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< EH 5 b MK H-ATPase # cDNAZHANNR 7 u—=>7 Sh, RBECBIT5C
DERETORBE., RRBEOINLID bENI LARBINTNE, TALDI 2k
b EEMIE DA D A EHEE & 5 MBS L T OMBC FES 5 H-ATPase
BT e DWW ABEECHECEE2EHERLTVBZERRR S,

MET7 <, KEAAEFY 2 vE, BEESA XOEN D, KEZBHEEE AL
CHIMARESE S % 8 L. NaCl FMIC X 5 ATPase WEHEDMEZRE 3 MO EME T
WLz, A 344X a VEOHEE ATPase fEMEA, NaCl HMIC LI W ELLE
EEhBOIR L, 7T ML ATPase X, NaClFMIcxt LCRIERR bhk,
WKk DWW L FARE (0.5M NaCl) ORGSHEET T, A4EFva VEBLTA X0
ATPase FEfE1E, NaCl WML TWARWEA IS THERN 25-30% KA LTV 5
DIt LT < E 0 ATPase FEHEIE, B A PHESNRMP -, TNEROMIEEES
WZOWT, 72V 900 F vy PRV b rOoBEFEERIER X OH A M KE
H*-ATPase Hifk % A\ 7= Western blotting {2 & ¥ . MM H*-ATPase DFEZHER L
e

UEOFERENS, TEDOMAE ATPase fEMHE X, WABREOH I LIRFIERH D
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AAZHOWRICIE, T~vE, ANVERLOWKEOCKETFIEREY (BE) BEFLTNS,
LT EHEDOEEIL, BARRROARBRICBO CTHEELEDH TH D, BESIZEAL
Eié:kﬁ?%&w@ﬂ%@ﬁ@W@fm\?v%ﬁﬁﬁébfﬁ$ﬂ“$ﬁ%77%
B) ZE-TWB, BT, BEEEBIIX, JRWEGHEIC T~ (Zostera marina) B4AEB L
BOT~EH (B 2ERLTWVD, 7EHIE, AN EDEN LHRN T OEEDS L
LTEETHIHET TR, TENBKFOER, V) VBEDA TV ERIRNLEET S
B, BRREBOKEHEIIZHBRI->TND, ZDEIC, TIECRRINIEEN B AL H
DWFFEDEEECREICH LERCEERBEZRLLTWDZ L3, < OFEEERYH
DO EN TV D), EWFEHRE»OHDE, WEITHEARE VI EFITH LWERE
WIS LIS T, % O HKBREREISEE OMBIT, Y OTEIEEIE & B35 7291
WL EIE B2 bD, L L s, WEOWEKEREESBEEIC OV ToMi
HFLUIVTORFRIL, 1ZEAERESRTVRRN,

WET<EPLTB b TR MERBETIE, RBRRENLOIIEREO, RAE»D
RO e b TSR MBELNRD, REETe VTR M, KEOTe N ST
APICHEA_RTYNVE b= K 2BZEEEALC NaCl OREELITK L TR H 5
2) £l TERAEORRMR L EFTEMBECHET I LMBRESAD S AR
2 25 4 B (Transfer Cell)%@%mﬁﬁ%éﬂé@)o MBI, AV < AT KB
RV MRREESEAD I TREOMEZRELTVDILEEZXZLNT VD, —F,
WM H*-ATPase 1%, WEWMBDOA T L HAATAZ VARMET 220, Z k%
(Vo R—=— TUVFR—F— FxFN) TN BT HrEERE
FT, MEMEBWTHZOEERTRINTVS(M, 5, ZTNETOMENDL, T <
E XYM H-ATPase # cDNAZHANN 7 u—=r 7 &h, 7 ERAE LT
DIOBBEFORBIT, RRAEOTNIV bENI LAHBINTNE6), Zh
LT L, BEMREOAVMBALEEZ LV REEI EM L -MREEEZ b
OFRFEMWE ZOMBBICFEET S H-ATPase BT v~ ETDHBAKBREMGCHEBICEE
REEERLTWVWA I ENTIBREINTT, RAPFRE T, ?ﬁﬁ?vf@%ﬁﬁﬂﬂﬁb:ob\f
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H*-ATPase FEMH % P ICHET L., BELEMA 2B X OHAKMEIEKEYD OKE) T4
X aVEOMBEL LT A LTIV, HET < TOWEKRERESEEZ MRS
FLRATHRETSZE2BRL LT,

