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e A AL (BAOKLTFRE BIEEE)

5. TEMCHE R b LA ICHT 2 IR E#E R ST 5T VRS S SRR D
HTWAN, ERCHHEEZEOESEMICE L CEOBEZRATHRITITE o
i, B EEEOEEBRHICAT LTV 7 a—TEPITONTY,
HAEEREE B A UVMITRRE R RIZH D b DD, TOEEOEHEZECRH L VW oTz &
Y BRI ISR EIT AR, TR OEDBEKFOE L ED XD b &
oD AEERE S D BRI LN TAZ L BRANREDOERN TH D,
AENE, EOHEBICAETT AV I u—THEHO Db, BOMEEEZFL,

X LICHEMBE LTV VX F < ¥ (Avicennia marina) & MBIEER D ARER
<% 7 % (Sonneratia alba)Z®¥te LT, v v/ a—TEHO= 3T L
BEERGWEARSICE L COREETok, ZITE, ZThoDEDN > H, t
NEF T DEITBNT, AN VRITHE) B A DL ZHh, TOKREE
T AEBEFGWEORE. ZOWEDESRK L MBHEORBOEET OV TH
gz AR, BICEBERELZOBEC Lo TEEZPH L TH L2,
HES T bR A SRE T DAL THRE OBBERICHA L VD, MREIC
FYL L _RELVEARTHZLICEY, L HREORBERH Z1T> T D,
< s a—7 Dz — R - BB S T 5 EEERERL, BICLY
B0 IR S, BEEEAETEE TR, JU Y uRE A Ui, BRETHEEL
CHEEEIEEATAE LRV, BEEY V7 BOEN» D OREII LR, XS
< VBT B IV AREAEBHREIL, =8 ) — VT I D BARI NV S —VT
SV TR ARV JATF VLR )= VT IR ARIN D AT N TR ) — )V T I —RARY
Ny —aly s _EA T VTR =TV _REA L THHZEB BN, HEITEY
DA RIEE OB AHER S, AN AL TNV HHDT IV EA G
B L)L O ENEIALEN D, OIS REAN AL HT)AARBOFREREIL BiE
AN ABEE T AT TAZEN TR~ a— T IR REEND LR, LL, O
NHZFALMCTHIHITIL, SO RS BLEESND,

LI —FDwrsa—ThE, v Y IR IR EERENELL CRIC = e E
B AN, NaClTEE T OB Chonvyry u—7 DIVAILE, v =h—/WIRLNT,
SBOI Na—ALT NI h—REEREL, BEERHET o T, ZOFRICONTO
UL AR —AD MR D I Tk, BIELTZHS, WAL T TIC R EL THH(Yasumoto
et al., In Vitro Cell Dev. Biol.-Plant 35: 82-85, 1999)DTERINIZV,
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1. BizR B

Ball, THEPECEA b VAR 2 ISE#IE 2 LICBT 2 BT ABIEN S < R b
TWDA, EBRCMHESEZ R ORI U CE OB L - RIRTE & A E R0,
B, EEE OWRRETRHICAT L T A= S a—TEc o0 T, AR H 50
I RBFHITRILH D b DD, ZOEEOAERZECRE &\ o7 L 0 ERERORIZeIIgEE
gy, ZIh OREMHEKROME & ED X 5 22050500 & oD bk ATSEEYE S D
BRI BNIT D 2 EBAMFED B TH D,

SEVE, HROT\RBICERTT D77 a—TEMD 5 b, BOTHEESEL, &5
(B HE DTV e VX F ~ S (Avicennia marina) & MBRIEER NS FTRE/ S~ ¥ 7 %
(Sonneratia alba)x##t& LT, w7 a—THHO RN X—RE L B FTEREME
KRENZBE L COMEEIToz, T T, THHDMEDI L, bAXTv DR
WA R VR A T2 D & ) T, FOREREEY 5 BB TS EORE.
Z DWEDEERR L RIEEE OB OEEBEIZ OV TRET 5,

2. HIEH*
2.1 KEYHE

LR F < UHEY) (EORIH 85 mm) EERDE HD LI TN B EEED
B PHREDR S 40 mm, 18 20mm. AEE 400mg) 13 MREEREICAA L
TWBHDEHAVE,

22 M+ L EEERSYENT S

ENRS T VEDEEA AL DERNL, BEA AL I u~ R 257 (HIC-6A &) TfF»

Too RBEFAEE DO/, 'H- B BC-NMR 12 X Y, Jones 5(1986)33 & Ut Larher
(1988) DIFHEIC X o7z,

2.3 S EEYNRS
[12-MCl=% ) — VT I VR L | [AFV-MClHE{b= Y »%, Moravek Biochemicals, Inc.,
Brea, CA, USA & Amersham Pharmacia Biotech Ltd. Amersham, UK) 2>HREA L7,
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LR E OGS Gmm x 3mm, 200mg) %, 0-500mM NaCl &, 4.5uM [1,2-“C]=
%) =7 I (BiEME 407MBq pmol'), Fizid, 9uM [AFN-NCla Y v (BHEME
204MBq pmol') Z&Te LS e iz, 30ml ¥ ¥ —vUzfFE T VL v A Y —T
S 2 ADEEICANS, L d—7 =ML, BHENS CO, ZIRE S &5 THIC 0.1ml
D 20%KOH % LIWAERTZIERD A TeF 2 —T & A, ZDT7 7 A a%k BT, 27°C
T, 18 A ¥ a_X— N LTo, A0 Fa— a3 UKTH, IBROASTF 2—7 13k
VA= ABED L, O IIKES, BEHIOREER THEE S,

