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£ 2:E0EY PARge] TASE oo 7H olLolF 1AL U] Astel RelYorR shola
24¢ BYAAI, vlojando] EAE o LYL(ATPase)?] 4L Sttt AFW% Az 9%

3= H'-ATPase 5 9] 842 Ztzhe] ey A3 A|Q] vanadates} NO;E: o] 8-3le] H713I 1L, 0|9 AL 7
Z} ufo]| A 2L ATPase A9 ~30%, ~38%= LRt} o) F 7kX] A3A) &3 additivedH A YEbE L
o, AAGG 9] oF 50~70%S AsgS SASTE vle]TAE g ATPased] 42 pHe| g3-S o, A &
A& pH 7.49 4 vtelith. ATPase &A1& 3 10 mM o] A4+¢] Kol )34 oF 30% =718 Rylo, K9l 2§
B9EFQ Z3E Nao) JaiA] ehd3] A=) Ko)) 9)g ATPase 84571 7138 A8 $3, whe-8-
9] K FEE ZHIAEA AdH HASe] £33 SAsH ) wHgEd0] K'o] Qi 217 120mM K& &
3= A4 vanadate:= ATPase 8438 U3 27% A &3t o0}, NO; = Zrzke] ZA oA 32%, 40% A
3Rt o] A2 NO o wizhgh Axuho] H-ATPase B4Jo] Kol 9J3jA EHdthe #& AKX, nfo]Z2
% ATPase 8432 Ca™l YN = AF = en], NO;E Ca™d o3 A EARE At o)lde] A E
ulE ez o] lo]22& ATPased X uke] H-ATPase 4 0] Kol 2sjA] 7819, Ca™of €)X A=

.

M B

EF TAAM AEA g T YR 58 F5E
FE71E€71E 98ste] dojuby, oldf tiR-Eo] F4 5
o] A xdtel| 9Jxjel= H'-ATPase(H HX)7} primary
transporter2A4] 7714 FTE A dUXE FFIh
&, A X9 H-ATPasei= ATP9] 7R3 A] A= oy
A& o83t ME FloT H'E o|5A7H, dgxoz
AZehs ZAZ pH 7127 2 49 §4& 23t o]
H g H-ATPase®] 842 tiyst Adys 24dge=
AN AE AK A qEE FP3) dx ] X
H gZx 4% i el 2 pHE A3k 98-S ¢33}
), o|A& Az By d {rlkEe] ojE 3y AHA A
] Zlse] 5ot Azt H X A7t
ATPE 7}5-E35l H-ATPasest PPiE 7} &=
H'-PPase®] 7 77} 44 3len, o]55 H'-ATPasex
V-type H-ATPase 24 E4Jo] Br&| A g1}

AEFHE o] E 39 o)Fo] pg &dslA do
e & F¢ shteln, ion transporter7} #A5te o
7HA AE A 8- st k. 21 EA Y Bez A oA
© o8 T79 o2 Ee} o] d vl Fo E4 2
A A H&o] B glon, 53] Axate] X3¢ H'-
ATPase= EA 9 A3y B3}, Ca*-ATPase:= A%
AU Zgole FEE BF oM MX Q@A w3
ZZ0)|,*” NO;/H' cotransporter= NO; ¢] &2)),*” Na'/H"

A= H-ATPase, Tomato roots, Ca* effect, Vanadate, Nitrate.
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antiporters AFAFAAN 42 Fa3% Ay 4L
3l Aol W) =3 AF A& H-ATPase,™ Na'/
H' antiporter”} Qgol2) 53 A#HAF o], Ca” A do]*”
Axo] A aAdn A-bste] Asojxisich

B A3 Enfge] Ry zAox o] olF] BuHd
A 712 olslidle, 4RI EddAY AEAS A
HerS 2 AE) 913 71247 EA FIEHAT. ESE
AAY dgs B 374 AEHA g9ozA AS B
A7 Fof 2Qloly}, B G777} o] I 9lo] B
A e A AFAAE 53 AYGolrh? o],
E dFolMe SdAug EvlE BExd Aoz
B nlo]a2 &S 2|5k, 9329 2 dxnle) $X)3=
H'-ATPase 5 9] E4Jol| 43-& v|X|& H, Na', K', Ca* 59
o8 7}A) o] 253 A9 AA S EHE A

