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A voltage sensor domain (VSD) is a key structure of voltage gated ion channels that play an
important role in cell signaling. An ion channel like membrane protein containing the VSD has
recently been identified from Ciona intestinalis, and was named voltage sensor containing
phosphatase (Ci-VSP). VSD of Ci-VSP is homologous to the first four transmembrane segments
(S1~S4) of Shaker potassium channel that sense membrane voltage. Instead of a pore domain, Ci -
VSP contains a long cytoplasmic domain, ho mologous to PTEN (phosphatase and tensine
homologue deleted on chromosome 10), which acts as a phosphoinositide phosphatase. However,
the detailed operation mechanism of Ci-VSP remains unclear. In addition it remains unknown
whether the vertebrate ortholo g has similar molecular functions to that of Ci -VSP.

To address these issues, a cDNA encoding a Ci -VSP ortholog has been cloned from zebrafish
(called Z-VSP). When expressed in Xenopus oocytes and tsA201 cells, Z -VSP showed a robust
gating current with a higher threshold than Ci-VSP. The cytoplasmic region of Z-VSP showed a
phosphoinositide phosphatase activity like Ci-VSP: Z-VSP(ATM)- glutathione S-transferase
(GST) fusion protein dephosphorylates phosphatidylinositol -3,4,5-trisphosphate (PtdIns(3,4,5)P 3)
as detected by in vitro malachite green assay.

To test whether the phosphatase activity of Z -VSP is voltage dependent, KCNQ2/3 potassium
channel (which is sensitive to intracellular PtdIns(4,5)P2 concentration) was co -expressed with Z-
VSP in Xenopus oocyte and the outward K* current was measured with intervals either at hyper -
polarizing (-70mV) or at depolarizing (70mV) potentials. The current was drastically decreased

when the potential was set at depolarizing 70mV. Therefore, phosphatase activity of Z -VSP is
regulated in a voltage dependent manner. These results indicate that Z -VSP shares the basic
properties with Ci-VSP.

By taking advantage of robust expression of gating currents of Z -VSP in tsA201 cells, he
addressed two questions regarding the mech anisms of the voltage sensing of VSP. First, the role
of transmembrane segment-4 (S4) in the voltage sensing was investigated by mutagenesis
experiments. In the region of S4 like segments of Z -VSP, 1651le (I) was replaced byArg (R). This
mutant, [165R, expressed gating current with the kinetics of ON - and OFF current faster than
those of wild type (WT). The charge versus voltage (Q -V) curve was shifted leftward compared to
the WT and close to that of Ci-VSP. When amino acid sequence of Shaker K" channel was
aligned with that of the Z -VSP, a positively charged residue is present at the site corresponding to
T156 of Z-VSP. Replacement of T156 by arginine, the Q -V curve was shifted leftward and
kinetics of ON-gating current became faster than that of WT. These results suggested that the S4
like segment of Z-VSP is the voltage sensor and positively charged residues are the key residues
in the voltage sensing as in the voltage -gated ion channels.
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Secondly, he addressed whether the phosphatase domain affects prope rties of the VSD. The
cytoplasmic domain of Z-VSP has a cysteine in the active site for phosphatase activity. Mutating
cysteine to serine eliminates phosphatase activity. This mutant showed faster kinetics of gating
current than the WT. A corresponding mut ation was introduced into Ci -VSP and consistent results
were obtained. he also examined the effect of sodium pervanadate (Na 3VOg), an inhibitor of
protein tyrosine phosphatase, on gating currents. After application of pervanadate in the external
bath solution in patch clamp recording, total carried charge remained unchanged but the kinetics
of ON- and OFF -gating current became remarkably faster than before pervanadate treatment. This
change of gating currents does not seem due to secondary to distinct sub m embrane environment
of phosphoinositide caused by phosphatase reaction, since depletion of PtdIns(4,5)P » did not
induce acceleration of gating currents. These results indicate that the phosphatase domain is
tightly coupled with the voltage sensor and some structural change closely related to phosphatase
activity in the phosphatase domain affects the movement of the voltage sensor.

In summary, he showed that the function of the voltage regulated phosphatase is not restricted to
ascidians and that Z-VSP will provide a useful model to understand general mechanisms of
coupling between the VSD and the effecter.
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BRI T v T, BB MESOBEREER FTHY, ZHDOA S~
BETe, —WRAEENICIE, 6 DOEEBBEHMEZRDL, 2OROEEM L7 7/ B
BT 4 F B OWAL S4 BIEEN P —EL T, S5-56 fEIENA 4B EL T,
TNETNHEEL TS, BB OB TAWEIN—T1E, 20V ARY T ) LT —H
NR—ZADWRIZLST, S4 2 & 4 DOBRE B OALZF S, N7 HEZ KDY
W RN E Y B (L B%E#E PTEN (phosphatase and tensine homologue deleted
on chromosome 10) I(ZIELIL7-MEHIKZH 758 MBE =T Ci-VSP (Ciona voltage
sensor containing phosphatase) ZR\W\E L7, F7=. Ci-VSP O EE{LBE R I MEN
EEAIC L THIE SN TWBZEZH LML, Lzl (1) FHEE DL F 03
Ci-VSD CRIBRZRHEBEZFFONEIMITH LN TEH T, (2) VSP DIEENL KA D
HEMIIRIEHA O TR o7, 2T, PFEEFRTAVRIT, AR ICBWNT, Zhb
SOFRBEIZEVEAT,

B1ORICTTo—F 1520 S AVKIL. £, BT 970250, Ci-VSP
@ ortholog Z-VSP @ cDNA ZHEEL7-, LT, 77UV A0 /LR RE i % 38 3
RELTHWCHRERS —MEREZHOZ, £, T HAN V=T oEAIZEYD Z-VSP
ORI FEIR ) B LEERIG R I DT & & LT, &bz, R BLIE /-, PIP,
KIEMEZFFD KCNQ Fr RO EE=F— 35281280, Z-VSD D) Bk
BERIEMENEENMEFEOICHE SR QO BZL2BE L, T72bb ., R AV K,
VSP MBARYIZRBEL/2b DTN EEFLDTHLMZLT,

E2DEETIu—F T30 A AR EERR tsA201 MEE AW,
Z-VSP DB RIS\ TT Fa—F Lz, 7, Ci-VSP BIOEEN KT
K F v RV Shaker EORICI-T5% S4 HIKDOERIK llel65Arg BLW
Thr156Arg Z1ERKL T, 207 —MEMEZMHTL ., BpARIC L, EfRT—EEBE RN
B\ BANC S 7 U TERY, o, ZOBVREENIEL TWAZEE RWELT, ZhbdD
FERICESE S4 HEIROBEMEFE ST I /BRI, VSP OIEE ALK EIZIBNT
BEREEZRIZLTCWAZEEERLL, SHIZ, AT AKX, Z-VSP OBk
BERIEMZ KDED Cys302Ser BROE AL, BERIGEHAEH| pervanadate O
B\ XY, F—PERPMBETEEND D THBRIEWEERFEEERLWEL, B
M LB R I EEM B — ISR AL TRY, BERTEHICERE L -E
TALNIREBA B — OB X ZFE L OB EEFHALMILTE,

DI, ABFIEIE, VSP BEFHEEM THIFEEL THREL TWAZE BEUN EE
AN, S4 MRSV B LBE R SR DM T N BEE THAZEEHALNILIZ &
% OEL2BHBENEHFF TEIENT R THD, Lo T FELZBERIT. 2F—
BT, RPN HRILELTHRIG LWL DO TH AL HIBT LT,
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