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bhbhit, BARICEELTWA vy 7 e—7HPICER LT, Zib OiEEEy 2
B (b2 VITHESE) O L AB™MATH 2002 L~V THLMNILT, T
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EEDEDICESITREVWEELTVWS, v v 7 o—7 OREIFRITIE LA ETOHTED
P B OFRBROBMERES LTV D, SEIE, TRVE— L BE L TRRRRHC
FEou s LA FREOFRER L o, w7 u—TCBITETT /) Y VOR
Hc B L CRIREVEERBLNLOT, ZI TR/ e—TEMOT T/ v AEIC
DVNTIRARB,

MR AT T A~ v/ u— T, BRSO Lo IERICEELEYTO0
. ZED ATP 2B LTWD, £k, ML HIE L ORI OBRSBE ZHRET 27201,
e 7238 A VA (compatible solutes)&Z &Y B, ATP DEMIT, U XTI VAT RO de
novo BREIC LV R EN D, ORBITEMCERBNICHD, —F, TY VEETHETT
S RX I LF Y RTCHBTT ) Vo EBEAALTX I VAT REE/RT 2T AV
BB DI, T OFEMITEMICE Y B2 BN s LR OE A TIE
PAN—VERERZ NG, WRERSICATT 27/ n—TBRDETT T/ VD
YAR—VREETARRRE, EAFROFZ oA, FEAF REF, AT
DRDw YT ETHE, BELETT /Y UNR ORCELETX I LATF FICEBRS N,
B CEVFAR—VEERL bR, ThbDwy s/ n—7 DBEEHER, v¥=h—
AR EDETLI—NTHER, 7Y EA VEBEREEL T <Y Y TRV
X7 < LT R T T ) v DRIB R b, TOEHTIE EA FLRICEY,
T )T IVMEDT Y VU REL U DEROEMBH BN D, T ORI A
LS FIA LT 3 HFD STF ) YN AFA=VSAMBE BN D, SAM IHZ DRED
Bl STF ) UNKREVATALERY, EBRTT I VIV EREVART A URTE, A
%ﬁ:ywﬁéﬁﬁzé(ﬁmﬁ4ﬁMo:@#47»ﬁ5i<%%¢5twmﬁ7?
UV DRERNBETH ) OB TR ENT T VX LF Y —BEEICLY
T o ~DERRB I, BT S u— L BRENROY T VRO ENFE R
2RI VAFBROI A VETIRTT /) VohbX 7 AT FaD P = VRERE <
L0-20BEETH ST, v 7B —TCHBNBENT T/ YV OPAN=VET T )
X F—PERICL B bD LRI, TOBROEIC L DRABELRTL T D,
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1. BIEREH

Rt L A WECITER OEFT R 5720, EE~OMEEMSEREEN TS,
bivbhid, ¥KFICEE LTS~y 7 a—7EMICER LT, 2h b OMEEAER S FFo
T (BHAVIIFEE) O L GBI THEDONERE L~V THLAZL T, Zhbok
BEAZIRY v 72 P=T ) T OFRETAA I~ AEYIA 5 L THIERBREEE O DI
B THENWEEZTNWS, w27 a—7OREFEITIZL A LTORTE LT, £ < ORMHR
ORMEPEIN TS, SEIE, =RXAXF—REEEE L TERRHHCTT= X7 VEIF R
RBOFELBZ R0, w7 v —7 OBERIIMENE b oAy T V) 7 OBESR LITER
D, EICE Y FOEMNEE SIS DT (Ashihara et al, 1997) EiRE D NaCl (Z A #HE T
B, F T, NaCl #EERGDE Th D HIIAE D b I P~ L k3 2 8EI T
WBHEBEDbND, TORMEIE ATP O ALX—RARPEND L-EDh D, KIZ. BEEH
(Compatible solutes) DEELE B TH D, NaCl BT~ LEEI N D LIRITAERIZ, M
BB IHMERIC /2 > TLE S 0T, MIEEICEHARESER Sh TRIR & MIREMOBEBEL R
STWB, v/ u—THEWIRC L > TR W E2BEAEE L LTERELTWD, filxid
EAXRROT S a—T 3 ET NI =L THEY = b=k, v ¥ UF I = b LEE
ABE L LT3 (Popp, 1984b,  Yasumoto et al, 1999), HAWHEDARICH F 7z ATP DT R
NE—BEDNLTVD, ZDOL I vy a—TEYIXMEEEZ/ERT 2 20, —RIEY &
NHELDATP B L TWB EEZBND, ZOIEMD, w7 u—THEWIISEOR
UV ATP BB B VITEARKPEFET DAHURH 5, EERNICBITE2T T =V X7 VEFF
BRBRBITIZT Y O de novo AFEBEOMIZT T ) VR T T2V DY AR VRERED D
(1), 7Y > D denovo SFEKITT U VEBOARRDI=DITE L D ATP BT 5 B E
BT, ATP O#RR L LTEAENE, T LTT T/ VU IA_—UREIT AMP O
MR L TELETT ) Yok, 7 VBREPBEESTICX 7 LATF I~ L BEFRT &K T
HB, TNIEBHEOBVATP BERTH D LELD, HEORWEHON iR TIOL
5 R AN— VEBOEEREN L RAMbR TN, £I T, FEOT I/ u—TEILHD
NETTF )V UoREBERER. v/ u—THEYOMENE & OB EREE LT,

