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%mﬁﬁ 0121
it &7/7n~7ﬁﬁﬂﬁ®mﬁ&kiﬁw%~ﬁm BT AR

BhpRIFZeE « FIR O (BRROKRKFRFHEFE)
SERBFZEE : B0 30, SASRT (IR ORI FRFEZEH)

I X A BEE, —ROBEMOEEEZ S KT 5D, Thb DY~
MHEMAEREEN TS, E&5 b, BKFIEE L TWAv 7/ a—7EMICE
BLTIhbOBESBESTEMNE (b5, FEl) OWERTTHEONE, <
v u— TSR R REES Z EICE VAL NICT S B TR EED T
W3, MEBR D ORI DA IRRE T, RBEFRTWEOEEH, HEOBERICHE
WEBRT RV —RUREL INAR, w7/ a—THEYCIE, —ROED XY b3
BOLNWZRLF—RMBN TR TWBHRENRH D, SEIOMAETIE, TEHE
BHEE L TCWA v/ o — 7 ORI L VT, MEERICET AR EIT o,

v /L ¥F D Bruguiera sexangula OIREEEZEHIEIX, ~ v 7 n—THEYOFHE
ENT-ME— DEFMEE TIHEEZHERF L TR Y, o FAEWFER, £LFERFEOM
BELTTSNEBDTHD, ZOETIE, 20~ a—TMOMHER Y HE
MWW =F=F 7 (Catharanthus roseus) ZEMEOL DL L, B
wm@wa@%%ﬁ@¢ﬁ?%g#E%EMtEgﬁ%m%ﬁﬁ%ﬁwfm74~
NVOFERIL, C. roseus Db DITITIFFHLL TW D, 77 b—A2,6- ERAJ
&mzwmmv&»ﬁﬁbfﬁw:& RERORBEH EIIBTARAE I IVY b ¥
F—F¥ (PFK) OEMEREL, ZORBGONA RAFERTH IR VBRIKFOESR
(PFP) DIEMEIHIER R EIEVA A DAL, CAM FEY) O PFP IEPEIL F2, 6BP FEKFFMET
» 5%, B.sexangula Db DI, C. roseus  PFP & FIHRIC F2, 6BP (RIFIETH Y |
Ka fE1X. #9 10 M ThoTr, F/n. PAEVEFFT—BRL, TONANRNIRETH
BRAKRT ) —VENVEVBAIVEF VT B, BmOEEER L, ZOMIX
100-150mM NaCl 7ZfE F CABRARETH 5, FEHEMAAIC NaCl %5 2 72 E B ICIER
DEMNRD LD, ZOREOFHEYOEEI N B, PFK OEE D Fine Control
IZ & BEMALDSRIR Sz, —F7, 100mM NaCl f7E T CF CroMiaTid, HER%¥
T, PFK, PEPC, PK @ L~V RRD 2-3 2720, ZHOEIC K VML Z L
PR ST, fRERDEEERDMEEIZ OV T bHE Lz, B. sexangula @ PFK &
PFP 1, 150 mM ¥ T NaCl IZ & V&M k&4, NaCl iz kY FRE &N D C. roseus O
BEsE L KT B B & NTE S TV 2, ARBFZEA>5, B. sexangula DfENETR
DRSNS DDA S =03, T, B. sexangula OfEFER DEERDBMEMETH
BIEH0 TR, BT VIEEILEN D Z L BEREN, SH%IX. ZLD OBERIZO
WT X VBRI ZITV., BE OB OBESE L OFBEWVWE S F LV THLMNILE
v,
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BREE  FR OH  (BROKEKFRFRFER)
HRAFRE B X $AENT (BROKZFRFEFHE)

