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Cytochrome c oxidase  Cytochrome bc; complex

Sporamin (sweet potato storage protein)

Alkaline lipase (glyoxysome) Isocitrate lyase
H*-translocating pyrophosphatase Vacuolar H*-ATPase
VM23 (vacuolar aquaporin, TIP) Aquaporin (PIP, SIP)

Ca?*/H* exchanger (CAX1)
Zn?+/H* exchanger (MTP1, MTP12)
ABC type transporter (PDR8, ABCA9, ABCB1, ABCB14)

Na*(K*)/H* exchanger (NHX1)

RVCaB (radish vacuolar Ca?*-binding protein)
PCaP1, PCaP2 (Plasma membrane-associated Ca?*-binding protein)

SRPP (seed and root hair protective protein) FF:FFIZAFTT
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Purification and Characterization of Sweet Potato Cytochrome ¢ Oxidase
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TABLE I
PURIFICATION OF SWEET POTATO CYTOCHROME ¢ OXIDASE

Fraction Total protein  Total units Recovery (%) Specific activ-  Purification
(mg) ity (units/mg (n-fold)
of protein)
Submitochondrial particles® 144 466 100 3.24 1
Deoxycholate extract 11.5 292 62.7 25.4 7.8
First DEAE-cellulose eluate 3.70 337 72.3 91.1 28.1
Second DEAE-cellulose 2.14 289 62.0 135 41.7
eluate
(NH,)»SO0, fraction 146 214 459 147 454

% The particles were prepared from 3.2 kg of sweet potato root tissue and stored at approximately —80°C

until used.
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Fraction  Number 3.
F16. 2. Sepharose 6B column chromatography of 0] Ib Zb 0]
a purified enzyme preparation. Enzyme solution (1.5 Fraction  ‘Niimber

ml; 0.6 mg of protein/ml) from step 4 was placed on a
Sepharose 6B column (1.56 X 70 cm) and then eluted
as described under Materials and Methods. Fractions

F1c. 3. Sucrose density gradient centrifugation of
a purified enzyme preparation. The enzyme solution
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Purification and Properties of Vacuolar Membrane Proton-
translocating Inorganic Pyrophosphatase from Mung Bean*

Masayoshi Maeshimai and Shizuo Yoshida

(Received for publication, April 17, 1989)
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From the Institute of Low Temperature Science, Hokkaido University, Sapporo 060, Japan

Inorganic pyrophosphatase was purified from the
vacuolar membrane of mung bean hypocotyl tissue by
solubilization with lysophosphatidylcholine and QAE-
Toyopearl chromatography. The molecular mass on
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis was 73,000 daltons. Among the amino-terminal
first 30 amino acids are 25 nonpolar hydrophobic res-
idues. For maximum activity, the purified pyrophos-
phatase required 1 mm Mg2* and 50 mm K*. The en-
zyme reaction was stimulated by exogenous phospho-
lipid in the presence of detergent. Excess pyrophos-
phate as well as excess magnesium inhibited the pyro-
phosphatase. The enzyme reaction was strongly inhib-
ited by ATP, GTP, and CTP at 2 mM, and the inhibition
was reversed by increasing the Mg?* concentration. An
antibody preparation raised in a rabbit against the
purified enzyme inhibited both the reactions of pyro-
phosphate hydrolysis of the purified preparation and
the pyrophosphate-dependent H* translocation in the
tonoplast vesicles. IV,N’-Dicyclohexylcarbodiimide be-
came bound to the purified pyrophosphatase and inhib-
ited the reaction of pyrophosphate hydrolysis. It is
concluded that the 73-kDa protein in vacuolar mem-
brane functions as an H*-translocating inorganic pyr-

ophosphatase. i’

%5 5@ 73 kD OB—YVINOE(L,
PPiDHIKD R & O MY (H+)EE
BAED 2 DDBEREZE R T,

WRELOJRERIB(E T — Y ZRT

1 10

20

Glu-Ile-Leu-Ile-Pro-Val-( )-Ala-Val-Ile-Trp-

- Cys Gl
d 30 y

The 17th residue could not be determined. Nonpolar hydro-
phobic residues are underlined.
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ATP  ADP, Pi EE10 umDi&ha
V-ATPase pH 7.0 - pH 6.0
>760 kDa H* 3075 DH*% g%k

90 H* s71 complex™
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TR L. BRMELE0.1#
pH 7.0: 3.2 x 104 H*

2.9 x 105 H* —Pl
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pH 6.0: 3.2 x 105 H*