2. WIRAE

2.1 EBHE

HBETERE TRESNEZKRD TBO~< Y/ u—7 DELERICAVE, v/ a—TEY
LEEEFTIL, UTO®Y ¥ =¥~ b /UF Rhizophora stylosa ($8EJIl). A ¥ /L% Bruguiera
gymnorrhiza (£ BJI1), A &)V Kandelia candel (JEA). < 7" % Sonneratia alba B .
vV X X = dvicennia marina (B EJI) . ¥ VXE WX Lumnitzera racemosa (FaP3) . I XAH v/
v Pemphis acidula (F78). HEED - DIC, TEMZ R 2V A A L LTRT T (F
v ¥ua) Populus alba % EEBITHER Lic, A7 7 DRy MK, B ER TR A TR O
bREfEZIT T,

2.2 Insitu TDFT T/ T NA—TEHEOBIE

In situ 0BT BT T ) v ORENL, Ashihara 5 (2001)DFIEEZ—HEX TThoT0, v 7
0 —7OENEDEH (4 mmx4mm, 160 mg) & 10mM X7 B—RAEET20mM U B
EE (pHS.6) 2ml BA-TITE Y F—T =& 75 X320, 9.6 M [8-4C17T T/ v~
(tb¥EME, 1.9GBq/mmol ; Moravek Biochemicals, Inc.) % 10xL (370kBq) #ML. 77/ .

—-213-



12 14 3

CORBEFTT, B F— T =T, CO,RINAIE LT 0.1 mL ® 20%KOH &4eh Z £+
TSR B AN N T AF 2—7 BT, EOOFBREAKTE ook, MEZERTH
LT, EH D OERMRB oML, # %iBERR (PCA) WK, =5/ —/v - =FiL=
—F VB (111, viv). B\PCA ¥ (100°C, 204)) WXV, ThEN, X7 VAT REED
B TLAMY. I8E. BEE A L, % PCA AIMIESE L. KOH TH%, BfFL T, TLC
R,

2.3 BREIHEORE

< /u—7% (A£EE, $500mg) & 2mM MgCl,, 1mM EDTA, 0.1%(v/v)2 - ANVA T

NT & )L 05% T AT /LEVEET b A, 4% (whi) PVP ZETe 50mM b U R EERGE

W (pH7.5)SmL Mz TKO ETHR LA GASFEABETT I OB L, ZORBKEIED
CREBEMZ T, T4 B TI L, WK% 20,000 x g, 2~4°C T 20 53 HE LBEIC 21T 72,
B BB T 0 D5 LIz (NH).S0 4 & 80%BFIDREIC R D E TMA, kTHL
Teas BB LT H v % BILEE ST, 20000g, 2~4°C T 20 Sy R L BE R TR WA TSI E
2.5 mL OHIH FEEIRICED Ui, B oz, fht g © ¥k L7z Sephadex G25 7 7
A OH 3.5 mL OFUEER CHEH L, &b 3.5 mL OMEERIKE BEREEOREICH Y
7o, BERVEMEORIE L. BEERGEOEE %5 2 TRISEIT2V, USRI MBS K2 N X
CRISEEE L, 28°CT 5 SRS &7 570, 55, 60%PCA (10 L)EMZ CRIGZEL
Lz, 2y b o— L G BRI & VRIS 2 ATZ 60%PCA 10 p L & RGBS X 72, FS{E Ik
#%. 14,000 x g. 2°CC 10 SRR LASBEET /2 -7z, L% 20%K0H THFIL, 14,000xg, 2°C
T 10 SREELSBE L, Bhhiz bEE 2By FL—F —THRESHE, 50%TF / —/V 55
L CER LT, EELAERMEEDTOWREEB/ n~v N 774 —THBELIC, BB
= /5T 4—iCidEAE—A T L— b ERW, BERIZT T Yo F—B LT T2V
ARYRIN P T VAT 2T —EDRERIITT H ) —V - Bl - K 4:1:2, TFE) VR
LA v B — BB RE AWz, RIGROMRE RITT T,