1. HAEB®

T L AWMEIT, —BOBEHOEEE ST DD, B OME
ﬁﬁﬁﬁ%iﬂfbéo%%6ﬁ,%KWK&?LT%%VVfD—fﬁ%K
EELTZMEwﬁ%ﬁ%OWE@(%5WM,ﬁﬁﬁ)@ﬁgﬁﬁﬁ%5®
g, w7 a— 7 ECERE RRERERD ZCICLVALRIC Liznwe®E
2TV, EWEOBESEMENAEBRET, BEERGDEOLEAKS, &
DHERICHENWSERT X AVX —BRUREL END R, v v Sa—T7EWTIL, —
BOEHE D BHEDO LN RAE KRBT 2D TVENE 59 ER
NRAE TP ITEEEN. SEOMETIE, MEREEFL VNI TY BT D
B VT BER. X7 LEF FRE, Ty U0 v a R EDER
SR AR R T o T, EHOMERIT, —ROENLERDRBDD,
7 L %13 ATPHK7E DPhosphofructokinase (PFK) ®iEA:MZ, ¥ b VIOVIZiL,
v Y B (PPi) #2729 PPi: Fructose—6-P phosphotransferase (PFP) 23 7%
FELEY . RAKT ) —LELEVEINERS T =R, BHERO/SA A
BEELLTBOEY TS (Fig 1) , S 2T, vv 7/ a—7 DEERICOV
TORREZHRET D,

2. IRAZE
2.1 REMH

v VX B0 Bruguiera sexangula (Lour) Poir. (FA% + A3 2t Vi SN S e = N
OoBh s X)) OREEEMEEERHEE LTbb 0, I OMERIE,
mewma@%Eﬁ%@%éz@%m%\zﬁﬁ%ﬁiamiD%iént%
DT B, EHIL. Thompson DT I BE#HE —HHELILDDIT, 3% A7
H—2_ 2.0 uM24D, 0. 02 uMAPURELHDEANT, iR 27CORE
CHEL 5823 % L (Kura-Hotta &. 2001), 55313 300ml @ Erlenmeyer 7 7
221750 ml DEEMEANTR 2ok, MEOEXKEIT. BF. 21 8H
o, AEE. $500mg (5 ml DEEREFANTIToR, WVWIOPORR
Tk, EY R EE D NaCl &8 HIC i 2 7,
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kinase||~>~ATp ;
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¥ enolas ST N enolase
\vacuoLg| °molese 7T L
~-4------ PEPZ . pgp ApP
PEPZO g s PEPC T OpA . PR oate
PEPasa{ 3" PRI NADH ! PK
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Respiration Biosynthesis

Fig.1 Glycolytic pathways in higher plants (Redrawn from Plaxton, 1996)
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2.2 SEEDAE

Ml RKE I 7 7 A E TR AB L, FREKTHEL T, MIE» 55K
EWMOEBRE, ASBMTKRTEZROVTOOFELR,

2.3 ANV EBEDOREE

& Xy EDEEIL Bradford (1976) D AFEIWC L VITo7, Y7 /IiZ CBB
BRERRAE (FHTATAZHE) ZEEZH%. 590nm OWHEZRE LT,

2.4 BRoOmMH

BREOMHIZ. T XT4CTITo, £EE 1g OMIEIZ 2 mM MgCl,, 1 mM
EDTA, 0.1% 2-ANVHTF R F )= 0.5%7 Aa/LErBEaEt S0mM A
I &Y —)V-HCI buffer (pH 7.6)& 2.5% PVP 22X CTH T AKETF A ¥ —T
4955 L7, homogenate % 20,000 x g T20 R LZBEL., EEEZE—T—
WL, AZ—5—THEBEBELEND., 80%FIZ/2D L 5 I/ < B B
M7= ED LT OMAz, SHICI0SMEML, L N7 8
%, 20,000g T 10 @O LTED, #EA buffer IKEMN LT, Thz, &
BERIZCHAWS buffer TH 55 U FM{L L TRV 72 SephadexG-25 T 7 A
(PDI0)THLHE L BRI E L. EBICREICHV,

2.5 BRELEOME

fRYE RS OJEM L, Nagano & Ashihara (1993) @ 55T, NADH o1k,
HAWIZNADP OB & H v /S8 T, 340 nm ORI OHEE TRIE L 72,