Mz 3 U

M=

EnlEd] A= 352 Y] AFEulE(Lycopersicon es-
culentum L.; Pink Forcer)Z AF&-3tQt). Fx= ol g ~
EAE o83l R& FA L AR 25°CE HASH
A FFA oF 3UZE BolA R o, Wols gfo] F7]
FehaE g0 o] 43ttt el 421 mM Ca(NO,), 5
mM KNO,, 1 mM NHNO,, 1 mM KH,PO,, 2 mM MgSO,,
54.5 uM Fe - Na-EDTA, 32.4 uM H.BO,, 8.3 uM MnSO,,
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0.77 uM ZnSO,, 0.2 uM CuSO,, 0.082 uM Na,MoO.Z -+
HRARD ARz LR 28-32CE A8
Y EEEE EEECREE PR

o) Aol BT 15 o)) Aok AL, &
Z 88 sucrosetx Fluka BiochemicalAH(Switzerland)2] ¥
< AH38lslen, EGTA, NADH 55 X33 2& AYs
9 pyruvate kinase, lactate dehydrogenase 59 §A4AE2
Sigma Chemical Co.(St. Louis, U.S.A )| 4] 43+t

EaotE #a|xEofMe| nlo|m =& =2

[e)

welzAo lol2nd g Felohs HUTE Ot W
Hasic). 2here] Aearel, Eokse] W] 2R S A5
o 3R 33 o4k Aol F, %) oF 100ge] 5
(250 mM sucrose, 2 mM dithiothreitol, 0.5 mM PMSF, 0.1%
BSA, 25 mM Tris-Mes, pH 7.0) 200 m/E 7}3}] food pro-
cessorZ A 2 T, 459 A=E AF3Igct At
2 glass-Teflon homogenizer= %3] B4A|7] £, 8,500
pm(10,000%X ) 2 308-7F YR s H-42AY uE
=0t T& AAG, FFEE 215N EH7)NA
Beckman SW-28 rotor® 22,000 rpm(80,000% g) 2.2 147+
£ 2R ARG, PAEHZ BojW AWE o) &
Z 8mlE 713t &, glass homogenizer= FA 334t
uto|ARE F8E AAYALZ FIhEFAIA deep freezer
(8F -70°C)ol|l AREAIAA] Hakatd o, 3714 ofule] ALE-
shich. BE HAL 404 Feaeldon, slolang ¥
9] B RE Lowrydd™o.z Agslgtt

0j0| 324 ATPase M EH

Belzxoz Ry Reg vlo]agd ATPased] Wi g
A& enzyme-coupled assay ol o5l ZAsl5irt? 7H
2F8) &3, vlo|Z2E ATPased] &4 F7[4 39
A9} dxe} 5] NADH 4138 i3l NADH
¥ 340 nmo| A H) EFEF Hoju, Ak8ld NAD'+= 340
amoj| A S FTEA o v =, ATPase 432 340 nmoj
Aol FAE AR JEhdE, ojuf At WE B 5%
T g s o3l BA4S SRS Boh? F3 e gA
= spectrophotometer(Hitachi U-2000, Japan)E ¢|&-3}o] &
As}sd e, assay buffer(120 mM KCl, 50 uM CaCl,, 1 mM
MgCl,, 0.4 mM NADH, 2 mM phosphoenolpyruvate, 10 mM
KCN, 30 mM HEPES, pH 7.4) 500 p/ol] &F 25 uge| wuja
o] qHH mo)lmaRLE 715 3, pyruvate kinase(1 TU),
lactate dehydrogenase(1 IU)E- ;5_‘—@-6}1, 0.5 mM ATPE 7}
3t} EANS-S BS3IAT YF-9] ATPase &4 5|0
el o A9 nEZc g obate] ATPasei= assay buffer
o KCNE 10mM 522 #Hyleto] A#sint. K &35
ZH3) 9T QRN E MESED oL ogdo] e A
S8 A eH, K 7t A (120 mM)e] H) gk
B2 A0 e) FAASAANNE KCI9] 7HAF %ol P
ate TEA-CLE 7}3fed o] Fojxit.

