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Recently identified Ciona intestinalis voltage sensor-containing phosphatase (Ci-VSP) consists of an ion
channel-like transmembrane domain (VSD) and a phosphatase-like domain. Ci-VSP senses the change
of membrane potential by its VSD and works as a phosphoinositide phosphatase by its phosphatase
domain. In this study, we present the construction of His-tagged phosphatase-like domain of Ci-VSP,
its recombinant expression and purification, and its enzymatic activity behavior in order to examine
the biochemical behavior of phosphatase domain of Ci-VSP without interference. We found that
Ci-VSP(248-576)-His can be eluted with an elution buffer containing 25 mM NaCl and 100 mM imida-
zole during His-tag purification. In addition, we found the proper measurement condition for kinetics
study of Ci-VSP(248-576)-His against p-nitrophenyl phosphate (pNPP). We measured the kinetic con-
stant of Ci-VSP(248-576)-His at 37°C, pH 5.0 or 5.5, under 30 min of reaction time, and less than 2.0
ug of protein amount. With these conditions, we acquired that Ci-VSP(248-576)-His has Kn of
354+0.143 UM, Vmax of 0.0607£0.0137 pmol/min/mg and ke of 0.359£0.009751 min” for pNPP
dephosphorylation. Therefore, we produced a pure form of Ci-VSP(248-576)-His, and this showed a
higher activity against pNPP. This purified protein will provide the road to a structural investigation

on an interesting protein, Ci-VSP.
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Ciona infestinalis voltage sensor-containing phosphatase (Ci-VSP), phosphatidyl inositol
phosphate, lipid phosphatase, K, Viax
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2005130l A9 SHAARSATFA AL SATHT
AT Y3 Gona intestinalis voltage-sensor-containing
phosphatase (Ci-VSP)2til Wi &< A E¢ 2t do] vk
= ATH17]. Ci-VSPE voltage ¢4 phosphatidylinositol ¢!
A bR B2 A17,28], obvl: BRRE 2399 A ofv)
=3 e ZE AYE AR fE ol A9 volt-
age-sensing domain (VSD)9} HlS=3jth. 18] il 1 o] S E]
7284 T4 = PIENS.Z 48 A e ¢ dA 84
o} =2 454S Fr3h= phosphatase-like domain (PD)<
7FA 3L ATH7,17,20,28]. ©] Ci-VSP] PD- protein tyrosine
phosphatase®} phosphoinositide (PI) phosphatase®] &4 &
Aol "¢ HCXXGXXR signature motifE 7FA3L Jch
[2810]. Ci-VSP= VSDE &3 Ad & A7 WaE f=
33 o] W3le Ci-VSPY phosphatase-like domains
PIPS 9] ©ERIASHE friestA €TH62022,28] AR Fi=
ol AL WA O ) FEOR o] FoA TH17]. 7}
284 oo 265~56)0] o] & FHAHY AFTor A=
S obr e T %(S1~54)2 At AAVZ AE-S17].
Ci-VSPe] B9l 992 AF7HA 42 A f= o &
A9 VsDAM Faog AEe e B F1 3o
[10,16,28]. 18} Ci-VSP+= o]-& A

}_,

o

v

3]
il

3
[e]
o
&

eX
& Al EAshs Al =)