2.6 XV LAFFEDRE

AEE 1g OMIITKE Lz 0.4N BEER (PCA) 2MA T, FZAKREY
FAPF =TTV 25L7%, 20,000xg, 4CTI15MELFBEZTRV, HoN
- EED S S 0.5ml & 0.4 MPCA CEHL L7 = =/ (CsHs) SPEH T A(.T.
Baker, Phillipsburg, NJ, USA) IZD#., 0.4% PCA 4ml C¥H L7z, ZDHEL 3
HEVELTELNLEBEHERADLY, EREEZEBEIEZ, PED 20mM
KH,PO,-NaHPO, #2E® (pH 7.0) W% » L, HPLC AL Lz, X7 vAF
R OB E LB A A4 53 #: Shimpack WAX-1 4 T 2% & U 2172 HPLC TIT72 -
7o PIEIX Ashihara & (1987)DFIELHE - TIThRo T,

2.7 BEZGEEME Fructose-2, 6-bisphosphate (F2, 6BP) OEE

fENE R T EEY & F2,6BP O & E &1L, T £ Kubota & Ashihara (1990)
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B L " Ashihara (1986)D F{ETITo 72,

2.8 B (BREI 0fE

RO RETR 1L, Li & Ashihara (1990)0 5k T

3. HREBE

3.1 B. sexangula HHEEMBROERE

100 mM D NaCl DF HEDIRFE T, B. sexangula DERE%

BEBVWTHEEL-,

FA~7z (Fig. 2a), 1E %

MEH, N1 EEBRECTIIBRRONDIN, T0%., IHEEICHIE O BEFER
b5, 100 mM NaCl FFE T Tk, HBEOREIW I XA b2, AL
MBBEND, SRELTHWE C roseus #IETIX. 100 mM NaCl % 55 #1120
25&, REEZBENSL DIV, MEIIIEE LT, B sexangula DEEEHT=Y D
AEEZ R EEX, BE 7 BRUETIE, BEX PLRICEVENAA LN

7o,
4r (a) Fresh weight z(b) Protein content —(c) F2,6BP content
—O— 0 mM NaCl
—e— 100 mM NaCl
3 =
=
[T
=2
5 2
g2 £
= a
@
©
L ;
o
1

Fig. 2 Changes

in fresh weight (a),

Duration of Culture (Day)

soluble

protein

content

(b) and

fructose-2,6-bisphosphate content (c) in cultured Bruguiera sexangula cells grown

with or without 100 mM NaCl
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3.2 B sexangula BIKEEMBOBRERTE~DEHOEX FLAOEE

— R R EY DREERICB VT, in vivo TlE, 1 & A & ORS B FEIZT
RIETHBIZH LT, 2~3 ODRIGIFE LS FEI» SN TBY . £OFEFER
R METABECI - THEEREEFORGNITONDLEEZLLND, B
samwh@%%ﬂ@@%%%?ﬁ\E@ﬁﬁ%ﬁ@ﬁm#%%&ékﬁﬁ\w
SOMDERAKREHOMPBLEFRE L CERENICEBERGEZLED, MIEADF
MEHEFRELE. ThODFHEHOREN LERGOEEFRLZEH
L. B4 DEZED invitro KR ITHEEEH LR L L Z A, BEXED—K
DEMTH B C. roseus D¥A L F U X 512, Hexokinase (HK), PFK & Pyruvate
kinase PK)D IS8, E L TEH HiX TV iz (Table 1, Table 2), T B D .
FEERIX. B. sexangula B W T HEEROAH AT —ROEDDO LD LRESE
bOLRVWIZ EEREBLTWS, Table 1 IZ1%. B. sexangula #lE% 0 mM NaCl D
BEHIZ AR 3 BIZ, 0mM 38 & T 150 mM NaCl 23 LT, PPl (BRR %)
b MERORFYOELHBELIZ D TH D, 150 mM NaCl DFINT LV,
FEIR 23 40%BEN L. SEER O RBY O EDEB N & b 5, NaCl #iMAE Tik,
fREEZ DD DEPED R T D Glucose, Glucose-6-P  (G6P) . Fructose-6-P
(F6P) D B & T U o RH % T&H D Fructose-1,6-BP  (F1,6BP) .
Glyceraldehyde-3-P (GAP) . Dihydroxyacetone-P (DHAP) . Phosphoenolpyruvate
(PEP). Pyruvate QMR RN, DI LiE, HITL Y, F6P & FL6BP D&
BT o AL —N—nNR 5N, PFK 5 W&, PFP OBEET 3 KGR HEIZEY
EHbEnN-ZZ2RLTWVWS, MERORKGCOEEMFALIZ, 150 mM NaCl
c_:; D, FhEh, 10fE 2 BITEMLTVWS, Z0EEEMEIC LD HER
DEMACIL., BEX U VBEDOEST AT Y v 7 2HEIC X D Fine control 12
IBAbDORKRTHBEEEZLDND,

Table1: Comparison in the levels of glycolytic metabolites in Bruguiera sexangula cells
cultured with or without NaCl.

