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Elucidation of the mechanism of the membrane potential-dependent structural
change of the voltage-gated K+ channel
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Voltage-gated K+ channels (Kv) open and close the pore domain gPD) gate
through membrane potential-dependent structural changes of the voltage sensing domain (VSD). We
introduced combinations of one Cys residue each into helices S1 and S4 of the VSD of KvAP and
performed SS-locking analysis, which detects intramolecular disulfide (SS) bond formation by these
two Cys residues when they are in close proximity. We assessed a total of 25 double-Cys mutants.
Because the residue pair interactions we obtained cannot all form if only a single protein
conformation exists, our results indicate that multiple different conformations were stabilized by
SS bond formation among the mutant proteins tested. We thus conclude that the structure of each
mutant may reflect steps in the process of structural change between closed and open states of KvAP.
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BARAFES VU AF v 1L (Kv) 1, RARESC ODIRO BN 35T 2 IR B &AL O F /01
WREZH S Y R ETh Y | REMICE U ClEED K a2 e 4 v 7 CEgiEd
5 2 & CIEEMZFET 5, Kv i3 6 EoORE@Ek (7 A2k S1~86) ZFio7c o 7
2=y ERARTHEEST 1 DDA F U F ¥ XN Z M L THERET 5, S1~S4 2 lllaist
DENAEZ BT HE N P — KA A (VSD) %, S5~S6 234 AL @IRMET 4 L& —F
FOA A= 2 DRT KA (PD) AT %, VSD @ S4 121X, 3-4 7%
BT LI IEER &2 FFD Arg DM Lys 2MRF STV 5, BEEMAFE FCTiE, EE
fif 22 Hr OV S4 PN 2 H ORI 2 FE o TR0 7 — M3 72 TRE Ik 1S )
Ll D0, ARSI S & S4 ITHRSMANC BB -5 Z & T — MR E THHMEE) ~
LEBT D, D VSD OIEENAKFRIZREEZ D, 7 — M 2 PD OfEE b4
BTHZELICLY, A AVBREFIEHTL2EZX206NTND, Kv F¥ RO TIEIN
FCICEEORE EAEECE T MEENRE SN TE Y, Kv F v 303 kx e RIS mEIC
RSN E AT 5 2 LR LMo TS, L L, 2 E TIoHE Sz Ky
F X FVOREEIT, WIS TS [THY T2, —F, T§rEf#E] © Kv F v X057
RIS T, BN AFIE N COMEMT AR/ Z L b H VLN E 2o TR,

T EE Aeropyrum pernix B3¥D Kv F ¥ X /LTh B KvAP 1X. AN mEENIH LN E
otz Kv F¥ XN ThY, KIFE CREREANAIRE/R Z &0 D, 2N E CICBERAERTN
D WITRESE AT NG ST\ b, ZORR, HEEAEWHK Ky Fv Rk
FELL L 7o ERVEB I E RS LONMEEZ AT 2 Z LRI L N E o TS,

KvAP @ 4 EARTERRIL, VSD & PD 23[A] U4y TN O X3 2 Mdfik & S4-S5 U o —TH
MWD, ) AL ATy TREZ & D, =TT, RAAL AV T REZE DK b H D |
RAAL U AT T O KL, S4-S5 U H—723S6 EHLTEY, S4 DEHE N S6 D7 — MZ
BIET DEN TR SN TS, BBRENZ L2, KvAP R ETHLND /) V RAA LV AY
v P TIE, S4-S5 U U —8 S6 LHENL TV D T2, S4 OREEZEAL ED K DI PD I nHk
L7 — FHBAZIT > T D NEAHREETH D,
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AKFFETIE, 2 KWAP D VSD D 2 DD~ w7 AS1 & S4IZ 1 FRIET O AT A VB R