(SHlA F714
< A
o

M EtEM /\l‘ﬂr[l,lo,l2,26].
Ci-vspb VSDE &34 ﬂ%’%i} %E o] & Al L*94 tﬂi}é

QX3S S %q[5,9,11,13,24,25]. AL A¥HoZ I
% e WHo R ¥ dnd WS o]&dtd AE W

P 59 W3S 39599 0H13]. Ci-VSP= PTEN 7]29l
Pl(3,4,5) 58T o}y 2} phosphatidylinositol-4, 5-bisphosphate
(Pl45)P) %= 214tsl drkar oA AvH9l. 2= Gi-VSPe=
Pl 34,5)P:% &1l4t3tste= 210 % Hol PTEN 28 7]4
S04 FHATL HAAhY) 98 B e 2
A5 BW CG-VSPE 28 Aejol A phosphoinositide”}
5-phosphate| A &4 B o PI(4,5)P:4 4 phosphatidylino-
sitol 4-phosphate (PI(4)P)Z ®¥3FAY PI(3,4,5)Ps21 4 phos-
phatidylinositol-3, 4-bisphosphate (PI34)P)& ¥ 3tth= 2
H= ATH5]. o8 e Ci-VSPol < PIP € 1AtshS A 29
Az A A g WS Fob Gi-VSPE PIPS] €943 9l
gto] THEo A= PIPY Fk Wstol wheh AlZ et EAjst=
o] @ ASA dFS 71A 2 @ de] &g WEs
Fe Aoz A JuH17]. A =3 PIPEl o3t Gi-VSP
o] gl B4 Al Z o] EAjste PIPEY 24 W3lE
WA A Azetd] EAshs Z4F d Ao 25 =)
A BoH17]. 280 o]k ZE AE e A5 AA Wt
& Ci-VSPe] g3 o= Ak A gloy o PIPY
5% W] 71908k Aol @ Qe CiVSPe) PIPE

gk 7148 Solido] WEsiA dHH AE & 4Fol

3 u
o

o
3 g o Fs} 2o] Ci-VSPe] PD$} PTENS] PD

F

o E—Eﬂ, 1_57*5‘] o] r/}uﬂ 70‘:‘4 :d—/ﬂ
Agole A FYF sequence’t EAFTH28]. 1L}
Ci-VSP9] 365% A obw]ie4ko 2 glycine©] #4)3}=HPTEN
o= glycine t4lo] alanine©] JTh. o] g zho] wjiof
PTEN# th2 A Ci-VSP+ PI(4,5)P,E dephosphorylation 3}
= Aoz AZtE D T{9]. F dde) HE JE S SjuH
VSD$} Ci-VSPe] PD Atelell 912]¢ 16-0bv] =it G2 A&
o oIt £ & leH F guid] Jte R dae] N4
T HEde A 248 S An 28]

Ci-VSP9]  human fAF @] Aoz odHe
Transmembrane Phosphatase with TEnsin homology (TPTE)
7} spermatocyte®] Weol WA ol EHA ot
[17,19,21]. ©]¥ human testis specific 424 TPTE and
PTEN homologous inositol lipid phosphatase (TPIP)% Stk
[42327]. ©] €& PTENHE v & A1 &S 7kA]2 9lo
M Ci-VSPete wrld N4 vl frAFSITH28]. o2 @ tes-
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tis specific A @921 TPTES} TPIPXE phosphatase do-
main, voltage sensing domain< 7FA]1 §it}. 1]l TPTES}
TPIP7} testis specific FAAE ¢HA A= A FAFSH
Ci-VSP= Ciona®] A7} me] Al Zete] o] wdE o] glom,
o)t o BASo] Ao $50 pAY A 15
317 @ 2= 1 QITH17,28]. TPTESH TPIPY] Ae)dhd 7]
507 FAe] $5A4L VDY At 7R 43 BEFo]

f
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Sthn 42sn o). old e 48 FAEE of v
A5 9P ASHEH A7 BT G 290 o A8
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e 7k AT AoE o tdr
A7k AT s Ci-VSPY phosphoinositides
(Pls)oll that &/do] 3ol /hEH R dA glov 1 7
A 20l 7|4 EolA AFE B=3 Aol Ci-VSPE HZ
ol HEA G EAZA g 7Y ST A E] &
2 A7) Ao, 71E A7 Y Add e o g
A9 A ol 7198 # 7HA 9 EAY S50l aF
I glon I sjdde] A JHolty. I FAHES e
8 B, Ci-VSPE PI(34,5)Ps¢k PI45)P0 tis &4e] Sl
AoE AE ff 485 T3 #FHAOU9] 7] Bud &4
24 229 3 7HA Y] EARS WEstEE g3 V)4
o] A (substrate specificity)S ##E 4= glrh. 3 gurx o=
Ci-VSP9] &A4el| 9t PI(45)P,S] AlE=tellA s= w7} o]
< Ad 59 24 Wl mAe g disl Bol] E#A
e Holrh, 1822 H4 zs}e A Ci-vsPe 714 Sol
Ao B3t A7} PI phosphataseZ M T2 2+ gl dof o3k
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Ci-VSPY] S EE ®7] 9135} phosphatase-like domain?t