Metabolites Content Bruguiera sexangula Catharanthus roseus
(nmol/gFW) 0mM 150mM OmM
Glucose : 7670+270 2630+50 10500+£2400
G6P - 17626 45141 337.1£13.4
FeP ‘ 46.1+5.4 19.242.7 58.2+1.0
F1,6BP 11.8%1.5 18.8£0.8 31.8+0.2
GAP+DHAP 31.1+7.6 37.5+10.6 30.6x1.7
PEP 55.1£15.6 69.8+10.4 28.1£5.2
Pyruvate 35.846.5 44 14£2.6 31.0£20.5
ATP 183+15 42.2+0.4 159.8+10.0
ADP 46.4+13.3 27.7+4.9 35.6+2.0
PPi 10.2+3.8 18.8+3.8 71.9+10.9
Pi 652+6.6 447129 5680
F2,6BP (activator) 1.9 1.3 0.04
0, uptake (nmol / gFW { min.) 514 724 —

-237-



13 | 15 3

Table2: Comparison between I' and K, for the glycolytic reactions

_ Apparent Mass-action ratio (T")
Reaction SR, :
catalvsed by equilibrium  Bruguiera sexangula Catharanthus roseus
ysed by- constant (K.;)~ OmM___150mM 0mM
[GBP][ADP]
HK [GlucosellATP] 4700 0.006 0.011 0.0071
[F6P]
PGI (G6P] 0.42 0.26 0.43 0.18
[F1,6BP][ADP]
PFK [FGPTATP] 1200 0.065 0.64 0.12
[F1,6BP][Pi]
PFP [F6PIPPI] 3.2 6.3 13.0 1.9
[Pyruvate][ATP]
PK [PEP][ADP] 11000 2.6 0.96 5.0

" Estimated concentrations of the metabolites were calculated from measured amounts on the assumption
that cytoplasmic volume is 5% of cellular mass. Cytoplasmic Pi concentration was estimated as 5§ mM

from the NMR studies.
HK, Hexokinase; PGI, Phosphoglucoisomerase; PFK, Phosphofructokinase; PFP, PPi:fructose-6-phosphate

1-phosphotransferase; PK, Pyruvate kinase.

3.3 B sexangula BEBEMBOBERIU~NOEHOEI FLADEE

EHOBA VAT, BRIV RIBEDER. S ABEEOCETHN
ERORIER L 25, NaCl Z & E 2V CHEREEE LM%, 100 mM
NaCl Z2ZLRHICHE L, BEROAGEROELLEH 2T (Fig. 3), =2
TREALERIT. BERORNOFRE SI2E 535 PFK & PFP, B F0HE A
ICB5 35 &L b D PK & PEP carboxylase (PEPC), %2LIZ, Plaxton (1996)7
A5 LTWASZ &R LTS PEP phosphatase (PEPase) Td %, PEPase IZ
DVTR BEEBITYA V0 pH TH D LHB SN2 pHS5.6 & 7.5 THE
Lic, £EEHEVOBREEO 0 7 4 — 1T, RGN CIX. HOFE
PP LFTITEERICEML, 72D 10 B TRRKEEETR L. ZOBRED L
oo HEEBH TR, —RICEBMBEOEENE VA, ZHIXFEEY vy
BDONE—rE 3F—HLTWS (Fig.2b), M#H T, —AIZ. PFP &M
PFRIEMEL U & <. Black 5 (1987) i, PFP IZBREEDISE T 51 bW 5 “Adaptive
pathway" DERTH 5 & LTV BB, B.sexangula TiXie L5 PFK OIEMED 7
NaCl FE T CRWEEER L, B2 NaCl FETOME TiX. PFK O F RN E W
EMELZHERF LT\, PK & PEPC D L~_LiL, IZITRETHY . NaCl BETFT T
M L7, PEPase V&MEIX, pH 5.6 TpH 7.5 LW b BVWMERF L=, HEICHE
T 5 L BN 5 PEPase {EHEIT, WAL T T, PKRLPEPC XV BAro 728, =
NRBERICEE T 2T L0 MR 2 &= h0E 7 572\, PEP #% PEPC |
£V R S B HEITIEL. PEP—Oxaloacetate—Malate—Pyruvate DIRE 13ME <
ERbon3 (Fig 1),
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, L PFK PFP 13