Ca” sy oHo| F[FE

nlo] 224 ATPase €4 9] Ca™ & o&EAL w39k
Ao A o] FEAtE Ca* T8 4% ¥ FA35) 9k
= o] Feidd Ca* w4 Hag EGTAY ¥
T Fabiato9] stability constant’”5-& ©]-£3 ZFH T2
aRoew AXEaL, dlF o] EGTAE H7bste] Wb
A5 Ca” FEE 2A-sAT :

EER I Nt

nfo|32& ATPasel| Xsf 54

EutEe] SajzAojr oleolsy #HE AuddL
ZA4387] Slsia 4P, A¥T ER oA FHE wto)
Ag& BIg 2Ydgon, nlelazd £ oAl ATP-
ase & &3t mlolAZE ATPase &4 ATP
E3o] w2 ADP X7 HFHoR AZE NADHY
AHEl2 340 nmoll M 2] FFE &2 FY8HE enzyme-
coupled assay & o]-§38te] ZAGeATH(Fig. 1A). mho]
2% ATPased] TZAL AuAl7] 2 =27, vlo]A2F%
By, vjojaz g FEo] gy wx FA wet o
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Fig. 1. The effects of vanadate and nitrate on microsomal ATP-
ase activity.

(A) Microsomes were prepared from the roots of one-month-old
tomato. The activity of microsomal ATPase was measured by an
enzyme-coupled method, monitoring the time-dependent changes
of absorbance at 340 nm. The concentrations of vanadate (Vana)
and nitrate (NO,") were 1 mM and 50 mM, respectively. (B) Av-
erage activities of microsomal ATPases in the presence of above
inhibitors. Values are means+SD (n>10).
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AT ¥EE Byon, 53] AL o AUl Na
AME T84 2el7} k. 2= BF3a RJujA]7)
of Z&le] zt AlgelAe iz F849) 3§ vanadate,
NO; § EE& A3AY adE vz dASHA dolgot
382, & AFiME 2 g gz a8 28449
e A EHE SHFoEHN vlolaBE A8 e
apo) g 43} 3ok
 NEBANAM FH ATPase eld 9 Wte] H-ATP-
ase &7} HEuto] H-ATPase ZAL z}7}e] o] =
3 A vanadate®9} NO; & o] &3te] Brisisich 933
u+9] H-ATPase 84 50|32 A 3)5l= Vanadateo)
Ki gt 5~20 M= <A lom, 100 uM o) de] 5%
A APAete] H-ATPase B4& 943 Asjarin 1
REYE” =3, NOsE SO0mM FEoA] ofxule] H-
ATPase B4 & 90% ol Aa)gte] AU, Ki gt
g SmM AFE Boj A¥ato] H-ATPaseo]| thg A&
A2 de] AR 5 Uk

Entg Bz oA E2]3 vlo]aZ2$E ATPased] £33
A& 1,028+ 60 nmol/min/mg protein© 2 A =)o} T} 2}
g9 vt} 2 FHL BAY? APARo| A H-
ATPase2] HelZ #a|A)2) 1 mM vanadates) ¥} H-
ATPase] Aeld A3)AQ) 50 mM NO;o| oJste] 84
& Z}7} 792+ 51, 644+ 58 nmol/min/mg protein © 2 723}
o 43 A9e] H-ATPase 842 AAZAI ) oF 23%, AX
gte] H'-ATPase 842 oF 38%2 vreERGT) 28V} vana-
date9} NO;E 37 Hr71sbd &AL 499+ 29 nmol/min/
mg protein© 2 7+A3El, o]& F 7kx) AEHE AFA)S
7L AU additive E9E FSE|Qlon, A Aqt
7 N Ete] H-ATPase 4 HAad 2849 o 50~
70% 7} 2 W7bEchFig. 1B). ojd) AHEAdo= 1}
B} 30~50% B4 9) 542 g3 R)=] gdgtort, A gt
FEA3Y vanadater} NO,ol| o8] A=A = ATPase
gyoz AW} 99 Ade FAR PEo S98
2 Rezol AgAns Fte] H-ATPase E4o)
2849) o ~30%E AX)3h= Ao vlmele] F & 570
5% 48] Aolol o5to] H-ATPase 84 A7} th
A Jehe A& RoFo)