< GST 69 FHj2 LANA PIPSS 7142 3ho] 11 24l
st gAS #FEAT9,17]. 29 oW GST &3¢
Ci-VSPS] PD= 1 ©%14ts} &4J¢] p-nitrophenyl phosphate

(PNPP)E 7142 o] &3 Ao Hef &40l gle AoE B
TEJYH17]. o] GSTY 73 dimerization 73 W&o
Ci-VSP 2] 244& Asfste] 12i3 4HE & AR
goEth 2Bz o] A axE FE3] A3 A2 A
= Wl Basit

o] =&l e Ci-VSPY 712 5ol 1 243} 7)1 %)
et ATE Fd3t7] 3 Ci-VSPoll EA13h= Phosphatase-
like domaing 6x his-tagged §¢ A2 TG AE LA
% mﬂ #4S #A3 5193, SDS-PAGES &3 w4
EZ #9189 pNPPS 7|22 o] &3t 1 &40
segroz 44 208 P, ol A7 2
F 1 PIPES] thd B4 9 Azl e) 243
Jo] i3t 7124 AF AE2 &8 & Jon Hx)
is-tagged Ci-VSP @A 2 2% A+E Asin
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E. cdil A Ci-VSP phosphatase-like domain®] &% ©
A e S 9)8) GST-Ci-VSP(248-576) 2. 2 5-E{[9] phospha-
tase-like domain(248-576)& PCRZ % %3t ¥ (forward pri-
mer: 5-TAACATATGATATCACAGAACGCG-3', reverse
primer: 5-AATCTCGAGAATGTCTTCAGCATC-3") Nee |,
Xhol A|gt B4 F o] &3] pET21a(+) vector (Novagen)<]
Y A g Fol Adste] G-VSP(248-576)-His DNAES
AZstAT o] 9] A4 AE = Sigma-Aldrich2FH 484
FE AL AR

Transformation

Micro tubedll Rosetta” (DE3) singles competent cell
(Novagen) 50 119} Ci-VSP(248-576)-His DNA 1 11l (100 ng)E
7}A A transformation 3t} o] A& 50 pg/ml ampicillin2}
34 pg/ml chloramphenicol s A2 AHE-ste] AEstAtt.

IPTG induction
Culture tube] LB media 5 mlE ¥ 1 final ¥%7} 50 p
g/ml ampicillin¥} 34 pg/ ml chloramphenicol S ¥ o] 11
FAASS Tl 2 FEYUE 273 A=E HE5H 3
7°C shaking incubatorell A 300 rpm 2.2 12~16A17F 9 vl %
AT 2X YT media 1 19] 29 seed cultureZ go] F1
50 ug/ml ampicillin?} 34 ug/ml chloramphenicol & 3¢ 5
At} 37T shaking incubator®] 4 300 rpm .2 2]k 308-7F
H St ATh ©]F UV-Vis spectrophotometer (Beckman
Coulter)Z OD. (600 nm)E 243t OD. gko] 02 o4 =4
%A 50 ug/ml ampicillin®} 34 pg/ml chloramphenicol <
S o] Yol 511 37T shaking incubatorel A 300 rpm &2
1412w Fak gl oA OD. #& Z743te] 06~10 o] 2 o
7HA v Fat Atk o] F 208 F<t iced Fol HASHE A7
el micro tubed 500 ul 8% sampling 331 04 mM9
Isopropyl B-D-1-thiogalactopyranoside (IPTG), 50 npg/ml
ampicillin® 34 ug/ml chloramphenicol & F7}2 ¥ o511
shaking incubatorell A 25C, 300 rpm Z71 0.2 16A17F &<t
Hjj kst Act.

