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PR MR BT (TERE REH)
SEARFZEE | ILE —R8 CREERRSE R THE)
HE #F REEAKY ST

BMEE 51, 5 E 8RB Enterococcus hirae IR B O F MU AR T
(Vacuolar Na*™-ATPase) DMEREL T\ B Z &%, H{L%H - 5 FEYZERRITICE D 5
57 L7, Na-ATPaseld 11 kbOKE X TIOED Y A O hSBRE NBF RO
ntpFIKECGABD(HDZ &> Ta—R&ENTW3, —F. m7 )V IUpHEH1 DYEREBE
(6.5% NaCD#f U CHREZ M EZRY 2 &A% EFREOT TOXE OSEFIRFHEL T
HSNTWS, ntpA <~ OVHEEORE - H7))H ) BETOMMEAN', KIBERLTR
DR & U THRET D RTREME ZBRET L.

70 b OEBSLENRT > v )LE (Proton motive force) DFHREMA S DT T
Ok 747 ThHBCCCPEEMT 5 &, Proton motive forcel BB = N 2filAANDK
TOERMTONT, KEOEFNEZDNEZ, TOCCCPHEE FIZNaCleivms 2 2 &1
X0 AEBOEENRES N, £FONaKFEEITH -ATPase RIEA R ZCCCPIFFET
TEELZESCBVWTHEZCHERI N, BHONaBEO LRI > THIIRNK LA
NARERELTHD, KEEICBT 2Na"RFENHAS N x> 2. & 5IZProton motive
forcedE R FIo B 13 24 B ONa kB 13, Na™-ATPase® &¥7 1=y MREFORKE
M. X BiC i~ >k D Proton motive forcell fk7F LAWK ik RKtrllZ 1 — R g
BntpREiE FOBE/K TIZEEIN T, Na~ATPase R UKtrIGR QM RVSEE THD T
E ERLTWD, CATELR—F—&Lkntp7OE—F—RET S5 v RENa'HHE
HNERIC RELTWAERKICEAL, BHNaSBESORELHAN, HERERED
Na'lett L T/ OE—F —HEH#E0ZE LW ER BRI Nz, ntp/OE—F —INa' IR &£
BTH 0. LR LTE< LARY RBRE R 72,

Pl ED#ERIT, Na=ATPasefkUntpA4 R0 O &1, RO 7 )V 7 1) £ L
TN, Proton motive forceR’ ¥ i & N7z &fE THINa T i U TRERICEEIN D
ZOFROVHAK OERREAFHDOAEITHD CTEERFHZZL TND I ERLTND,
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1. WZEEK

Enterococcus hiraeld: BFIREH72 & RAzRBEARE 25 E&E 29BN EEKRE T
Hb, HEEIL ZOEEMEICEBE DT MU UARST (Vacuolar Na*~ATPase) M
HWREL TWB Z L&, BLFH - S FEWZNMITIC L VRSN LTz, RAEIATPase IX
BSOS BB N TR IICHH L. TOh R TE L THARES 2ATPase TH D,
F MUY LR Y TOWRIATPase [ #F THRAIDFE R TH 5, Na-ATPaseld#11 kbd kK
ZXTIMEDOI A RO NSERENBF R0 2 ntpFIKECGABD(H)IWZ k> Ta—Ran
TWwz, —7%. ®m7 )V UpHEH 1D EEIRE(6.5% NaChxt U THEE ittt &2 RT 2 &
N, FEOSEFNEEELTHENTNS, BESIL. 0L S2ERET THIEANa'E
EREZTD T ENKRAENa-ATPase DAERKEREID—DTH B EEZEZTND, EHIZ, &
BEFR RO 2V REE R Totp/t, KEEBEE RKrIOBEZAE<EZI—-RLTWaZ &
ZRL. ZOnpAARD COEREDOEE - & )LV RE TOMAEANa" KIRERSIR O
PIRTHDZEZHASNILDDH S, Na-ATPaseDIEWFRBICE T 284 LT, &
Fldconstitutive TIZ/x<inducible TH V., T OEZRENEMONBE - pHR EICRE
BB L%, EHEHNa-ATPasell T 2HiEZ AW IAY > 70y bk, J—H >
JoOy MEFIZEDRWHL TWS,

ZASHFFT V3R P SHER B OO SR I B I BAIE § S Na'-ATPase(ntp)A X0 > D AR {E

A ETONaBEFICLDRBAFHAN AL ZMATZ I LEBANET S,

2. WIEAIE

2.1 Eyret

J5 PELSH BR B Enterococcus hiraeATCCO790k RN Z OB B2 Hitk & T 2 £1EE Bik.
WD4 (NapA Na*/H* antiporteri {5 F DR ##). Nakl (Na'-ATPaseAY 71 = ki
FEFITE 3 Bpoint mutant). AS25 (FF, H-ATPase ®point mutant) JEM2 (ntp#+ X O
KR OntpE & F DRIERK), 7683 (Na™~ATPase & NapA Na'/H" antiporterii B+ D
double mutant) Z AV 7z,