2 r 12
1= 8. 1
Ol 1 { 1 1 L I L1 1 0
5 L PEPC ;

Activity (nkat/mg protein)

| PEPase pH5.6 | | PEPase pH7.5

| | ] | 1 I 1 | | 0

0 5101520 0 5 10 15 20

Time of Culture (Day)
Fig. 3 Changes in activities of PFK (a), PFP (b), PEPC (¢), PK (d), PEPase [pH

5.6] (e) and PEPase [pH 7.5] (f) in Bruguiera sexangula cells cultured with or
without 100 mM NaCl
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3.4 PFKB XU PFP FEMIZHE KIZT NaCl DEE

B.sexangula DERVMHEBEMZESOE I 2R TFHRBZ=0DIC

. PFK & PFP %

Bz oE (30-60%8aF0) (2L 0 REEEBE L T, NaCl BEIC ct LEMEDENE

FANTo, B.sexangula DR L R FIET, BERZ
M, FEHRER Ui, Fig 4 lCR L7 X 512, B.sexangula ® PFP & PFK
—F. C. roseus DEEEZ T

mM ¥ TOD NaCl TEHEIER A BT,

N

YD C roseus DEEZ R E
X, 150
100 mM NaCl

THESNZ, Zhid, v 7 e —THEYTH B B.sexangula DERITTE D
BT, DLABRICEAESELEFRTEVIEEHIEETHD, L.
ZNETRTOS 7 —=TRBIZHTIITE BRTIE 2L . Avicennia marina (&

VX <) D PFP <= PFK 1Z. 100 mM NaCl }
1997) DT, FEIZ X 5 PFP °PFK DB ICEVWRH A LD L Ebh B,

200
(a) PFP

150

100 ¢

PFP aclivity (% of control)

NaCl (mM)

(b) PFK

NaCl (mM)

200

150

100

50

PFK activity (% of conlrol)

CEVEEENS (Ashihara et al.,

Fig. 4 Effect of NaCl on the activities of PFP (a) and PFK (b) partially purified
from suspension-cultured cells of Bruguiera sexangula (@) and of Catharanthus
roseus (O)

3.5 Fructose-2, 6-bisphosphate (F2, 6BP) ™ L~ )L & PFP @ E AL

F2,6BP i%. B D PFK DOFEMALEI & LTER S iz,

BEYH T, BRET

PFP DAL & Fructose-1,6-bisphosphatase (F1,6BPase) DI EXI & L TE < 7= 9.

RVERRCA 7 v — 2 EROFHRF L2V 5 3, B. sexangula M F2,6BP &
lg ABEEH7Y ., 0.1~3.0 nmol DEFE TLEET 3 48,
DIEENH. in vivo T PFP &ML

L& T B (Fig. 2¢), F2,6BP EED

NaCl 4L |2

=

J:DA__

- By 8%
‘— = ia

=Rk

ETHEIDRERADD, PFP & F2,6BP REET BV A F VA RNMEEL KD
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10%ThHaERELTCHENEBEZEH TS L, 1~30 pM &725, —JF. PFP
D F2,6BP IZ5t3 5 KafE (BRARTEME D5 OIEHEZ R T DITHLER F2,6BP DI
E) 1. F10 nM Th b, £V, FEIA F2,6BP IEEIEL. KafED 100~3000
=5 < . PFP X DRIC F2,6BP IC X VEMILIL TWE Z L AFRRS N, HBE
AR D F2,6BP LB D RZ — 1%, C roseus Db D ELTED | BEEEL
W OB T B, LML, C roseus DFE. ZRKOE—7TH 1g£EED
720 0.5 nmol TH Y . B. sexangula @ F2, 6BP L~V —fR DFEMIT LR Tim
BB PITENT,