FF )y LF A —E (28100 1 L)150mM HEPES-NaOH#ZEE(pH 7.6) 40 nl
65mM MgCl, 10zL, 20mMDTT 5L, 450uM 75/ ¥ 10uL, [8-4CI7 7/ v (1R
EBCERALERELFL) 050 L (1.85kBq), MR 5,15 XL 30p Lo

FFEo VR AR RN R T AT 2T —F : (&8 100 L) 150mM HEPES-NaOH #&EHE
(pH7.6)40 4 L, 65mM MgCl, 10pxL, 20mMDTT 5uL, 450uM 77 =2 10u L, [8-1C17F =
v 05uL (1.85kBq). 7.5mMPRPP 10 u L, HEESRHK 5,15 Xk 2450 L,

75 )k F—F: (28 100 1 L) 150mM HEPES-NaOH fEE (pH7.6) 40 1 L. 65mM MgCl,
10pL. 20mMDTT5uL, 450 uM 75 /<> 10uL, [8-1C17F /¥y (REEBRICER L
7RI LFEL) 05uL (1.85kBq). 12.5mM ATP 10 L, HMEESRIK 5,15 XX 24501

24 R LAFEEORE

EOWHR (9 160mg) & 20 mMF U AU CEREEIR (pHS.6) ICRL, 27°CT 3 K
BL 5 Lin, —EOY T 250 mM O NaCl % 5 % 7z, 3 B, SEREE T TOAR D
KSR FN T DIREER Tl Uiz, 8% LI-EDEAIZ 6%PCA 4ml AT, KD LT
B UARLAMKLELETT Y D5 L, 20,000xg, 4CT 15 S5HELABEZITRV. /bl
7= LED S 05 ml & 04 M PCA THEHLLIZT ==/ (Cs Hs) spe 77 H(JT. Baker,
Phillipsburg, NJ, USA) IC D+, 6%PCA 4ml THH L7z, ZO8{EE 3 EMVIEL TROME
i % A, IREER THE L T b ISR CHBRSE, TORECLY, EEDOE
ELRE T ) —AMWEEPRYBRETE L, HED 20mM KH,P0,NaHPO, &K (pH
7.0\ g L, HPLC skt L Lic, X7 VAT ROBEITRA 4 > # Shimpack WAX-1 117
AE ¥ 0 oiF s BPLC TH72 o -, BIEIE Ashihara et al. (1987)D FIEIZHE > TIT72 2 72,
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25 TYLREALDEE
V/ﬁu—7®%(mamW)%m%%&»ﬂv@m)rmmb i&/—wélﬂfv—
ZCERWEbDEFEEE L, NMR CTRIZE L7z (Ashihara et al., 1997),

3. WMRLEE

3.1 Insitu TOTFT T/ 2 oFII_R—IF MO

ETHOwTu—TOECYPHT, 8-CITF /v id, TF=r X7 LEF RE RNAWKE
B, =5, COp TTF=UT TV, TV A VBRI BFEEORY = 4
BROENE, AEAFEDT —F% Table L IZTT, VAR—UREDOEYTHIX I LEF
RICHEHEMOR Y ZHARR BN Z b u—THEMIT LN — UREREEL TN
BIEPHENI IR oTr, e, TT =X T VAT ROSMBEMDIC S BEEESTRVIAE R
t:k#E\ﬁ%m—&%ﬁ7?:yx7vﬁ%k@%ﬁﬁ%ﬁ:nngyfu—ff%%