2. MREHE
2.1. #E

HFEREL—RY VBT vERT v~ (Jostera marina)ly, TERBEINTHREL
7o, MIEBRNFANIB VT AN IR A A XY a vE(Vallisneria gigantea)ld,
2 5 CCHE&H, MEEZETNEN I2KMICRELTHERFLZ DO Z AV,

2.2. i~ A 7 |m Y — AESE X O BE % O FH R
M~A 78y —hEHORBE, BA D OKENIZHE > ., MIBEE S 3, Dextran
T-500 & Polyethyleneglycol P-3350 % A\ iz kM B o EIE@®)ICHE> THE L &,

2.3. ATPase {&MHEDRIE

ATPase iEM 1. £E & LTATP Z ANERISKE v Tk —ERBEE S8,
WL TEE) vBREEY 7T VBT VE=V AL TERT 5 5% (Fiske-
Subbarow IEEWE LI FE) 1> TIT272(9).

2.4, 7 v b rEETEEORIE

MBREESICT 7YV Py v YMi, Brijh8 TAE L, REBRE/NaxER LT,
FrYP ALy VORKE (495nm) OWAEFBRET D I LICL D HEEEMSE
AR LTz, Ko MgSO, GREE 5mM) 2#HMT 22 LIk VBEBL. A4/ 7
47 (nigericin, ¥R bpg/ml) ZHRMT 2 Ly H'ORH 2R LT,

2.5. Western blotting

SDS—HUTZIATIRFLVEKKBICE Y mBELcMREE D5 R K
#PVDFBIZEEL, —&AKE LTHA XMRE H-ATPase VXM IE., =
KPEL LTI A I 74 A7 7 4 —BEBR UV X [g6 YXFHRMFELZAV. 7
NHV T+ ATy Z—FPEEZRAVTHMAEE H-ATPase MM L7, HiA XMRE
H*-ATPase (OSAl) ¥ XHmiEiE., LEERERRE. TREVARIVEEX
i,

92.6. B¢ % A \7/- H+-ATPase {EME DR
7w EMaE H-ATPase ® c DN A%, ZVa—ZA0KEHMENCL Y BEFEH
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ERAIHINIF—UEHALELI VA NS 7 bEBEL, BBONEEMEE H*-
ATPase 2477 h—AFER T T —F/ —ZXBENL TV HEEKRRS-72) IKEA
L, B#oh W E&GHE % SD- galactose #5H# THIHEE L, SD- galactose. SD-
glucose 7L — RMZ ARy b L7z (AlZ 10EFR, Al E 100 EFHFR L7-), AHA?
IF. YA XF AT HMEE H-ATPase isoform2 # 7R3, MIGME H*-ATPase ® C 3
ﬁﬁﬁﬁﬁ%ﬁﬁﬂof:/f VI =hMEIAEZRAWVWTRL, ZHAL, ZHAIARZSDWTHEHE~2 DA
Y= bIZDOWT 227 v — 7D drop test #1T - /= (Fig. 5, 22-1,2. A22-1,2),

2.7. BA F MR DREHT
TEMEY IV EWBF L%, IN-HCITRBSMC—BRIBEL S %, 28 L.
ETO—EFEEFRLTCEFENEZIOHFLE,

3. WFERER
8.1. T~EMEE S DB E LU E ORER

MET T, KEFFTEXFvave, BLENAXOEND, ivAf 70y —24
(CM) B ZzHEBEL, TOESPLAE_BAREZAVCHIEE (PM) B4 %
AL, U RIBEEER,. TRNENOENIZSWT, ATPase EM., UDPase [&
MEBLCF F7 B CEAEMRIENEZRE L/ (Table 1), UDPase 3L UF k7 1
LACERLERIT, TAENINVVERBLOINEFEDO~— I —#ETH D, Table 1 &
D. CMESICH~ PMES Tk, UDPase BLUF h 7 1 b C B o3 754 4 E <
2o THEY ., PM B TR, IATVEBLO/NNAFEEDOBERSDRANRD RN &
ERERB LI, £7MEEFA & LT NaN,, KNO; # V7= ATPase TEME R E O 5 5 (Table
1, EB), PM EISICEBALTWAI ha vy FY 7THER L ONKKEERRE D ATPase
BEHOBRBAGD RNV LERRBLE, ThOOBENL, AEZBHIREZAVTH
MU-MiEE (PM) Bk, MEOEVWESTHDZ LNERCTEE, MK H
ATPase ’J& ¥ % P-type ATPase lEMEIX. N TP UVBTHEENRDZZ b, NF D
VERTHE S NTIEMEE P-type ATPase &M & L7z (Table 1), fhDMEH D FI 6 .
P-type ATPase {EMED K& iX. MK H-ATPase ICHNR T2 L RAT o LN T
2o

