-358.

ZHANG X, REN W, DECAEN P, et al. Crystal
structure of an orthologue of the NaChBac voltage-gated
sodium channel [J]. Nature, 2012, 486 (7401) -
130-134.

SHEN H, ZHOU Q, PAN X, et al. Structure of a
eukaryotic voltage-gated sodium channel at near-atomic
resolution[ ] ]. Science,2017,355(6328) : eaal4326.
SHEN H, LIZ, JIANG Y, et al. Structural basis for the



18 - WL K2R (220D Journal of Zhejiang University (Medical Sciences )

modulation of voltage-gated sodium channels by animal
toxins[J |. Science,2018,362(6412) : eaau2596.

[29] MOMANY F A, MCGUIRE R F, BURGESS A W, et
al. Energy parameters in polypeptides. VI . Geometric
parameters, partial atomic charges, nonbonded
interactions, hydrogen bond interactions, and intrinsic
torsional potentials for the naturally occurring amino
acids[J]. J Phys Chem,1975,79(22):2361-2381.

[30] NEMETHY G, POTTLE M S, SCHERAGA H A.
Energy parameters in polypeptides. 9. Updating of
geometrical parameters, nonbonded interactions, and

hydrogen bond interactions for the naturally occurring

2019 EATF|EBEWIRECES

T T A 412 World Health Organization, WHO

Jn5E W45 B intensive care unit, ICU

AR L% magnetic resonance imaging, MRI

T EHUARZ S computed tomography, CT

IEH T EZ ST SEAURIZHEGE positron emission tomography
CT, PET-CT

F SR A A natural killer cell, NK ZH g

NG PEBLRE R BE human immunodeficiency virus, HIV

(SRR messenger RNA, mRNA

TCRFRE R FAR specific pathogen free, SPF

HERR DA W3 H T ALY streptavidin-perosidase,
SP

TIANE ()AL YLD hematoxylin-eosin staining,

A Tif4E SV polymerase chain reaction, PCR

TG S I A TG IV reverse transcription polymerase chain
reaction, RT-PCR

it EE A 2 1R R0 5 enzyme-linked immunosorbent assay,
ELISA

T oEA] TR bicinchoninic acid method, BCA ¥

T SR UTIE I radio immunoprecipitation assay, RIPA

DY A UM ER 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-
diphenyltetrazolium bromide, MTT

T RS IR - TR N IR BRI HL UK sodium dodecyl
sulfate-polyacrylamide gelelectrophoresis, SDS-PAGE

/N 1LY bovine calf serum, BCS

amino acids[J]. J Phys Chem, 1983, 87 (11) : 1883-

1887.

[31] LEHMANN-HORN F, ENGEL A G, RICKER K, et

al. The periodic paralyses and paramyotonia congenita

[J]. Myology,1994,2:1303-1334.

[32] FLEISCHHAUER R, MITROVIC N, DEYMEER F, et
al. Effects of temperature and mexiletine on the F1473S

Na* channel mutation causing paramyotonia congenita

[J]. Pflugers Arch,1998,436(5):757-765.

(A3 A J7 XUmiE]

CEEH AR - G

645 1137 fetal bovine serum, FBS

WEMRER 2% /P phosphate buffered saline, PBS

Er kL 20 AYBERRER 22 1 phosphate buffered saline with
Tween-20, PBST

iR 20 = 2 M2 whEL K tris buffered saline with
Tween-20, TBST

B E AL horseradish peroxidase, HRP

JRH =R adenosine triphosphate, ATP

TR dimethyl sulfoxide, DMSO

LN TR ethylenediaminetetraacetic acid, EDTA

SRR D¢ G2 fluorescein isothiocyanate, FITC

ML BE propidium iodide, PI

FERRTR . 2T diethy pyrocarbonate, DEPC

2 F LB 3R phenylmethanesulfonyl fluoride, PMSF

A LK polyvinylidenefluoride, PVDF

R PRFE A F tumor necrosis factor, TNF

Ak A= 4 A F transforming growth factor, TGF

FAIIEAZ interleukin, IL

F 4430 cluster of differentiation, CD

NZEA 4 EPT)E human leukocyte antigen, HLA

#% KT kB nuclear factor-kB, NF-kB

BB T 4138 helper T cell, Th A

ZARE TAE4FIE I ZE receiver operating characteristic curve,
ROC ik

[i1£% F i fH area under the curve, AUC

{5 X [] confidence interval, CI