Vacuole
V-PPase diameter, 10 pm
homodimer volume, 5.2 x 10-13 L

80 kDa x 2
28 H* s-1 dimer!
~7.5 x 10° dimers/vacuole
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766 7I/BRGRE. 16 [RE @A

Takasu et al. (1997), Maeshima (2000, 2001), Nakanishi et al. (2001),
Mimura et al. (2004, 2005a,2005b), Hirono et al.(2005, 2007a, 2007b, % functional motif

2 i etal (2013, 201 : - — e >
009), Segami et al. (2013, 2014, 2018), Asaoka et al. (2014, 2016) etc REZSEHDFETIL 2005




REZEMERE U TDOH-PPase

H* cytosol

Substrate
hydrolysis
I

Energy
transfer

H* translocation

(I
H* release

H* vacuole

Lin et al. (2012) Nature 484: 399-404
BEF—A i' Segami et al. (2018) Plant Cell Physiol.



H+*-PPase: £4 070 YRy 7O EEE - FAE &9 FHEEAREA

FB (ATP &RiEER) V&I (H+-ATPase) IYUAZwy NEY Ez N
[olERAl

P& H+(Ca2t)-ATPase H*-PPase

https://en.wikipedia.org/wiki/Calcium ATPase 2019/06/17

ADP,Pi ATP

®  ADP, Pi

> ATP

Nature Reviews | Molecular Cell Biology

https://en.wikipedia.org/wiki/AT: synthase 2019/06/17 https://www.nature.!:)ln-:—/articles/nrm2272 2019/06/17 Caz+ (H+)
10 8DYVINOE 14 8DYVINOE B—H9VNO&
M92+
. v 9
ATP PPi 5 }.0.b 0
AG = - 30.5 k)/mol AG = - 19.2 k}/mol d 0o
{EIRNRYT



https://en.wikipedia.org/wiki/Calcium_ATPase
https://www.nature.com/articles/nrm2272
https://en.wikipedia.org/wiki/ATP_synthase

#HLUWER : PPi REMGIOWRENT Y 7V EREHET S

oA % PPase H*-PPase &

H*-PPase X%tk oA PPase @

FERX  man ppal-1 | ‘TQEHE

| | % H*-PPase & Bl &4EPPase D R 2K (fugub ppat)
- BIREPPI - 7Y 7B

> 3% — UDP-Glc + PPi — UTP + Glc-6P —

(Glc-6P — — ADP-Glc —» T V)

PPIOEEREN = {CHFAEN

| @ PV TVORERERE

Segami et al. (2018) Plant Cell \’/

Kinoshita et al. unpublished
https://pixabay.com/ja/ 2019/06/10
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H+-PPase: £ ICO 3K BT 5 RAEER (—BEYVETRE)

e (1132) =3[ ERY)
\,,|| R (I & N1EY) (I & I1BY)
e (12) EEEY)
e (I & IIEY)
& || B I mmé
(4 (1 & IIR)

BE&E. YT,

ELDBIET
[R45E H*-PPase H*-PPase sBI5F
(Na+-PPase, Nat,H*-PPase) B\ &AWFE 33



gz {0 =T e

EME MRS EE. AIILHRS (RILAFIY—A, UVYY—LADKEKB)
Christian Réne de Duve (ZEE) 19744F / —N)V418% - [EFE
(SRDVRUP, JUAXIY—A, &iD)

b ERRIRIVF—ZTRER (H*-PPase D FRE 19894)
Peter Mitchell ((2E) ATP &R DLEZBEESR 1978F ) — N LFE

Paul Boyer (CKE) . John Walker (X&) ATP &REER 19974
Jens Christian Skou (7>~¥—%) Na*/K*-ATPase ./ —\){tZE

F v RILD7DFidiE CHEE (17K F + RJL TIP 19924F)
Peter Agre (KF +=XJL) . Roderick MacKinnon (K*F+ =)L)

2003F / —N)ULLFE



EYOEEREELTOI NIV R POBEOEE (RAHE)
DFLNJLTHEE — Cytochrome c oxidase
— HDFOEEK, ONAE S LIV KU PDNADTAM RS

RERATEFDIEMSEEL ) )\ —T D8 &~ #aef#8A (UC Santa Cruz)
BB ST VATV —LADHEEER HFEOEBHREOES

RiERER (tX (EERIZFHAEA) BPOERMIE - B
H+-ATPase JEHIJERTIET — EMEESHIEE T ChRIE
H+-PPase ;E*IXEET THEZE — YV T/ CEERBS

tfZ2M & : Membrane Biology
YV INOBORBRE. e - 1Faiids. £IBRaE

i ge O FE TR L7z T b0
ZRZERORFARELELALN !