3.2. 7= EfHREE S D ATPase 7&

MEE (PM) B0 TV UBTHRE SIS P-type)ATPase 1EMHE D p H k1
WKOWTHE LR (Fig. 1), 7~EDOMIAME ATPase IEHIE. p H6.0 THEKE 2o
oo WIT, pHE.5 BEV 7.0 TRISGHEIKIC NaCl i, FEx ® NaCl #EIC KT
% MR (P-type) ATPase lEMEZ JE L, NaCL#EMIZ L 5 ATPase {EME DI ES 2 %
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3EOEWM THE L (Fig. 2). 4 XA EF v 3 UV E DMK ATPase FEMED
NaCl Mt LV Z L PAEEN IR L, T EMI@E ATPase {EMIZ. NaCl
B LCERR O, ZoEmIZ. p H6.5 OERTHEHEILRN, BKDOE
BELRAEE (0.6MNaCl) ORIGHEEF T, A4 X a VEBLUA XD ATPase
EMEIE, NaCl %ML TWARWEA IS TEED 25-30% A LTS DIITH
L7 <E® ATPase EMEIX, IZLAELHEESN AP 2T,

3.3. T~ TMIMKEESy O 7w kA TEE

ZHEMOWAEESICHOWT, 727 )Py Ly P2 AWT HREFEEZRE L
e, TP A LYY ORKE (495nm) . BEEEZbIREBAL. A4/ T
7 (nigericin) ZMx 2 &, BWEPEE L LD, T r bt rO@mEEED?TE
#&ni (Fig 3). '

3.4, FifE & Aviz H+-ATPase ¥ /37 B O FER

HiA FMKE H*-ATPase ik AWVWT, T, A4 X v avE, A XMREE
ESLVELNEESY 7 EICH LT Western blotting 21To72, TDORR. £
NENOBESICHVTH 100kDa OMBICKEN 2NV FAKRB & (Fig. 4),
ZHAL OBEERANL#EF SN D ZHAL ¥ VN7 B0 FEIX 104,464Da TH D Z
b, TEMBREES I ZHAL OBETFEDEEES L 5 MIAE H-ATPase
BEHMENTE, 20 2 50/KRIL. T~ ETMBEI H-ATPase ¥ VX HOFE%
RALTW3,

3.5. B L AVWE ZHAL BEEFORBEET R b

ZHA1 BEF (F~EMIaE H*-ATPase HEGEF) Z2HBICEAL, BREMARE
H*-ATPase 2 BT 225 Lk, EENICE, IVa— AL L->TEECTFERF
WTEBNY F—IC ZHAICDNA)ZRA LIy A NF 7 &, BEEBNEEMRIE
H*.-ATPase BEFNHF T 7 b—AFE S nE—F—TXBRERL TV HERK RS-
72) IWE ALK, ZOHFET, YaAf XFXFMIEE H-ATPase ODHENEA TH
Do HF 7 b—AEMTIE, AEMEMME H-ATPase REBELTWVWH D, £2TD
WMAETTE AN, FYLa—REHTIE, MP213 (BEBMIE H-ATPase BIxF %
&) ¥, MP142 3 XL U MP194 (v uA XF X JMilafE H'-ATPase B+ AHA2
EED) Mg Tan=—FRAR LN, MIBE H-ATPase C RmERIZIT, B
CHEFAACBHDLEEPNALTE Y, MP194 Ol MP142 LV b K<H@EL T
W3, ZHALIZ X » THB EN2kIX. B bbb oz (Fig. 5).
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36. TEDEDAF VIR

TIE AT EFVaVE, AXOEDOHA A (Na, K, Mg, Ca) 5 EZEFW
HiEERWTHEN L (Table 2), NaA AV DOEEIT, BEEMA X TEVDICR
L. BET7 <%, KEFZFEF v avETHEIo2, MOBA ALV DEECEEE
REPRONIR» o T,