Protein purification
Hjokel-S 94 B35t pellet WE 2& 3, o7 40
ml¢] 50 mM Tris-HCI (pH 8.0), 150 mM NaCl, 10 mM imida-
zole, 0.05 % B-mercaptoethanol (BME), protease inhibitor
(benzamidine 1 mM, PMSF 1 mM, protein inhibitor cocktail
1 ul/m)2 FAF lysis buffers Yol & LA AT o=
homogenizerg ©o]-&3+o] lysis 3tAth. Lysis © @€4& ¢
AE2) 712 o] &3t 16,000¢ g 30 minO 2 YA E2) 3}t

AEYE 4FAE nickelnitrilotriacetic acid (Ni-NTA)
resin 1 mlo] B7 HHo| &7 5 ok 1 A7t 45 7t 4
F2t}. 5000% g o7 10H Ee AR E 3 resing o
EA7N 45 AE W F lysis buffer 125 ml% Yo F1
5% &<t 4TCAA rockingS 3F FHell 5000 xgol A ThA] Y4
B2 A A resing the Al7]E WO 2 43] washings 33}
A} Resing micro tubeZ $71 50 mM Tris-HCl (pH 8.0),
25 mM NaCl, 100 mM imidazole, 0.05 % BMEZ T4 elu-
tion buffer 1 mlE ¥ F1 102 <+ 4T A invertings
< FHol 1,000x goll M 94 £S5 Fetdinh o] U=
33] Algs) FiL RokE FF NS A LA centrifugal fil-
ter unitsel] ¥ 0] 50 mM Tris-HCl (pH 80), 25 mM NaCl,
5 mM DTT, 0.05% BME¢ filter buffer 6 ml 237 5000x gol| A
51087 9AEHE 58 APt w5dS 92 e
Bradford assay [3]2 ¥4 =& A& To F3)9 20%
Arg 2AES A7kg | 70T Basginh

SDS-PAGE
5% SDS-PAGE loading buffer 4 g 373t Z& AZES
95~100°C el A 52 A2 gk & 8,000% goll A 1#3F A4

Z YAk ARES o 10 WS F91H gelol loading 3}
Atk o] 150 V, 120 mAd|A] 10057 A7 92 aahelc),
A7 45E vHAH gel& B AIA 247 52 Coomassie
staining solution®. 2 #4}& §F F-l| destaining solutlonii
gAstgiTh gao] o HW drying kitol| A AxA17] & o
s Fdsiit

pNPP assay2} kinetic constant calculation

% assay S 20 pl2 F1 HF F=7) 1x pNPP assay
buffer (100 mM sodium acetate, 50 mM Bis-Tris, 50 mM
Tris), 50 mM pNPP= Yol 3 FH|E TS 2ol g
1A Ho] Fooh 2212 F8d] 9HA 259 whE AT e
pH—"—2 HH A 2748k} ¥h-g-o] E149 025 N NaOH 80

15 7‘47}0}04*1 B3-S FAA AT 1 o 410 nm A F

ting Wi o2 AN BE AYL SYHez 38 o4
wEdow ofojon 2 AgolA Qo At Pt
EZUAZ TA YT,

T 2D X
GST-Ci-VSPEHE (Ci-VSP(248-576) ©HE ZZ
pET21a(+) WE o] Nad} Xnde] el Ade 5 2 4
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gttt 1 A3 Gene Bank AB18303514 Aqd Z 7t
A9 Gi-VSP PDY] M3t AAFHS Flstqin). o] Al
n2d $g7t 243 C1—VSP(248-576)-H15«] g Zap
%I:TO__ T;HQXJ o= 38 kDaoﬂ }\]-EL;‘)—].‘— Hoz j].r/]-go%r,], o] =

75 0] 7 DNAS Rosetta"(DE3) singles competent cello]
transformatlon?f} o 2 %d q4RE FAsHY 04 mM
IPTGel 93l Ci-VSP(248-576)-His7} &8 Fr=d & E138H
T}HFig. 1). o]o}A] o]#A FEH E. Colig 743 Ni-NTA
resing ©]-§-sto] S AE FA STt o] FANA =
3 74219 Ci-VSP-His A 2719 5ol 3 7kA] &4 s}
At o]& AM&dHH YNbAQ histag A 2 A= salt
SZ7F oF 300 mM NaCl AEE S&738ly o] o=
Ci-VSP-HisE At -39 gl do] JAH= ol
e o] oo thg BebH o7 Tl A3 %‘%“9] salte]
$ES who] AYshe Aol Dasithe 4 Basg