" o




H*-PPase Dt BT 5RTHRRE U Ca?t BHEIV/INIE

CaztisE vy VIO B 7%= % Stains-all
Ca2*ld H+-PPaseiE4ZHET B ;ﬁ;&;ﬁ\%b\% ;’) 7«?;)
— Ca?t[EH+-PPaselc#EE (FA)

RV CaB: Radish vacuolar Ca-binding protein

o Az
: -
= 1K fé R = % B R &
© o oo 2
@ 100 2 ESE E335E
8 . ,
©
S
c
E
H*-PPase
2 50
IZ — — A—
s RVCaB
© 43 kDa
&
1]
o
o
0 -
TIP —
0 S . 10. 1? 20 23 kDa
Reaction time (min)
Maeshima (1991) Eur. J. Biochem. (1991)
Mg—PPI &Eﬁ?% CBB #f& Stains-all &8

Ca-PPi Rt L 7Ly
i’ Yuasa et al. (2000) Plant Physiol.



RVCaB O#i#&%F : PCaP & CCaP (040 XFX7)

RVCaB iPCaPl, PCaP2 ({f2fR™7E)
CCaP (FEREZ=R4ET 20 F. Hpas)

PCaPl ------———--—- MGYWNSKVVPKFKKEFEKNSAKKAAAAEATKTFDESKETINKE TE 50

RVCaB MATADVEQVTPAAAEHVEVTPPKTVAPEETVAAAVVADSAPAPVTETETPVKE ‘TE 60
* * * *k  kk kk Kk

PCaPl LQPKVVETYEATSAEVKALVRDPKVAGLKKNS----AAVQKYLEELVKIEFPGSKAVSEA 106

RVCaB TEEIKKEEEAPVEVTTKDLPVEEAPANAHIJATEEVVE PKKEEE WS TEETPAVH 120
* * * * * * * % *%k %

PCaPl SSSFGAGYVAG----PVTFIFEKVSVFLPEEVKTKEIPVEEVKAEEPAKTEEPAKTEGTS 162
RVCaB @TEEVVEPKKEEEWTEETPAV@IAEDWEPKKEEETPAWEEW 180
*k *

* k% * %

PCaPl GEKEE----- I \GETPETAVVEEKKP EATPAPAVVETPVKEPETTTTA 217
RVCaB EPKKEEEAPVV EEVKKTEETPAV EAEEEEKTTEVAAVQAAAAPAE 240
* * *kk Kk K * *hkkk Kk *

PCaPl PVAEPPKP 225

RVCaB VAVEKADE 248
* Ide et al. (2007) ). Exp. Bot.
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RVCaB 0%i#&%F : PCaP & CCaP (04 XF+X7)

PCaPl1 (2 TOHERDIMBRIRICHETE

I;Yrcjal; SFLEAO - REXKME - D1 ILRBZBECES
PCaP2 REDHMRIREE | REDMBRICATR
CCaP iiRE. BRZZMNT D20 F

PCaP2p::PCaP2-GFP

Ide et al. (2007) J. Exp. Bot.

Nagasaki et al. (2008) FEBS J.
Nagasaki et al. (2008) /. Biochem.
Kato et al. (2010) Plant Cell Physiol.
Kato et al. (2013) Plant /.

Kato et al. (2019) Plant J.

Tanaka et al. (2014) J. Exp. Botany
Tanaka et al. (2019) Plant Cell Physiol

REDFHE - BRICAIIRZPCaP2
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PtdinsP&Ca/CaM (& PCaPONXKimfEIE E HRENICKES T 5 - [BHROL)

#%

RRATPFII
A4/ =LY VR
BB JFILDF

0o (0]
(O]

| |
H,C—CH—CH>

0 .
O_—||3:O O—FI’—O
| 6 5|

0o 0
> O

3 |
0=P-0

PtdinsPs

Nagasaki et al. (2008) FEBS J, (2008) /B
Kato et al. (2013) Plant J., (2019) Plant J.