4. BE

AMETIE, BET ~EOWKREBICEBLHET 2720, T<EOMIEED LELEH
BEE IR Lz, BICHIEE HY-ATPase N7 ~EDHABEECEBEBILEER
BEERETVNSLEEL. 7<EOMMM H-ATPase OHELHRLZOERE
BESTDLLbIZ, BEEDA X, RAMEAEDAAEXFS s VETHLREDER
2170, 3MMICH T 5 ATPase I & ol & L7s M IE O 4 HEIT >\ T HBUR B L
oo KEAF XL a VERBIUELEDA F OMIEERES D ATPase &M A, NaCl
DEMZEVELLEREELZZT20CRH LT, 7 EMEERES D ATPase &
H NaClOWRMIC L 0 E X T 2h o, BICHADERE L ABEE (0.5M NaCl)
DEISEBRF T, A4 E*F> 3 VERBLUA XD ATPase EHEix, NaCl #/EML T
WRWEAIZHE R TEMED 25-30% IO LTWBDIZH LT ~F DO ATPase /&M 1L,
L AEREESN2Polc, ZTORRIZ., TEOWABEBECEELZ 22 L0k
FICHEREY, 7<EOMIEE ATPase &1t I, MAREOEICH LIERHERD 3 =
EWRREN, 2D ATPase EMHIC L W EBHIICA AV Z2HRAHLTWS Z & RREL X
nic,

Western blotting ZEROMER1HH, MIRESY V7 EF TD H*-ATPase ¥ > /%2
EEEISEEME CREN NI b, TEDMIE ATPase &M O it 15 1
(T, MR H*-ATPase # V' R/ EEDEICEBRTILOTIEARAVWI ERRR ST,

SEDOEMDEDBAZT L OMREMIT LIEERIT. A4 XL a vELT<E T,
Noa A FVEER, ARXLHEBRTELELENVEN) —REAREEREB LR, A
Wik, MEEMERBRRDAAZT UV FRATAZF L ABEREL TCHATEENE L DN
B

5. A% DWRE

SEEOHRMFBIZLY . BET T OMIANE ATPase EMN. WHABREDHEEEICH L
TN B Z L AREN, =D ATPase BElEIC L 0 BIBMICA 4> 2 RAH LT3
EBTFBRENTZ, BELL TYEDOMIAME ATPase {EM DO H 0L H*-ATPase & > /%2
BThorELLNBI LMD, B/ B—= 7 LT3 T < T MK H*ATPase
WEET (ZHAD %, BBOT 7 VWY AN AONEMITRRSE, ZHAL 4
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VR ED NaCl it R+ 3 2 AL EHB L OBERARYNTHETIVHEMITHAL
M LTHAL L NABROBRELLTHIT NS,

¥, ZHALl BETEAFEOEDICEAL, BEGERAEORRZLMMET
Nﬂﬂmﬂ?éAwweﬁﬁwﬁm%%ﬁ?ékkﬁ‘ﬁﬁ?v%@ﬁmﬁﬁﬁm%%
P cd . WEMEEDORHE VW IEAR~ORBIIIFTE 2,

S, ToEOWARERSEIEICIT. AVEATHREYES & IC k5 MIERE
BOBMbEEARAERLEXOND, ZOATHE, BB THIES: @Bt~ ) v s 2
(MR T MIEE) »RCEERBEXET 55V U HE LTHAREATN DA VT
FVYDESREVAIEOEERELDND, TOL) RBEEEOES VIV EET <
T b BEET S RERREED TV D,
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Table 1. Marker enzyme activities in crude microsome (CM) and plasma membrane (PM)

fractions of Zostera marina, Vallisneria gigantea and Oryza sativa.