pH &3}

Erte gz £t nlo]a2E ATPase:= pH
7~8 Atolo A Huj9) AL B THFig. 2). pHol| I} & &
A¢] M3 pH 5.0, 6.0, 7.0, 7.4, 8.0, 9.0 A =0
o}, 120 mM K& Z3% g4y 270)Ae) z} pHol w}
8 g4 0, 743, 1,052, 1,122, 1,048, 593 nmol/min/mg
protein® 2 Z}z} Jehgth. &, nlo]a 2% ATPaseo] FHuj
24< pH 7~8A Uehtor, ojnth ALY & pH
JHE FAo] 74381 bell-shaped] FAHTHE BIF)
E3 Ko FHER) 42 whE-g-Aolx e ulo]AZ L ATP-
ase B4 9)¢] Zzte] pHOIA 0, 400, 656, 744, 736, 176
nmol/min/mg protein & ZA}, 7}4 &2 4L pH 7.40 A
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Fig. 2. The pH-dependence of microsomal ATPase activity.

The microsomal ATPase activity in control solution containing 120
mM K* was maximal at pH 7~8 @—#). The activity was de-
creased at above or below this pH range, forming a bell-shaped
activity curve. In K'-free solution, the activity was measured in
whole range of pH @—@), also forming a bell-shaped activity
curve. The data shown are average value of two experiments.

vehgew, 2@ {FAEE bell-shaped] &Aool
pH ¥3ld] it #55Qc). 18]y K'o) 794 @2 ut
SE A9 YL K& TS dzA Yol B3t At
o2 25~30% #A2H ).

njo)3 2% ATPase Z2EM0| n|x)= K*, Na'e] 48

EnlEo] Mgz o gHE] a3 nlo]a2& ATPase
ZAd vl X K'Y 9FE A8 HFig. 3). vlo]azd
ATPase9] 84L& ukg-ghE o K& FH3tA ¥e =4
9j) 4] 840+ 25 nmol/min/mg protein © & ZA E|] 01}, K'9]
E5E 01, 1, 10, 120mMZ ZV/HA7|H 84L& K &
Z7}ol wat Zkzk 992432, 990+37, 1,082+60, 1,088+63
nmol/min/mg protein© 2, H 31 ~30%7}A 7=} K
5 F7}0) i 849 Z71E 0.1 mM olAe] K Ex)3t
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Fig. 3. The effect of K* on the activity of microsomal ATPase.
The activity of microsomal ATPase was measured in solutions
containing various concentrations of K*. K* increased the activity
of microsomal ATPase at the concentration of K* above 0.1 mM
as a dose-dependent manner. Values are means+SD (n=3).
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oA et om, 10 mM °)de] FRoAE HYXE B
Rot. o1& A= vlo]A 2L ATPase 49 K &R
€& BT, K-ATPase®] &4 71548 AlApeth 1
v, o} 7R AEA XA K'& ©]FA7IE primary ion
transporter®] EAjoiH 7} SAHA) ok gl Ko 9@
ATPase®] 857 vwlola 24 o] #A|8= ATPase
o B4 AY TE PEHA L TIAE A42A )
K'-stimulated ATPase S0 2 B 11531 §Jr} ™