2.2 EE

NeEEW T H HNaTYEH (10g of Bacto tryptone, 5g of Bacto yeast extract, 8.5g of
Na,HPO,and 10g of glucose, per liter) RUKTYHE# (NaTY#5#DNa,HPO,D K D IZ
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10g of K,HPO, 2 NA 7= D) . TE2EMREHTHATrsMEEH (1) Z2HWz. BOEF
13540nmORIIC L D Z DEEZRIEL .

2.3 Na'#giEoRE

FTNENOEMTERE LR E2NB0EET A TERE L. 2mMMgSO, T2 Bk Lz, £
D%, 400 MM KCIZEIMEBIRICHEE L. 20 mM *NaClZ2 il T, ZRTHAR<ED
1 EFfLL kincubate 3% Z &1 X D HIfEPIC®Na" 2 &R/ L 7z, 10mM )V I— X 25N $
LK VBMBERISERB L. —EORMERTY > TU T L., BOBEERE T« )
& — BNV O—ZT 4 )& —  RY YA X0.450m) LICED, EOBBICANWIRE
WT2E 74 0VY —2HELiz. 7405 —EOPNaDBSEERKE S > F L —2a >
A —TRE L. 44 77 —REERMT 225G, FIVI—AEHMT 555 &
IEsnL 7z,

24 CATZELAR—F—&Ulkntp/OE—F—FRTI5AI v FOEH

LntpA RO 2FTHIAI Y RpKAZ1I19& D, TOE—% —@EPntp 5 ¥ FE =
FTd BntpFE % & OECOR]/HindIII 500 bpii 2 810 L. pHY300PLK (CKMGE &
enterococci& D v bR % —) IZEA L7z (5.3 kbpHEex) . PntpD T iRICH 5
BamHI, Xbal#ff7ric LR —4 — & LU TCAT (Chloramphenicol acetyltransferase) &=
FEEAT H/HIZBamHL Xbalfffiz 2 AN/CATE{ET ZPCRIKICK DHEIEL . pHEex
CERE L7z (DHEexCAT) . ZDO7 5 A3 RENaHEHEMED ZTLITREBL TWBHR7683
IZelectroporationifIZ K> TEA L7z, ZEICKIVDAE Lz, PntodFEI, MM tH
5 T DCATYE MK UHERINa~ATPaselt U TR U 7zhifkic & D @b #a0ICHER L 7z,

3. WHiRER

3.1 Na'fEHIz B B Na™~ATPase D& Z| .

KB DONaPEHi % & LU Tid. Na'-ATPase’Z 13 Tld7/x <Na'/H'antiporterb £ 5 Z &
ZTTIRLTHED, TOEEFHI/O—Z2 TN TS, Na'/H antiportertd iz i
2NTH70 b OBLRULERRT > v)LE (WD S Proton motive force) ZHE) 7
&L TNa Z A~ 2. FEIIFRARDEEL TWRWRBEOHMETH D, F
RIMIE I B W CATPE REESR & L TEI< F,F,H-ATPase 7’0 h iR > 7 & U THREL .
MRk o 70 s > ZHEH L TProton motive force 29 5. HRETREIZDOTO N >
R TIEEpHARMERNCH V. BUEREOHTHIET S 2L THD., pHI-1072EDH
7 )V 1Y) BiEE TldProton motive force MFEITII R SN2 NI E &2 T TITHALNITL T
W3, ft->T. XEOMENE. 37205 Na O 1 3B 52 8 TldNa'/H" antiporterlZ &
LEE. E7IVAYRETIINA-ATPase il X B 55l S Nz A BBENHEEZI NS,
Na'/H'antiporter? 32— R 3" % napABinF OBEBHRWDAL O £ F I KIE 9 #ipHIC K 5
EEERANE (Fig.1) . #3100 mMNa*' 28O TH 5, FHKTH SATCC 9790
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9 11 3