4. TEHESBEBOERB

Bruguiera sexangula DIREHBEMILIT, ~ v I —THEY P LFHFEINT Me—
DEEMBER CREREZHEE L TR, S TEDFEN., ELFENFFROME L
LT <hELDTHB, ZOBERTIR, 20~y 7 r— 7 flanEER ok
W% T T T2\ Catharanthus roseus D5 & LR L 72, B. sexangula O
BEZOHEEDEN BN EEERLSCEREREO 0 7 4 —VORER
X C. roseus Db OIIEIFEE L TWEN, 77 h—2R 2,6-EXV B
(F2,6BP) D L~ ABEDH THEWZ &, BERORAERICAEST DRART VT
k% F—¥ (PFK) OEUENEL. ZORBONAL NSABRETHLE R ) VRRIK
CEOBEE (PFP) OEMITIEW R EEWA B b, CAMAEY O PFP & 413 F2, 6BP
IEEEMETH B, B. sexangula Db DX, C. roseus ® PFP & [FAERIT F2, 6BP 1K
EMTHD . KaflEiX, 910 oM Thot, £k, ELEVBIFT—ERL, £
NRANRZRBTHDIRATT ) —LELVEVBILVEF VT —EIX, mWEHE
R LT, Z O, 100-150mM NaCl FAE T CEENAIRETH D, BRI
= NaCl 25 2 7= ERICFER OEMRERD b b, T OREOFHEYDRE)D
5. PFK M B[ Fine Control 12 X A{EMALNRME Sz, —F, 100mM NaCl
HFHETFTCE CRMIA TR, B&E%E T, PFK, PEPC, PK O L~V 3D 2-3
BizRY., CAOREICZVEMT A Z ENTRINTE, MERORER O
Bz oWT et Lz, &= Th5 PFK & PFP X, 150 mM FTONaClIiZTL?
EEAL ST, C. roseus DEEE LIEITXTT BISE N L DITE - TV,

ABFZED B . B. sexangula DIESER OBERDMEMETH 21EH» Y T2 EIZ
IVEMESRBZERELMTENTZ, SBIT. TNODOERIIONVTELY
MR EITV., BEOHEDOBER L DENVE S F LUV THLIZ LI,

e

KFFE TRV . B. sexangula B MIAITE B & F R FEFE =AM RS
BEESNELOTHD, BOEHALEFET,
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Salt Tolerance and Energy Metabolism in Cultured Mangrove Cells

Hiroshi Ashihara, Aya Hashioka and Mihoko Suzuki
Metabolic Biology Group, Department of Biclogy, Faculty of Science,
Ochanomizu University,

Tokyo, 112-8610, Japan

As the suspension-cultured Bruguiera sexangula cells have tolerance to
salt, these cells are useful materials for the biochemical studies of salt
tolerance at the cellular level. In the present study, we characterized the
glycolysis of these mangrove cells and compared them with those of a salt
sensitive Catharanthus roseus cells previously reported. The mass action
ratio (I') of each reaction step calculated from the cellular concentration of
metabolites and maximum catalytic activity of each enzyme of these
mangrove cells are similar to those of C. roseus, except that activity of
phosphofructokinase (PFK) was higher than that of pyrophosphate
dependent phosphotransferase (PFP) in the mangrove cells. In contrast to
thee PFP from CAM plants, the mangrove PFP activity was
fructose-2,6-bisphosphate (F2,6BP) dependent, and K, value for F2,6BP was
10 nM. Significant activity of both pyruvate kinase and
phosphoenolpyruvate carboxylase, an alternative enzyme for glycolysis, was
detected. When mangrove cells were transferred to the culture medium
including 150 mM NaCl, rise of respiration was observed. This may be
caused by the “fine control” of PFK. In the mangrove cells grown in 100 mM
NaCl, the activities of PFK, PK and PFP were 2-3 fold higher than those of
cells grown without NaCl. While, no difference was found in PFP and
phosphatase activities. Activities of PFP and PFK examined in vitro were
stimulated by up to 150 mM NaCl.
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