Caz* 45+ > EBEITFIIL

(0] (o]
(o] (@]
| | —
et w EHREE
O-p=0 O-P-O
(I) 6 5i fe)
PCaPh 5 D gt .EE} 0
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PtdIinsPs o

#HECaMIBEEF—7
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1 8 14
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PCaP1&PCaP2id. AV O LY T F IV T DEKREZRZ S

Ca2t-pp-@Iry.  —> Effector = %%?fﬂg@
| —>» Effector f
v ZIFED DRHEN
e BRI it
a
Caz*
. = PCaP2 B PtdlnsPs P53

IPIIWTUEO-I

e B
Ca2+ \ (LIRS
oot AAVF PRIV
lde et al. (2007) J. Exp. Bot. +
Nagasaki et al. (2008) FEBS ). Caz*/CaM S IHBEF—1

Nagasaki et al. (2008) J. Biochem.
Kato et al. (2010) Plant Cell Physiol.

Kato et al. (2013) Plant J. PCaP1: %?L@%D\ 1‘!"5'%'74’)1/1 @%HH@FE?%EZLJ\
Kato et al. (2019) Plant J. *E@ﬂ(ﬁj\ﬁ'l\’:t

Tanaka et al. (2014) J. Exp. Botany .
Tanaka et al. (2019) Plant Cell Physiol PCaP2: *E%ﬁ?bjz * %1%
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[Ca®*]free = 1 MM

Cell wall space

m ATP
\\LA) Mitochondria

100 nM
Ca2+-ATPase

vacuole

[CaZ+]

1-10mM

Ca2+/H* exchanger

" o

BZbBWMENR ALV LhzRRaICIFD S

Caz+/H+ &gt

Ueoka-Nakanishi et al.
(EJB 1999, EJB 2000, PCP
2000)

Kamiya et al. (JBC 2004,
PCP 2005, PCP 2006)

FCaz+iga vV INVE
Yuasa et al. (Plant

Phys.2000, Plant Mol
Biol 2001, BBB 2002)

Ide et al. (PCP 2007,
J Exp Bot 2007)



MRAEOHENREZHH L. HIROFRKETBEZRET 50F

r/ ‘ Zn2+/H+ 3 B E AR

EE(C K DEREN

Zn? Zn? HMA2
IRT1, IRT3 ZIP2 PCR2 HMA4 + + + H*-ATPase
l l * M /‘\: ‘ HEARAA R T T R

/ N zn ATP zn%* P ATP H' /SiD P
( Zn?* \ MTP1/ " zo™\ o zo®
" Al mTP4 AL
\L / AW/ W) Kobae et al.(2004) PCP
\\% H* 702" H* Kawachi et al. (2008) J. Biol. Chem.
ER Zn?* 0% g2t e HMA3 Kawachi et al. (2009) PCP
l i ST 20t {E/;:f Kim et al. (2009) Plant ).
SGUEE (ZTP29) = Kawachi et al. (2012) FEBS J.
(G Lt AoF Ueno et al. (2013) J. Exp. Bot.
Tanaka et al. (2015) FEBS Open Bio
O O ZIP1 77 Tanaka et al. (2015) PCP
O, @ T ATPaes /*\vv —— Fujiwara et al. (2015) FEBS J.
MTP5/MTP12 - IRT2
Zn?* o 2oe =
\ AROAFFZAY 4mae A /N2 J

HmAgEE zn* zn* i



REEKF v RIVRFOER : 2F0T= (BEARF)

RRBIEH S H-PPase = {55 1. REBEEEESY >NV E (23 kD) (FfaIh ?
BAT DY VINOE (I ?

2. BBl afEEEXT dEEAER DTz,
> AV ETF YA ORBESR LB
> A4 AVEKBEICH23 kD DFEE

3. RAEER23 kKD F (KF v xI) =0
> X FI 1992 Plant Physiol.

Prof. M. Chrispeels

“Radish VM23 is an aquaporin”.
in 1992, @NIBB

"IINFEEY > ERERETELDF

Maeshima, M., and Yoshida, S. (1989) Purification and properties of
vacuolar membrane proton-translocating inorganic pyrophosphatase

from mung bean. J. Biol. Chem., 264, 20068-20073. i'



4 February 1992; accepted 25 March 1992

Appearance of Water Channels in Xenopus
Oocytes Expressing Red Cell CHIP28 Protein

Gregory M. Preston, Tiziana Piazza Carroll, ARIMIKT 0 7K >
William B. Guggino, Peter Agre* Science 1992