BRATDHEM 5 10125 3 54 pH S T ABT 5 DITH LT, WDk b2 Hhic A 5 s 13 i
WHDD, EESRHTHORIPEERETH 52 E0Nbho/z, EHROEFTHEEIZTWDA%E Na
TRZIEHTEEL ZHBEICHBRIN. DI L1dNapA antiporter 1348 O Mt M 12 4%
TUBMBATIERNWI LERLTWS, Escherichia colidy 5 W idBadlilc B W TE D
Na'/H antiporter M #aE L TW5 Z EMBASMIINTHE V. NapAlZE 3 Santiporter
DEETESRHTHAEL TWDTTREENEZ 5Nz, TI TN RZEMTEELFES, T/
HBNa'-ATPase DFEF VM S N TN B LM BT 2Na OHEHTEE 2B L 7~ (Fig. 2).
BHRD 9790 TH R TN BNa'/H' antiporteric & 2Na #fHi#& 1 (Proton motive force ®
a7 Ob ) 737 HNEETMAS EAEINBNa i) NEEEhB DI LT
(Fig. 2A), WDABETIINa fEHiidIz & A LB I iz o 7= (Fig. 2B) . —F. EetEs#
TTHT NS FHONaBRE (10mMERE) & LRI WEHE. FEHKITI0ICBWT
Proton motive forcel &7 L 72 \Na‘ B HifE #. 5725 Na™—ATPaselz & 2 Na‘ kit
gan/z (Fig.2C) . LALDOKERIL, &EICIINa'/H antiporterSEEHEEEL TW A D 1T
Tld72 <. £/ NapAWMERERICEET b Nb 5T, Na-ATPaseDFEIC LD, 7
B CIINaBEH B EBNITbND Z L 2RL TW5, —HNa'-ATPaseD RIEBZE E#Nakl
(Na'™-ATPase DAY 7 1= v ME{EFOpoint mutant) ZETIVA U KETIIETTE
VWi(Fig. 1), ERMEIRIE TIE500 mMNaClOEIERGTHAEBENEETH D (2). T DBEH
fAP ONa"JBEE L X )VIidNa'/H antiporter® @) Sl k> TIF S TW B 2 Enbn 3,
DLk D#ERIIAE OME I D 5 Na' @ HE I Na*~ATPase 2 .z frbnTH 0,
Na'/H'antiporteridd < £ THEIMR&EE 2B TNWB I EE2RLTWSA),

3.2 ntpA 0> DOAEBIEMR

AEIINa"RZEH (I mMEAT) OFRETHEETRETHD. Na Db T L bEFHD AR
WA TIIRWZ ERERHINTVWS, LM L5 7ER &3 DldNa™-ATPase operon
13Z DG A b0 > & L TProton motive forcelZ &7 L2 WK Bk RKtrIIDE#%T= A
WE<EZ2I—RI2ntpleaE L TNDIETHD., 2D E1INa*-ATPaseA RO > DFEH
CFEICNa OB, THEMICES L TARET TR, MIEAKEERGIC b FRICEEL T
W5 EEZ 5N 5, Na-ATPase D RIEHRIIT IV etf TiE. $EHINaBE OB WL T
IZEFTERN, IO EITEEN & L TOProton motive force DAL E DEFH D AW A
FHEIN, ntpA 0O idProton motive forceMT AR S 172 WERETF TONa'. K
ERGRELTOBMENHTE SND, Na'RZOTLEMREMEANWT. £FONaKE M
Z#~Jz (Fig. 3). BFAEKIIIMM LA FONa', (KBEK' (10 mM) $&4F T HHIAEA 12 #9400
mMMAZE DK ZERE L. HBHEENR S NJz. Proton motive force DR 22 5728 1T
7O/ 747 ThHBHCCCPERMT 5 &, MIRNAOK OERBHMA SN, EEMER
bhjz (Fig.3A) . TOCCCPHEFE FIINaCIZHEMT 5 Z LK DEEDAEEDEIED B
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22X N/=, Proton motive force SRS NANGRHET TDER ONa K FIEIIH-ATPase
RIBERMZ CCCPIEEE F THELZHAICBN T ESICHRE N/ (Fig.3B) . ¥
HONaBE D FFICiE> THIARK LV ERLTED. KERICBIT 2 EHINa k77
PEASEA 5 M TH B (Fig. 3C). & 51ZProton motive forceIFF L FICBT 2 EEH DNa ks
13, Na-ATPase® &Y 7 1= v MEfE FOBER. & 512dntp) (Ktrl) EinT Ok E
HoidERIN T, Na-ATPasek OKtrIR OB ENEETH S L&xL T3 (Fig.4) .
WTNOHEED, BHICHBEOK ZRMT 2 I LICXDEFIEIEEL .