BEBLTWA I LBHERTE R,

IR, MRRMCIT T ) Vo R T TR I AT RICEBRT A REN B LN — kB
EFEDY, DU IZ XA BEHEHEOREY RABICH TS, T5F=0X 7 vAF R (S &
OB ORI ~OBEHEEOR Y AL OEE TR LE, eAFBOYo Y= L¥, T
ELF, AEAF BIUOATHF I oo P OFEDOHAR—JEEIEE L. 50~90%D
B-MCIT T/ v BYINR—VEYCER S (R1), T8GR 4FEOYY S a—T D
FCHORHFEY Y e AR LA B VFRFEETENTAR—VEREOZ LB LI R T,
IhbowrZu—7 T, 250mM NaCl TR NV REBEZFRRICT T 2 vhbnTF=
VX7 AT KRR ATPHADP OAFBMEN Lz, 202 b ihbn<w 7 u—7 T,
NaCl DFE T THAR— VRN LV IERICEH E NaCl OBRE-CEAEE 04 BRI SLE ATP
PHEL TR ZERNRREIND, 75T/ Y VDE~ADIYAHS NaCl I k- T EHE LT,
—F. BAXRET O TET T ) Vohb T T OFRENDEIENIEFITRKE VT &R
Hizot, EAFERFLIXTUVENEALNDT T/ VP _—JREd—REH Th DR
FIHARTHIELS | YAR—VEHO I BT T =0 X7 AT FICR D & ZOARERFIEID
kb FNETT VD 20%UTThHo, 2D bR NA_N—JENMEI2TZI AT

S0~ e —TIoBINRVWETHE, v Iue—T L IEv T u—TER04S
ﬁ ITEAREZL BB NEE L2V, EAXFE RS e USTROESD L 5 iy~ 7o
— 7TV, U EOFER> G BN~y S u—THEHTH DI Y=Y~ B LF B,
AR v TR TIEITAR—VERED TE . NaCl FE F T E bl ZhofFEks
AbENTF, TF /) P A_R—DEEODEVEAXERF L I XAV ETCRTT ) s
— URRBE L IXBI DT B H>30D ATP A EEMERE DS TR M OHERFIZHERE L QWO B ATREMER B B,

32 EIFEIUICETBZTT/ oAEOEREME

EAXF BN /e —T O—ETH BT HLBEb LY, in sih TLHERBATE
B-MCITF ) v DI AR—=VEEERNT EHED 0T, Fho, EAXRE <IN TT ) ok E
5Ltk:6\EE%KTf:VﬁE&éﬂélkﬁ%Bmmtot(@1%EW¥ﬁ77%
DEEELIXT ) v _E A Th Y (Ashihara, 1997), D~ 70— TR OBESEEN
BTN NTHDLDEIFIZ LD, ENFET VRN I DL D RFENRT T ) Vv
RaHE, ZOEGD T ) oI AV OERERE OBBEICL AFEES DD, T, TT=
VX VAT ROBIGRENoTBERE LT, —BEAEISNINR—VEGRT T =X
VAT FUSAOMBICER S LI FREEREZ bbb, EAXX v URERTES Y VK
A VDOEREETIE, Vo R_REL 1 FHY 35F0 ATP BROYWEREE IND Z
ERPDoTND, FRILATP L AFEI =V NEAKEND S-TF ) VI AFE=" (SAM)
THsd (M3), SAMIFZZ /) —ATIVnb TV VRIS UREREINBZED 3 EOAF
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JURSIZ BT B A FALEEEERTHY, TV rREA VARICRL T PR NVEER
WETHD (M2) EAXTTVTE, BESNET T 2 V3P~ — V& E - T ATP
2R Teth, SERHINT SAM DAFIZAV bzl BT EOPA_—T@BMEL 2> T
LEol b HERFT A ZENTES, EAFF TV TTToVRRBICERL, 77/ YVikiE
LAE D ENEPo b YV RIS VAREBEELTNWE EE 2 bID, ATP 1 bE
BENnie SAM XA FMEEITROTS-TT /) YAFREVATA Y (SAH) [Ki25, LIZAR
SAH IF SAM 12 & B A FIALRGDBOEEFRI TS U Vo _RE A VEROBIBEETH =Y v~
DEFREGIT 50T, WeICBRESNRTTR LR, SAHIGMENWTT T/ voak
52, ORI SAH RO FEICFERKE BTV 2O TRIGE SAH T HICE
BBRICIETT ) VY DBRENRVERD D, EARXvUIBMCITTF /e BE LR, 7
Fo U RKBICEE LEOIRS ) Y UREA VARERET B TT ) VU BERICOMRES
NIEMBELEZDZENTED, tw?ﬁ?/T%b<ﬁW7?/Vyi7Vivﬁ_fﬁ
WRESNEEETIZOHGRE L —BLTWA, £, K1 LY 250mMNaCl & & 2 72
N_R— DEMOEAIERS L, TF =V OERIEIEML TS, Z0Z &iE, A MVATT
EAXF T UDEIIEINDT Y VU REA VBEREMTAIEVIBRELFRELARN
(Ashihara et al, 1997) , BifT, Weretilnyk 5 (2001)iX. 4 D7V Lo _Z A VAREH T, SAH
WEELBTF )V URTT ) v F—EThRESRDE LV ERFREEREL TS, LAL
EARE T insitu DEBRTTT )V UhbTF=vBNELBZ &, &I inviro TH
FINETST ) VX7 LAV A —PERE, 77 YR —BEED 100 U ERNT L
. TFI)VUR I LAV E—FPOBEERBIRRENG, T/ v F—EXY HTT
JVVRILF T E—EHR SAH ORI EFETHZ LiIX A7 = A VAEARRE OBETTF ¥ T
b EIT#HE XN TV 5 (Koshiishi et al,, 2001),