@4, K 5E370 ofste] FHE vlolazd ATP-
ase BA4J2 Na'of] oJafx 23] = U ch(Fig. 4). WA, K'o] &
FEHAAA & ukEgoRoM FAL 640+46 nmol/min/
mg protein®]™, 10 mM, 120 mM Na'g H7isld @A
68028, 587+ 12 nmol/min/mg protein . Z 4] ATPase &4
o] M A= Na'e] 3= A% Zt) =3 K9 55E 10
mME F7HA7|H 8412 827+ 52 nmol/min/mg protein ©.
2 Z7}sly, o]n 10 mM, 120 mM Na'& H7}shH 2 e
829455, 637+ 53 nmol/min/mg protein ©. % 120 mM Na'o]|
g% A a7t BEEHAT K9] FEE 120 mME S}
Al7IE 84L& 845160 nmol/min/mg protein©.2 10 mM
K* 270 3t o o4 27N @tk iy 120
mM K" ZZA0)A, Na'& 10 mM, 120 mME Z7}x)7 o) o}
g} 42 7bz} 784455, 55449 nmol/min/mg protein O 2
ZaEAh oleld A= wlo]aRE ATPased] BAJo]
10 mM )49 K'9A Fjz vehto], 10 mM Na'dll=
HOE s #1] 4g-S HEn. a8y} 120 mM Na'
o] A7be Ko 93] F713k ATPase &4& gy on
A3t & Aate Ko 23 ATPaseo] 8457} &3}
7} Na'o|| o3| Mg Ae BoFEr.

Na'd 2 E¢] A5 D Ao Feo& Y3 & o)z &
A gdow, AA] Bl 20~200 mM Na'o] gf=w
A} A7t dojdeh? maty JEAE 3, WIA

1000 = ] g free

% [l Na"10mM
S 800 Exz3 Na' 120mM
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Fig. 4. Na* inhibits the effect of K' on the activity of microso-
mal ATPase.

The activity of microsomal ATPase was measured in various con-
ditions containing 10 mM or 120 mM of K* 'and Na*. For instance,
the blank bars represent the activities measured in the absence of

Na' and in the presence of indicated K* concentration. Values are

means+SD (n=5).

B AXTEL 5THOE Na'g AE wroz wEdlA
Y, AEY A2 A¥ Fo 2 A3Fsh= Na'/H'-antiport-
erd] & 48 Z 1 vt AEZAW Na'g A A7) A%
Na'/H'-antiporter®] &/Joll= H'-ATPase &<l 2J3jA &
A9 H Xk 712717} o] 85, mbA gio] B2 87
SN st} ARolE e AT e AP Puty ozt
H-ATPasc®] &4d0] 3hg wA ek BAIN A2 4
E9] H-ATPase & Bt} S7}gto] ¢alA Joh” &, Ul
FAAEo] ohd AEoM e vlo]ARE ATPaseR/d
o] ¥l-g-g-olo] H71gH 50 mM2] Na'e] ¢]3le] Wrlka A3
A9E Bolx Fehrhs Bast Yo F BelEolq
9 vlol22F ATPase] 4L Na'e] EAA 9 &
Al Zrage] BuEAL” EvlESY A9dE Na'&
Ko oJgted FrteE= 84S AA3TH(Fig. 4). o]
AE T EvtES) nlo]32E ATPase /0] Na'o] A
A1 A2 8T+ YLE wAET

K'0| 2|8t 9§ o] H'-ATPase #A4Z7}

oldel Aol Erle Pz o 2RE B o)
AZ24& ATPase 4L 50% o]/Fo] H-ATPasedl] 2]3)A]
vehdg s, 3 Kol 98jA vlo]lazE ATP-
ase FEAo] SIS AZIHGY. 2HBE, YoM B
Q1 K ¢]&74 ATPase &A]1} njo]a 74 H'-ATPase &4
Aol BAAE ZARBL7] $J3te] vlo]A2 % ATPase 84
o dig K9 35 SASATHFg. 5). ©A, Ko gi=
vk2-goloA]e] ATPase &4]2 840+2 nmol/min/mg pro-
tein© 2 #HZF ¢ or}, 120 mM K' ERJAl9E 1,082+61
nmol/min/mg protein© 2 oA 9} 22 Kol 4% F71E
B4t} Zzte] K 5% ZANAM 438389 H-ATPase2]
A A3 A|Q] vanadateE AH2]dIGE o, AL 617+
35 2 792+ 51 nmol/min/mg protein© & F HL R 7}z}
o] tizagel s dojR F&Aol wisted o 27%7}
A=) A TH(Table 1). 3+H, A Fu} H-ATPase2] A3 #