Ll F DRI, Proton motive forcefEmk F TDONa'~-ATPased R 0O > DB &E M EE K&
D7 VA HICED < Na B AL TH B DIkt LT, Proton motive forceMfEpk &
NIV T TR OKEEDORLICH V. ntpAd R0 MR THAE DO AT EED
BEZLTNWDZERLTVNS,

3.3 ntpA R0 I

BIEESHEE & L CnipA RO CORBRENEDO LS BEEATITONTNDENZHS
AT BFEBEDEL T, CATEMZIEEE L Cntp7/ OE—F —EHICHT DIHERIED %
BEFNT, BITHBRAON OERNEEEE X 5. pHEexCATZENa HEHE £ £
T RIBL TWAZ BREET683ICEA L, HHNaBESOREEM. HRELT, Wit
Na'icxt U Tl EBEDLEETTOE—Y —EHEOE LW EENEEENZ. L L
BRSLITHLTE VAR AERET, TR LICNa KRB TH D Z E0bh o
7= (Fig.5) »

4. BE
NapABGEFORBEOEESRMFICIVZEI N, Na'. LIBEOR WRHETEORENE
LW Z EANorthern blotting7z E 12 &> THISNT WS, LA LR SLL EDHERI.
Na'/H* antiporte BB EFDFEE L D HNa-ATPaseA RO > EETFOREDHANaRE X
Lz & DIFREIHR L TR0, MIRRANa I 3§ 2HFREDE I —N BN TS aTRE &
RLTW5, Na-ATPaseldiik A 4> & L TNa R UOLIICx U TREBROBMMEZET 5
Tl %, RERBERERTXDATPIVKSMREN. RO OBEEELDHASMILTND,
BERAK DN /LMW T NICORREZET 5010, T O'ET OFBICE L TidNa' I
BEMTHSEZ 1. NatE D bOL ALTOE> M REENBNEEXL 25 1 5 LHAKE
W, —H. Na @ AN EBAF &L THO L OfiER EER L TRERYT 2EBEMAN
N0 H LT, EHEOEVLINIHEA A ELTOBEFZAIC NI LZ2RIR
LTWBOMS LI (4. |
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5. SBROMRE

ntpA RO FERBRICEAD S AGEERF. Na v —7=AEKE423—RT238EFDO Y
O—Z I RRBORETH 2, LBOHER., T/2bbnipA RO ORBEANa KL T
BREOTHD I EE. VIV URETIILACKT 2FMEN 4RO 2RI U WE D [E 5
TERNWIELERLTVND, BIEAE. LI'SHZ2EN T 22RO I —&
HOAZ ERENELIZOONEEND ZENFEINSG, LU —BAOEEKD
HpEz iR L T, BTENa-ATPase DREHE AT 2 A5 > 70y b THERAL 225 HEFEL
THERDOEBEZRHDA TS, —F, TOE—F— LiROEEH#EICEED 5 DNARSIZ %3
57 T4 2454 — N5 L 0% NI S5T 4 —PSouthwesternikZic & 0, M IC
b BDNAKSEHEDRE - BHERA L TFETH 5.

g&l
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Physiology and regulation of vacuolar sodium pump of Enterococcus
hirae

Yoshimi Kakinuma
Faculty of Pharmaceutical Sciences, Chiba University
Ichiro Yamato and Toshiyuko Meguro
Department of Biological Science and Technology, Science University of
Tokyo

Our biochemical and molecular biological studies have revealed that a
vacuolar sodium-translocating ATPase functions in Enterococcus hirae. The
sodium ATPase is encoded by an 11-kb ntp operon: ntpFIKECGABD(H)J.
Enterococci are extremely tolerant to high pH and high salt among
streptococci. We here examined the significance of the ntp operon in
homeostasis of Na* and K* ions of this bacterium under these severe
environments. Potassium accumulation via the proton motive force-
dependent potassium transport system Ktrl was inhibited by a protonophore
such as CCCP. The growth of this bacterium was also inhibited by CCCP in a
K+*-limited medium. However, even in the presence of CCCP, the cell growth
was recovered by addition of NaCl in media. Sodium-dependent growth was
also observed by the FQF1, H*-ATPase mutant AS25 in the absence of CCCP,
and the internal K+ level was recovered by increasing the external Na*t,
suggesting that Na¥T circulation is important for K+ accumulation of this
bacterium at the limited proton motive force. Sodium-dependent growth was
not observed by the mutants defective in the Nat-ATPase subunits or the
NtpJ K+ transporter KtrII which is independent of the proton motive force.
Finally, the promoter activity of the ntp operon was examined in various .
culture conditions with a plasmid harboring the fragment of the nfp promoter
region linked with the CAT gene as reporter. The ntp promoter is specifically
responsive to Nat but not Lit+ ions. The nfp operon is an important one,
containing genes that encode transport systems of Nat and K¥ ions.
Functional expression of the ntp operon is indispensable for physiology of
this bacterium, especially coping with severe external environment.
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