Water rapidly crosses the plasma membrane of red blood cells (RBCs) and renal tubules
through specialized channels. Although selective for water, the molecular structure of these
channels is unknown. The CHIP28 protein is an abundant integral membrane protein in
mammalian RBCs and renal proximal tubules and belongs to a family of membrane
proteins with unknown functions. Oocytes from Xenopus laevis microinjected with in
vitro—transcribed CHIP28 RNA exhibited increased osmotic water permeability; this was

Plant Physiol. (1992) 98, 1248-1254 Received for publication August 26, 1991
0032-0889/92/98/1248/07/$01.00/0 Accepted October 15, 1991

26 August 1991; accepted 15 October 1991

Characterization of the Major Integral Protein of
Vacuolar Membrane' N -
TREBER D O 7k >

Plant Physiology 1992
Masayoshi Maeshima
Institute of Low Temperature Science, Hokkaido University, Sapporo 060, Japan
ABSTRACT TIP? has been proposed to be involved in the transport of

The vacuolar membrane of radish (Raphanus sativus) taproot small molecules. . ..
contained a large quantity of a protein of 23 kilodaltons that In the present work, a major protein in the vacuolar mem-

accounted for more than 25% of the total membrane proteins. branes of radish taproot was isolated and its antibody was
The protein, tentatively named VM 23, was purified and charac- prepared to make it available for future and for



KFv R : KERZZZDDF

ke Shaseq https://www.ks.uiuc.edu/Research/aguaporins/ 2019/06/24 @ @ @@ @
o @ 3 0“ 5
His @ © @ Arg

& gomucon . () &) “ale  wEwEAT
| YARERE 5 7 HO* (HY&HHRT 3
e QI o ST I

Cell membrane N Cell membr
#& 5

https://www.nobelprize.org/prizes/chemistry/2
003/popular-information/ 2019/06/24

KFvXRIL:
SEEIC U > TKRDFEIRE#HIXT S
(TRIVF—FRE, ZH)EHHX)

SR FEBEDHEBIFESFAELTOERK
P. Agre B+0 / —~)LESE (S

NPA motif
) l © o, Kazoms
KDELEEDIRE
s oo
H>0 ® @

- A X TIRD T3
- H+ TR\ C & % HESR
- KD FRIDKZEE =D

" o


https://www.nobelprize.org/prizes/chemistry/2003/popular-information/
https://www.ks.uiuc.edu/Research/aquaporins/

A=—9RB7 U 7iIRkY VSIPIE/Mafk ER RICKTE

REENY VN EEREELRSIP YO X+ XS BEME
35S GFP AtSec22 GFP (ER marker)

vacuole
vacuole
nucleus

nucleus

bars = 10 pm Ishikawa et al. (2004) FEBS Lett.




KFvRILOMEARBE LEXEER S XEX
YOAXFAF 35, 4% 33, N1 3HFE

H20
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3 H20
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H20 NH3 H202
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Sato
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Higuchi et al. 1998
Ohshima et al. 2001
Suga et al. 2003, 2004
Sakurai et a. 2005
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Anderca et al. 2004
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Kamiya et al. 2009 /BC
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Sato et al. 2019
submitted
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HEFITDERR (41 528) WEDOx% X
RLEEKRZ 1B F %8, NSH= %S, PRF= %S

University of California, Santa Cruz: Prof. Harry Beevers & Prof. Lincoln Taiz
LB E A PIRERIPIASPT © SHER L S H*-PPase is your baby. (1989)

BRBEEMR. FERBR. MAMBRZATR. g RS

BEEKRZF {5 1 IO RAMRE A&k - KERAE - WARFEF
BLZA 0 (dbKX) WE-RETR (SBEHR) . KELRE
(MRS 1 F O RPARE) PF—. BELDS, PAFER. FEE3. =N
BEEE. LFOH MNEER. B LB, RBIEF. IANER. 8T,
IEEERETF. XREEF. HbRA. BlEEDB. EEREN*  (Marinela Anderca)

Professors Enrico Martinoia, Youngsook Lee, Heven Sze, Marteen Chrispeels, Christoph

Maurel, Kendal Hirschi, Ulrich Liittge, Pal Nyrén, Rassell L. Jones, Karin Schumacher,
Liam Dolan, Markus Geisler, Dr. Raphael Ratajczak, & Ali Ferjani

e, UNIVERSITY OF CALIFORNIA
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