32 FEH

v la—THEO 5 b, BT ATV EEARELTAY Y E/F, TEAF AL
LE. =¥ FUREPNR—TREREBO CTEIroTz, T b0~/ m—7 Tid250mM NaCl
b5 2 R AR — DR S B ITERICE T, FAN— UREBROEMELICEY v Te
— T M DHERR I N 72 ATP 2 L TWB EEZbND, — 5, ¥ A VEBERE L
FTEEARF <L TIR, BHCITTF ) Vo e RETHET T URREICERET D L 0O
BT ) VRERBE LN, L, EAFF<VOEA b LRIIGELT, SAMYA 7
NEEMRMEE, F) v _EZA VOAHEABICED DD THDIZ L BRRREShE, BV
FERFLIZHTVE—BONRATIRAERDTHERT T LD b IR —TRBED -, T
NEOEADEIL. 75 Vo A_—T L TR DEIEIC L - T, LW ATP £5i% L
TN B D% BRI O CIE 2R L TWE L EZLN D, 7T ) YV OP -V
ETCHBTT) I rFF—ER SAM YA Z VOEMIICEET 57T ) YU X LAYV —
P OEM A BEFRREL CRRT S 2 L0 X0 S, T~ 2EYEEH L, HIBRREOE
B L ~DOIFARTRED S LRV,

Rk
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Table 1. Metabolism of [8-14C]adenosine by leaf segments of a mangrove plant, Kandelia candel
in 0 and 250 mM NaCl.
Samples were incubated with 9.6 » M [8-"*CJadenosine (specific activity 1.9 GBg/ mmol) for 3 hrs.
The values aré expressed as % of total radioactivity taken up by the leaves.

Metabolites 0 mM NaCl 250 mM NaCl
ATP plus ADP 471%55 603%3.1
AMP 3.8+0.2 45+02
RNA 114%03 11.0%03
Adenine 83=%1.1 5.6%0.6
Inosine 1.5+04 0.7£0.0
Allantoin 13%04 1.0+03
Allantoic acid 0.9+0.0 1.2%0.0
CO, 0.7%0.1 0.6%0.1
Total salvage (62.3%) (75.8%)
Total uptake (kBq/g Fr. wt.) 20.47£0.1 23.1%2.0

Table2 Adctivities of enzymes related to adenosine metabolism in leaf extracts from
Avicennia marina plants

Enzyme name (EC number) Activity (pkat/mg protein)
Adenosine kinase (2.7.1.20) 2.3

Adenosine nucleosidase (3.22.7) 260.5

Adenosine deaminase - (3544) nd

Adenine phosphoribosyltransferase (242.7) 12.9

Adenine deaminase (3.54.2) nd

nd: not detected.
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products**

Fig. 1
mangrove plants and poplar.
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27.6£0.7
36.4+1.2

18.6+1.7
25.6x0.2

20.4+0.1
22.6%1.3

7.2%0.5
9.6+£1.0

total uptake
(kBg/g f.w.)