1200
% [ Il K -free
§ 1000 - TJ120mmK
= A
g 800 |-
£ [
E 600}
_8 A
£ 400 }
= A
.% 200
g A
0 .
Con Vana NO:z Vana+NOs

Fig. 5. K*-induced increase in microsomal ATPase activity was
sensitive to nitrate (NO;).

The vanadate-resistant and NO; -resistant ATPase activities were
measured in the absence of K* or in the presence of 120 mM K.
The concentrations of vanadate (Vana) and NO; were 1 mM and
50 mM, respectively. Values are means+SD (n=5).
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Table 1. Vanadate- and nitrate-induced inhibitions in microso-
mal ATP-ase activity under conditions of K'-free and 120 mM

K
Inhibition (%)*

Vanadate Nitrate

K'-free 27+4 32%5

K'-120 mM 2744 40+5

*Inhibition (%): each inhibitor-sensitive activity was compared with the
activity obtained in corresponding control condition shown in Fig. 5.
Values are means +SD (n=5).

SAAQ NOse) AMaA Kol §lE A FHL 574+40
nmol/min/mg protein &2 °F 32%7} A= o, 120 mM
K¢ 33t ukg-g-ofolA 645158 nmol/min/mg protein
o2 oF 40%2] A EHE Y} .

$)9] AT}l A} vanadatedl] 93k nfo]Z 2% ATPase &4
AsfE Ko EA9 BAglo]l AT £E 27%= e}
won, o)A vanadateo] 93X AIEHA P JEZH
H'-ATPase &4do] K'ol| &J3l] 2P Z L H| &2 F
7HIRSS A e Ry oy, NO; E44] A
A e mlo]I 24 ATPase Z4L K'o] glE 2
] 574440 nmol/min/mg protein, 120 mM K' Z 7|4 645
+58 nmol/min/mg protein® 2 UElL}, K* EAA] ozt F
Fharg oLt AT 95%)A s Relx] skt
(Anova test: p=0.16, n=10). ©]& 3} A I} vanadate X 2|2

932t H-ATPase B44¢ AN Fol= K| FQ a7

7} YdEhh, NO; Xl olgk 9 H-ATPase 24 A
sAelE K9] &7t VehbA] 2958 RAET. T
W, NOsoll 9 A3)=l= AEe] H-ATPase E4d0] K
oA &4935dE AT

Ca™of| 2|8t 92| H'-ATPase & X5}

F ma|z R B3 nlola2E ATPased}t nl71R]
2 EvlE Bz o 2Ry Fd vlo]A2E ATPase®™
Ca™ 9JsjA As=HE AS AT -84 Ca”
Erl TNESFE FEY LS AAaEE A Bo(Fig 6A),
1nM Ca” XA &AL 1,082+49 nmol/min/mg protein
o2 BEEQPT, Ca* =5 1 mMolAE 2840] 71220
nmol/min/mg protein© & ZAERt} olAL EvlEe] v}
o]Z22 4 ATPase &4o] 1 mM Ca* S50l ~35% A3
3 HAF.

g, uHg-8-ofol] vanadateE HUFStAES W AL 7
Ca* s=olA t24¥7 FARE Ca* o&4& eIl
(Fig. 6A, @). 2121} NO; 9] H7}A] vanadate § 39+ t}
27 ATPase 42] Ca™ 9|EA]L ZAAHIUHA). &, NOS
2] X A] 50 uM ©]3te] Ca* FEoAE AP <
2L Cael 9% st @7AE #SHA FfoH,
50 uM o]ie] Ca* FxolAE 24T FARH 84
o] ARt Ca* Fxol ut& F&A <] vanadate®} NO;
o 9§ ASAEE ALrs] BH, NO;so 23 F849] A
& dkg-g-de] Ca* Fx7} 1nM, 1uM, 250 uM, 1 mM
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Fig. 6. Ca* inhibits the activity of NO; -sensitive vacuolar H'-
ATPase.