133 Ci-VSP-HisZ Ni-NTA resino| A £&3=d 2
A9 ZANME 1 salt?] =7} 25 mM A7t AT
imidazole®] & £ 100 mM A =7} HIstte 4e o
stk o83 4 PE 53 Ci-VSP-His) Ni-NTA A =7
= 5]"45}0}04 HLoUﬂ HAh old g HAstE GA o =
E 119 %S Tl EA4E 38 kDag =
agsle Ci -VSP-Hls% T& 90% o]’} (Fig. 1)o.2 2 12
2E WA HAdoh

)

—rﬁ

b

oY H ool

Steady state kinetics =71 Z|&{s}

ool AA S B3 A& Ci-VSP-HisE 7HA 1 1
2499 T 213} pNPPe] T BT ERL 3
A} pNPPol| ]t kineticsS] steady state 71 8-S 9l
43l 492 FYFAh ol A ZAD BYLS 0|87
o] pNPP #H&-9 2%, pH, ¥H& A7, 9 d ol gt 1

A9S 3 th(Fig. 2). WA Ci-VSP-Hise pNPPd
Sk &Ql4tsle] Wb Azl ik B A (Fig. 2A)S 5% 714
W SP{248-576)-His

Fig. 1. The expression and purification of Ci-VSP(248-576)-His
A. The induction result of Ci-VSP(248-576)-His, Ul: uni-
duced, I: induced, 5 ug: the purity of Ci-VSP
(248-576)-His, 5 ng loading. This figure is representative
one of 3 independent experimental results.
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L2 stof 502744 ¥ E k=], oF 302 7HA = 1
steady stateol] 3155 &< O}Qiq-. 3HA ‘?l* Lz 7
25C, 30C, 37°C, 42Tl M =
HAWHS MRS 2 o}S&D}(Fl 2B). 28] ¥k pHY| A%
ol 4594 85744 05 1HA 02 ZA A, oF 50 WA
5504 Ao gk (Fig. 2C)& HeEbH S lsgit. ¥4 pNPP
gltstel] ok Sl A ko] BE2 3 pug7tA 05 ng H4
o7 2% A% oF 2 ugZ7hA| 1 ¥H3-0] steady stateoll 3l

< QI AthFig. 2D). & AY AHE FF AL oF
10 % o|W) oz Hof 7 24 AFEo] Fof3 Mol

Aol At o2 HHs APS T Lo
Ci-VSP-His T2 9] pNPP &2l4+3}o] thdl steady-state ki-
netic 34 27& 2% 37C, pH 50 WA 55, ¥H3 A7t 30%
off, ¥h-g wuid <F 2.0 pg olWi7t A ué‘}t}% qes A
= Ao

Ci-VSP2| pNPP kinetics

Ao HAst A4S Fal LA € pNPP 4 £ 0%
pNPP wx=o] B2 whg4d& g<lste Ci VSP His®] pNPP<]
wk-g-ol th&t kinetic 4= (Fig. )% o o] & T3l &4
® Ci-VSP-His®] pNPPe] & <143} EHT'& 1H-8-/3& specific
activity (umol/min/mg)= ?ﬁii’é‘}cﬂ JgZE BASHH T
(Fig. 4A). ©1%A 47 IYZE 7HA 2
© 2 Ci-VSP-His®] KT} Vi 882 712451 A THFig. 3B). o]
A AR Ko 72 e 350 uM =01 W Vil 0.0607 1
mol/min/mg A= AL FAAFGT o|F B AL 5
A& Ci-VSP-His 9 ke S 2.359 min'2 219t} o] &
538} Ci-VSP-His® half-maximal pNPP 2% =7} thek 400
uMo] ™ HES-9] turn-over rate®] 12l o3l i 24 W A&
]S 3loldt 2= 9t} o]&A] AoA e ThE goliE HA
Sk Hlaste] B9 A2} o] el 72 A5 S
Small CTD phosphatase 1 (SCP1)2] Ky %kl Bl3)] 108] A=
A 2 B, ke $2 oF 1108 F AA Yebso
o|H 3 A+ pNPPoﬂ 3t &Ajo] Ao e AoZ By