ZEAL, gD SH M A AV T 4 FiES SSHS) TRIET 5 2 & T, EEMIFFE
T bS] 22ElksE D (SS-locking 1) . Z2REANEHAIZ XK % SS-locking DI
RO LT & &bl U, SS-locking FERIZ T L 7 28 SR D SRS FRATIC K VD | S4 O
WEEAIZI T 5 S4 DFEEBENAKFR 2 EEZ L OEMFEL, PD O — MHPAA =X L %W 5
PMZ L, Kv IS BRI RERERBAA N = X L AT 2 L 2B ET 5,
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ZHETOMENS, BEEAMIFFLE FIZDOHRGFWN SS #EEBMR LIEEREKL LT
VA2C/1130C BERAENFEE SN TND, IHIC [ErikfEE) 2o TBfE] ~2bT D88,
S4 A3 180 FE[Al#A L 7228 DA I~ L0A FREE N30 L WO MEEZENE Z D 5 5 Z L ovR
eI TWD, £ 2T, V420/1130C ZBRRAZFEAL LT, THEEEEAV] 257D S4 O
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S1 D5 FRFEZTIN L, S1 & S4 OfAEDEEF 25 FHO double Cys & RARZERIT 5,
431 SS FEE X, CuP (Cu®'E o-Phenanthroline M&EA) Z & U=l {bSNIC L
B EE 5, ZOBLKIG T, REMIFFET ThHo THIHKRTTOSA D ELE] I
KU CysFRIER LR —WAICTET 5720 0 FHNSSHEEZ T 5 Z LA TE %5, Double
Cys ZRARD 1MW SS fEB TR O A HEDOfEFRIL, Cys F%HED SH KICHEGT 25 F& 2 kDa
® maleimide (Mal) -PEG ZM\WTHiETT 2, 707 SSHE G 2B L7 A RIKIE, Mal-PEG
(2 & o TIER & 39 Mal-PEG ALELRETH% T SDS-PAGE (28T BB EENE(L Liavy, —J5 T,
531N SS FER ZTER L TWVZRWERIRIE, Rt SH BEAS Mal-PEG 1T &k - TIEMi S L5 72
B, Mal-PEG RLER% 124> T B3B8 K L SDS-PAGE (235 1F A BB AN+ %, Mal-PEG % FH
L 7= SDS-PAGE #7112 X v . 25 F¥H0 double Cys ZEHE(LZ VT, SS-locking fig#HTIZ & %
SSHER TR A IR & L7z S1 & S4 DR IER ORIEZ1T 5, F72. SS-locking {EZFIH L
TREN LT KAP Z W TR LA 7 U — =2 7 24T\ FEdR S DIV, HU L I25k
FEER\Z CIETRET — 2 OWNEEITH, Flo, Wb AZ V== T T LTr T4 4
TEM % FHN - BORLF-RAT 24T 9 o
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42 25 FHFAD KvAP double Cys ZEKROIER 2TV, BFEZRIKITRGEREB R Z AT
B R ERBOFR AT 57, BHEIKR 500 ml 720 I 5-10uM TH 37 ikl 2k
BT 5 Z LA TE, SS-locking EBRIZ 3 7RIRE OB A LEICHD Z E N TET,
BT, SSHEBTERRZFRIE L L7- S1 & S4 ORISR ORIEEIT 5 7o, 25 O H
&% T SS—locking FEBRZAT o 7o, #fk. A Ft 10 #HD double Cys ZZ 54K (V42C/1130C,
V39C/1130C, V39C/1131C, S38C/1131C, A35C/L129C, A35C/1130C, A35C/1131C, S32C/L128C,
S32C/L129C) % . BHHEIZ SS A G A TERK Lo B RR L LCRIET 5 Z &3 KT,

I OFRFHE, B ONAREE TR L 2202 & h | FERKICBW TR
RHAVKRA—=a VR SSHTEGICE WV REMINIZZ L 2R LTEY . FLREKOMKIEL
KvAP D PAIKRE & BIRRED M ORGEZE L OBFE 2 K L TV D RTEEMER B H & B2 T\ 5,
F72. double Cys ZEEARDSTARMEIEMNT 21T 5 728, Bicell 5, LCP {Ed KL UVEKHLIK
B O TREGEA 7 ) — =0 T 2 AT o T, iR 2 <IESmiE TR R O T PHE oo [H1 47
ARG MG DALIZ A, LCP IEIZ W TR AIRIZ & v X7 B OBl & 75 3 #E b 4R 3 A
D)o T,

A%, ETRET — XU ZAT 5 72012, FUETEMEA ORE & & el R ik ot
RV T A A E A BB & W T RESRFOME e E 2 TED TW PETH 5,
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