15.5%0.1
12.6%+0.5

6.6+0.1
6.0+0.3

20.0%1.8
19.5+£2.2

total uptake
(kBq/g f.w.)

27.0£5.7
20.0£1.9

total uptake
(kBg/gf.w.)

1 adenine

Incorporation of radioactivity from [8-'*C]adenosine into various metabolites of leaves of some
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5 Methyl THF CHCH2CHZSCH,
OO
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NH,

|
. lCI-ICHZCHISH
( Methionine biosynthesis ), - COOH Homocysteine NH,
Sulfte > (Homocystine pi+ i Y,
N ons Ky
CHCH2CHS — CHz
( SAM CyClC ) GO
S-Adenosylmethionine SAM)J |
e ( Y ( HO OH
HN S S-Adenosylmethionine
N (SAM )
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HOMS i
Adenosine P _Ethanolamine
- P-Monomethylethanolamine
HO OH P-Dimethylethanolamine
Adenosine [S—Adcnosylhomocysteine (SAH))
NH: .
: P-Monomethylethanolamine
HNY N P-Dimethylethanolamine
NH, k\N N P-Choline

|

?HCHZCI—DS —CH2

ok -
S-Adenosylhomocysteine

(SAH) HO OH

Fig. 2 S-Adenosylmethionine (SAM) cycle and glycine betaine biosynthesis. In Avicennia marina
leaves, salt stress stimulates the synthesis of glycine betaine from ethanolamine, via P-choline.
Maintaining methylation activities for betaine biosynthesis by the SAM cycle seems to be important.
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Metabolic Studies on Salt Tolerance of Various Mangrove Plants
Hiroshi Ashihara and Sayo Wakahara
Department of Biclogy, Faculty of Science, Ochanemizu University,
Tokyo, 112-8610, Japan

Mangrove plants may produce large amounts of adenosine triphosphate (ATP) to
facilitate the removal and/or transport of salts into vacuoles and to synthesize compounds »
that function as compatible solutes to lower the osmotic potential of their tissues. In the
present study, we examined adenosine metabolism in leaves of various mangrove plants
grown in the Iriomote Island, Okinawa. The activity of adenosine salvage, i.e., synthesis of
adenine nucleotides from adenosine, was extremely high in the typical mangrove plants,
Rhizophora mucronata, Burugiera gymnorrhiza, Kandelia candel and Sonneratia alba. In
these mangrove plants, up to 90% of [8-'*Cladenosine taken up by leaf segments were
converted to adenine nucleotides. This adenosine salvage seems to be catalyzed by
adenosine kinase. In contrast to mangrove plants which contain high levels of sugar
alcohol compatible solutes, Avicennia marina which produces glycine betaine as a
compatible solute showed a different pattern of adenosine metabolism. The glycine betaine
biosynthetic pathway from ethanolamine'inA marina, includes three methylation steps that
utilize S-adenosylmethionine- (SAM) as the methyl donor. In this process SAM is
converted to S-adenosylhomocysteine (SAH) which in turn is hydrolyzed to homocysteine
and adenosine. SAH hydrolase catalyzes both the synthesis and hydrolysis of SAH. As
SAH is a potent inhibitor of the N-methyltransferase reactions, removal of SAH is essential-
to maintain the biosynthesis of the compatible solute.. Probably for this reason, very active
adenosine nucleosidase is present in 4. marina, and 50-60% of exogenously supplied
[8-'*C]adenosine was recovered as adenine. Compared to ordinary biomass plants, such
as poplar, activity of adenosine salvage is extremely high in most mangrove plants where
may act as a very ecfficient ATP regenerating system. Furthermore, high adenosine
nucleosidase activity in glycine betaine producing mangrove plants .may be related to the
continuous supply of methyl donors for biosynthesis of the compatible solute. These
results obfained in this study open up novel strategies for using genetic engineering to
produce transgenic salt-tolerant biomass plants which can be grown in desert to assist in

their restoration to a terrestrial environment.
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