¥ PTEN©|Y GST-Ci-VSP(248-576)-His[17]¢] 74l Hl&} %=
< o E dehgtal & < vk olgd HluE Fel #dst
719 9 34 e AT o S4ES B Ao R wdd
o o ol 24 g 2 2 d7E 53 AL
Ci-VSP(248-576)-His®] +%4 integrity7} &1 YTl
B 5ot 2yEE B A xﬂ&%} Ci-VSP(248-576)-
Hise AL 713 @idazn s & 1 F+% A39 713
R N

curve-fitting %4

Gi-VSPe A174de 3 b AR ddd 9%= vA=
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Fig. 2. The optimization of pNPP assay condition for the steady-state kinetics of purified Ci-VSP(248-576)-His. A; Time dependency
with 1.82 g of protein at 37C and pH 5.5, U means pmol, B; Temperature dependency with 1.82 ug of protein at pH
5.5 for 10 min, The measured temperatures were 25T, 30C, 37T and 42C, G pH dependency with 1.82 ug of protein
at 37C for 10 min, D; Protein concentration dependency of Ci-VSP-His of pNPP dephosphorylation at 37C and pH 5.5

for 10 min. Values are mean+SD, n=3.

A
0.04
0035
g 003 ) :
£
% 0.025
E 0.02 4
? 0015
E .
& oo01
0.005
0
0 01 0.2 03 04 05 0.6
PNPP cocnentration (mM)
B
Km mM pNPP Vinaxy pmol/min/mg
0.354+0.143 0.0607+0.0137

Fig. 3. The kinetic constant of purified Ci-VSP(248-576)-His. A;
The curve-fitting graph of purified Ci-VSP (248-576)-His
for the dephosphorylation of pNPP with 1.092 pg of pro-
tein at 37C and pH 55 for 10 min. B; Apparent
Michaelis-Menten constant values. Values are meantSD,
n=3.

A2e] WetE 7A|8d A phosphoinositide] $14H71E Al
Aste gQ4tst A4 G4 S HoFEnh o]y s 44 S A
e A9E #AGe 7312 5154 HE O 2 st PDE
Adte AAUES 7FH 24 Ci-VSP7L phophatase 2 4]
PIPSS ©QlAtstste] Aol X 9] PIPS] 24 87} dof
Ui o] 2 Q) AET] e e Ao 48 Fr3l
t}. Gi-VSPE o] Bl M FZ PIBA5)P:9 PI45)P, 5<
golabsl sttty 9E A Q)
2 AT ojyd SAS 7L e dMd 7x
Mi}ﬂ" AT FHE o Ad Fefo T A
I o]9] A Aol the AES} 2 &k B o
TR W8S A Aolth gAY 43F 2HE
T ole Yvle b3 T ot 2o o
o= Ci-VSPE GST WH 2.2 A 5t pNPP

j?L
- o
_85

X
S o oy = U
RNy B N <

mL% i,

U pot [

—H o
v

(i

M

/ey

ﬂ

o L& Md 2 2 n2 J{N-
=

3l 2 &Ao] A9 1719 I kinetic constant”} B.11E] A
daou B A7E 58 CGi-VSP-His2 A 5k] pNPPo]
3 2elaksl &4 9 K, 7o) 0.354+0.143 mM @ A3 Koyt
o] 2.359+0.009751 min" ¢! A< B3t} s+H Ci-VSP

FrAF B ARl PTENS] 7 $-o = pNPPe t 3t kinetic con-
stant7} B8 vl7} §17)90] Gi-VSP A A E Fo A B
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Ci-VSP9] phosphatase-like domain®] 33
| G ZA His-tag o] 992 7% Aol 9%

S 7ML 71 SFAI, His-tag HA]
BET A I £ Gyl 1 u|E o
gzt Bt oA el A574A] BalE GST-tag H4<]
= 724 a7 el 2 @A Y71l o] & S5}
is-tag W2 9] Ci-VSP phosphatase-like domain®] £ colf
do 227 2 A 249 G- Tl oF 90 % o
wo 724 A5 9 G ko] ThsshAl Hlvhe
Mol 718 2 dr7t et 2o A o] FAE @ E S
7FA 3L Xray crystallography s &3 72 AFE 3 Fo
Ao dxpA o7 Ci-VSP(248-576)-His] 24 o} 1 +
z 475 S5l 4 A4E9 A H e '5}9104 =]
Fo =S A g S Fetaa #7449 A7E e
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