Zostera marina Vallisneria gigantea Oryza sativa

CM PM CM PM CM PM
ATPase activities (1 moles Pi/ mg protein / min)
Vanadate sensitive ATPase 0.1736  0.361 0.0279 0.207 0.0942 0.4262
Nitrate sensitive ATPase 0.2273 0.0772  0.0236 -0.0115 0.056 -0.1202
Azide sensitive ATPase 0.3742 0.0305 0.0267 0.0047 0.0509 -0.0437
UDPase activity (1 moles Pi / mg protein / min)
' 0.3204 0.0628 0.0886 0.0185 0.107 0.0209
Cytochrome ¢ reductase activity (4 moles cylochrome ¢ / mg protein / min )
Antimycin A sensitive 0.1771 0.0213  0.0255 0.016 0.0369 0.0072
Antimycin A insensitive 0.1818  0.021 0.0276 0.0145  0.0446 0.0071

Table 2. Compositions of positive ions in leaves of
Z. marina, V. gigantea and O. sativa

Na K Mg Ca

Z. marina
mature  3.06 3.39 059 045
immature 3.36 3.43 0.34 0.50
V. giganfea  3.76 3.64 0.53 0.85
O. sativa 0.02 282 0.24 0.19

mature, mature leaves
immature, inmature leaves
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Figure 1. pH sensitivity of the vanadate-sensitive (P-type) ATPase

in the plasma membrane fractions of Zostera marina.
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Figure 2. Effect of NaCl on vanadate-sensitive (P-type) ATPase activities in the
plasma membrane fractions of Z. marina, V. gigantea and O. safiva.
A pH6.5; B, pH 7.0.
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Figure 3. Proton pumping activity in the plasma membrane fraction
of Zostera marina
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Figure 4. Western blot analysis of plasma membrane H+-ATPases. 0.3 mg of proteins
in the plasma membrane fractions were electrophoresed by 8% SDS
-polyacrylamide gel. Lane 1, Z. marnna; lane 2, V. gigantea; lane 3, O. sativa.
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SD—galactose SD-glucose

MP 142 | A22-2
MP 194 A 22-1
MP 213 22-2
_ RS 933 22-1
strain plasmid insert
RS-933 YEp351 no insert
MP-213 pRS-890 yeast H+-ATPase
MP-142 pMP136 AHA2
MP-194 pMP132 AHA2 A 92
136-22 p136-22 ZHA1
136-A22 p136-A22 ZHATA

Figure 5. Drop tests for complementation of the yeast plasma
membrane H+-ATPase mutants
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Study on Salinity Tolerance in a Seagrass (Zostera marina)

Toshiyuki FUKUHARA (Tokyo University of Agriculture and Technology)
Shingo TAKAGI (Osaka University)
Yoshinari OHWAKI (National Agriculture Research Center)
JunYong PAK (Korea University)

Summary

The majority of higher plants are sensitive to a high-salt environment. However, a few species of
monocotyledonous angiosperms, namely, seagrasses, have acquired salt-tolerance mechanisms that allow
them to thrive in seawater. Ability to thrive in seawater i1s one of the most prominent examples of
adaptation in higher plants. Such adaptation must be accompanied by morphological and physiological
changes in seagrass plants, and these changes must be genetically regulated.

The epidermal cells of mature leaves of a seagrass (Zosfera marina) change morphologically and
physiologically in response to salinity; cells isolated from immature-leaf tissues are sensitive to salinity,
while mature leaf cells with the morphological characteristics of transfer cells are resistant to salinity. It is
generally accepted that transfer cells are highly active in transporting various ions and nutrients and the

invaginated plasma membranes of typical transfer cells are associated with high levels of ATPase activity.

Plasma membrane H-ATPases are responsible for creating an electrochemical proton gradient (proton-
motive force) which is used for the transport of ions and nutrients that is mediated by specific carriers and

channels (secondary transport). The high degree of invagination of the plasma membrane of transfer cells

increases the surface area of the membrane and the number of these H+-ATPases, carriers and channels.
We characterized biochemical properties of the plasma membrane fraction from a seagrass (Z. marina)

to compare with those from a freshwater grass (Vallisneria gigantea) and a land plant (tice, Oryza sativa).
Amounts of the HT-ATPase protein in the plasma membrane fraction of these three plants that were

detected by a polyclonal antibody against the rice HT-ATPase protein were similar, The proton pumping
activity in the plasma membrane fraction of the seagrass was confirmed by quenching of acridine orange
absorbance. The ATPase activity in the plasma membrane fraction from the seagrass was resistant to high-
salt buffer, but the ATPase activities in those from the freshwater-grass and rice were sensitive. Therefore,
the differentiation of the transfer cell-like structures, accompanied by the salt-resistant plasma membrane
ATPase activity, in the epidermal cells of mature leaves may be important for the excretion of various ions
by these cells. These specifically differentiated epidermal cells may play a crucial role in the survival of the

seagrass in seawater.
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