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Abstract

BUKTFEEAV VLA FYRIL (KWF ¥R ) &, BEHERPOHICEVTERDENVOKE
CFELTVS, KWF YR DREBERER, BELZBRANITSIENMN LT —RXA2 (VSD)
EK+BEBAEZFETBIRT RXA>2 (PD) SV . VSDDOSAAND Y AN EEMKFHICHE
BEHXTDZEILEL>T, PDOT—HFREBAAFEENZEEZASNTVWD, ChETIC, EEN
FEETICETZRREOKVF Y RIILOBERFSHHREETNATVD Y, BLERBUTICHETZH
REOBECEIZHAREZLY, TITERRETEE, VSDDS4ESIICCysERZIBAAT 2 EA
L. ShSHIEEL ERICSSHEAZFR T Ddouble-CysZEEE#ERL ., FAREBOEES KU
RED SEREBANOEEBBEZHSHICTHEZENEL TR ET2 1,

A58 T (& & M E Aeropyrum

pernix AR DKvF ¥ X)L THDKVAPZ BT TRE L . HIOICKVAPWTD Y S A AEFREMER
MET2 el REBESEHIELFTRKAPG FARRICHVTHY), BTFRETH >
o TCTEMRATIE, KVAPDF /T A RAINDBEBRERETL 2. MSPIE2N2ZALV, BERE
BREEERBRNLLRER. PBENSSAOBEY Y 72182 EICRYILE. ChiENaifE
HENTVWBKVAP WTOBIREDHEIE (594 ) KW EBVSHEETH D, S%IFKVAP double-
CysERMABDIVZAFERBNZHED, UBBEZRFLARILTRETDZEZBET,
\Voltage-dependent K+ channels (Kv channels) play a crucial role in regulating physiological
processes such as the termination of action potential in neurons and cardiomyocytes. The
transmembrane domain of Kv channels consists of a voltage-sensing domain (VSD) that senses
the membrane potential and a pore domain (PD) that conducts K+ ions. Upon the S4 helix senses
the change of membrane potential, Kv channels undergo conformational changes that lead to the
opening or closing of the pore. To date, many Kv channel structures of open state are reported
however little is known about closed state structures. In this research, we constructed double-Cys
mutants that introduced combinations of single Cys residue each into helices S4 and S1 of the
VVSD of KVAP and investigated to determine structures of transition states from opened form to
closed form of KVAP.

In this study, we used KvAP, a voltage-dependent K+ channel from thermophilic archaebacterium
Aeropyrum pernix. The initial attempt to determine the KvAP structure by cryo-EM was
unsuccessful, possibly due to the structural heterogeneity in the detergent micelles. Therefore, we
investigated and optimized the reconstruction of KvAP to nanodisc. We employed MSP
(membrane scaffold protein) 2N2 and examined various lipids for reconstruction, successfully
obtaining a 3D map of the KvAP double-Cys mutant with a maximum resolution of 3.8 A. Our data
is much higher resolution than those reported in a previous study (5.9 A). Further cryo-EM
analyses will be performed to determine the structure of the double-Cys mutants at the atomic
level.
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Elucidation of the functional mechanism ofvoltag_ge-dependent K+ channel by cryo-EM
1. HRAREMOBE
BAKEEA) VLA F Y F v IV (KvF v x)L) E #EHERECOHICEWTERBEMOKRBICTESLTWL
3, KvF ¥ XIDIEEBEMEEIZ. BEMAEZRBAMTBIEME Y —RX 1Y (VSD) EK+EBALEFERT R T KX
14> (PD) DSHRY. VSDDSANY v 7 AW EBRIKFHICHEERLT D &IC& > T, PDOS — NHARAL GRS
NBEEZLNTWVWS, INETIC, BREMSEEETICE T 2REBOKVF v RILOEEFSHIBE SN TWLWE
FIEEMTICHS I 2AREBOBEICHATIMEBRIZ LV, ZZTERARTIE, VSDDS4ESTICCysER % 1HFT
DEAL, INSHIEELEFICSSHES 2K T Ddouble-CysEEEEFR L., BHREBOBES L URRENSEH
REANDEBBRBEZHAOMNMITHILABENE L TRFE2T o7
AR Tl e iiEAeropyrum pernix EBEDKvF ¥ RILTH ZKVAPE BT RE Lz, FDICKVAPWTD Y 54 +
EFEMEMRIT 21T o/ & 25, FEGEHER I EIL P TIEKVAPO FHAFZRICEWTH Y, B’ REETH =, £
ZTHRIFRTIE. KVAPD T/ T4 RO ADBEREZRET L7=. MSPIZ2N2ZFHWV., BRI E2iBE 2 EHRETL
THER, DRENSSADEES Y TABZZ IR LEZ, THIXLFIRITI N TLWSKVAP WTORIRED#ES
(5.9A) dWUEBVWSREETH B, S51%IIKVAP double-CysEEKXD Y S5 1 + EEEMITAED, MEFESEERFL
NIVTRET DI E%BIEBT,

2. MAMREBEOBE (FR)

Voltage-dependent K+ channels (Kv channels) play a crucial role in regulating physiological processes such as
the termination of action potential in neurons and cardiomyocytes. The transmembrane domain of Kv channels
consists of a voltage-sensing domain (VSD) that senses the membrane potential and a pore domain (PD) that
conducts K+ ions. Upon the S4 helix senses the change of membrane potential, Kv channels undergo
conformational changes that lead to the opening or closing of the pore. To date, many Kv channel structures of]
open state are reported however little is known about closed state structures. In this research, we constructed
double-Cys mutants that introduced combinations of single Cys residue each into helices S4 and S1 of the VSD
of KVAP and investigated to determine structures of transition states from opened form to closed form of KvAP.
In this study, we used KVAP, a voltage-dependent K+ channel from thermophilic archaebacterium Aeropyrum
pernix. The initial attempt to determine the KvAP structure by cryo-EM was unsuccessful, possibly due to the
structural heterogeneity in the detergent micelles. Therefore, we investigated and optimized the reconstruction
of KVAP to nanodisc. We employed MSP (membrane scaffold protein) 2N2 and examined various lipids for
reconstruction, successfully obtaining a 3D map of the KVvAP double-Cys mutant with a maximum resolution off
3.8 A. Our data is much higher resolution than those reported in a previous study (5.9 A). Further cryo-EM
analyses will be performed to determine the structure of the double-Cys mutants at the atomic level.
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