(A) Microsomal ATPase activity was measured at various concen-
trations of Ca*. The ATPase activity at 1 nM Ca* was 1082449
nmol/min/mg protein in control condition. Similar experiments
were done in the presence of vanadate and NO;. The concen-
trations of vanadate (Vana) and NO; were 1 mM and 50 mM,
respectively. (B) Inhibitions in ATPase activity by vanadate and
NO; at various concentrations of Ca*. The data shown are repre-
sentative of three sets of experiments.

2 Z7)3l| wet 39%, 38%, 33%, 21%2 22 AAdE
3L el oL, vanadateo] 93] AdHE &4 Ca*
EEF7) wel gustd Fvkshke A%E BEIATHFg
6B). 0|28 A= Ca”o] NO;ol| oJsjA A= J=£%
o] H-ATPase &4& A& <nshH, Cadl & A3
& 3}9} vanadateo] 2|& A EE FAsithe AL B
Zth.

Ca”ol| 2|3 H-ATPase 849 A aAE ol S 1B
27} Ik Cho 59 sjule}r]e) AF A H-ATPase
g4o] 05~1mM Ca* FF4A & 50% F= A=,
Ca*e] FE7} R eF Ao S/HEE nusiyoh =3
Cho 372 F ¥z oz Eed npo]a2E ATP-
ase?] 7§ FEAo] ~100uM Ca™l] 9J3le] 50% 3]
He 255 R asigch A7) H-ATPaseol] tjgt Ca*
o} 2Hg7)2e X ok, AEFY G =9 T}
WA Ca* &4 @A Qs 548 B43A,
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Characterization of Microsomal ATPases Prepared from Tomato Roots
Kwang-Hyun Cho, Jung Sakong and Young-Kee Kim*(Department of Agricultural Chemistry, Chungbuk National
University, Cheongju, Chungbuk, 361-763, Korea)

Abstract : Microsomes of tomato roots were prepared and the activities of microsomal ATPases were measured in
order to understand the molecular mechanisms of various ion transports. The activities of plasma membrane H'-ATP-
ase and vacuolar H'-ATPase were evaluated to ~30% and ~38% of total microsomal ATPase activity by using
their specific inhibitors, vanadate and nitrate (NO;), respectively. The inhibitory effects of vanadate and NO; were
additive and the simultaneous additions of these two inhibitors decreased the total activity up to 50~70%. The mi-
crosomal ATPase activity was regulated by pH and the maximal activity was obtained at pH 7.4. The activity of
microsomal ATPase was increased by K’ up to ~30% at the concentration of K" above 10 mM. However, the K'-
induced increase in the activity was completely inhibited by the simultaneous addition of Na'. To identify the ATP-
ase activity regulated by K, the effects of specific inhibitors were measured. Vanadate and NO; inhibited total ATP-
ase activity by 27% and 32% in the absence of K' and i)y 27% and 40% in the presence of 120 mM K, respec-
tively. These results suggest that K’ increases the activity of NO;-sensitive vacuolar H'-ATPase but not that of
vanadate-sensitive plasma membrane H'-ATPase since vanadate has no effect on K'-induced increase in ATPase ac-
tivity. The microsomal ATPase activity was also decreased by increasing Ca™ concentration. Interestingly, NO;
blocked the Ca”-induced inhibition of microsomal ATPase activity; however, vanadate had no effect. These results
imply that vacuolar H'-ATPase is activated by K and inhibited by Ca™. ' v

Key words : H'-ATPase, Tomato roots, Ca™ effect, Vanadate, Nitrate.
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