2.4 “CO, DIRETEERIE
KH'CO, Z&Telifit, F=a—7Z& 10ml HREKICH LEHE, —# (01-1.0 m) %
WIS v F L—3 3 v o v 2 — G TEE A RIE Lz,

2.5 “CERD FREMID I

BE UT-EOEIT, 6% BHEHERR (PCA) WAz, Ak, Hskx VT “CED
FREMI ORI AT o 72, FT. U7 MT 6%PCA AR Sml iz, T0 258 L7,
ELSEE (1,700X g, 74 Liz, BbN7zitEY 4ml @ PCA BHETH, RERISEL
SNSRI NI T, 2 EOELTELNL HEEF—REIZ LT, "CHESFREMWDE L LT,
Zh# . 20%KOH THFIL, PCA #h VU v AL UTHRER, REE L, Tz ml
DIELKICEIR L, BB u~ 7T 7 4 —((TLOW L 20T AV e, PCA RIS IE
. SRR OAITITAVZ,

2.6 “CES FRBEIMID TLC (2R D7
MOAESFREMITSES T/ — 2T L— b GER(ERTERR) Mz TLC T
WU, REAENCIE, 1-74 / —)v  Eilk 7K (4:1:2, viv, Ashiharaand Matsumura 1977)
B, BE% BB EORSNEEE, N A A A=V T T T4 ¥ — (FLA-2000 2,
BT 4 VAT Lo THE L 88 c-oy /— 7 T, C-a ) Vi
PO LA L —EFREE b, 7Y YURIA VORGBIL KT v TV Y
JERIE (2. 4mM HEENERYEL U A< R, 42%EBE, 127mM I U U L) &%k,
TLC TEBNE “C—bAHmDH b, ) VELAMD ARy b EFERT Sl FrIve
FH YRR T 7 Z—EE G ST R & FED TLC W L2 &1To7e, RO T
LAY HRART 7 Z— (Sigma Chemical Co., St. Louis, MO, USA) I, 100mM Tris-HCl
(pHO.8) |\ZVAME LT, T rF v A G25 BT ATHRELTHBERW, e
FABEOT ANV FRAT 7 Z—E &M, 37°CT3RERGSEL, 20O, TAIIR
2T 7 H—PNEE LTI e RIEY VR RRRBAL. T VA ) RAT 7Y
— BT Lo Tk LI ARy b, ) VBMEAHD AR y b ERELI
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2.7 “C-EE O &

AR PCA NEMESED G, =¥ /—z—F)v (111) ZAVWTIEE2HH L. TLC
IZE 0 Uiz, PCA NEMESEICTSY /) —)L:=—F )b (111) % Sml iz, K< B L7
B U A—F = R0 (50C, 204) . IBEZFE L%, RO (1,700X g, 10
) Uiz, thBiZ . =% ) —v.m—7)v (1:1) % 5Sml X CREE A BE AL L C. FIkE
IR ODBER T o702 EORUHBECHEON EEZ—REIC LT, avter h—x—iz
CIRMERLE L7z, &, 400l D7 v o)L AICHEE L, Z¥RIE TLC 12 X B4 A
2o —RICH. ZIRITHE OEMBENT. ZNEi, Jeadib  AF ) —L Kk (65254
viv) EZmuaRVh  AF )= AV Ta LT IV TUEST (6535055, vN) &
v 7o (Ashihara and Tokoro 1985), EBH#%.7'7 2T v 7 7 L— b LORSTENES ., /4
FARA—DTTFTITAYP =L > TRIE L,

2.8 BEROHH

ENVFHTUVE (Klg) ZISFTHHANY 77— [50mM A X&Y' —L—HCl Ny
77— (pH7.6) 1Z2mM MgCl,, 1mMEDTA, 0.1% 2-A /LA 7 =& ) —1 0.5%
TRAIVEVEEFT N TL] EREMEORY =) RUeMzeRNbRET A4 X
Lz, REV2R—MNITA v HATAHRBL, A% 20,000 x g T 20 HRELSBEL -,
B EEICEERORZ ZMABER S oV Bt Uiz, AVRZOREL, UTod
B T#H D, Phosphofructokinase (PFK) & Pyrophosphate:ﬁrﬁctose-6-phosphate-1-
phosphotransferase (PFP)id, 30-60%#%a%0 ; Fructose-1,6-bisphosphate aldolase (ALD)
i, 35-60%%£a%0, Glucose-6-phosphate dehydrogenase (G6P)& 6-Phosphogluconate
dehydrogenase (6PGDH)I%, 40-60%#a7%0, Phosphoenolpyruvate carboxylase(PEPC)
IX. 35-55%fafna fv ic, Zh b DORRESE THE biLc BRIk % Sephadex G25 /17 A
THiEH%. BEEEEZBIE Lz, NAD-malate dehydrogenase@NAD-MDH)IL. FriZesy
BRI, 2O EEEZOEEME L THVWE,

2.9 BREEORE

EESRIEMEIY. 30CTHMMERHZ LY. 340 nm OWHEDELEE=F—F5HZ LI
L VBIE Lz, &REROMEEL, 3k (Kubota and Ashihara, 1990; Nagano and
Ashihara, 1993; Ashihara et al., 1997) &R X372V,

3. MIZEHER
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31 ELELTUHENOZEEREMEDRE

BNa—NMR DA~ hT bbb, Na'd A, EpEEECEBE CHET 5 L5
RENF, FIT. EAXTTUOGEYOIE, X BICERSL TV ORBLEYE
1H-33 L UV BC-NMR spectroscopy (& 0§82 (Fig. 1), BRETRONZBOE, 7
PRI A Y TARTHEY | REXA—AThole, 7T A U3 EiEE
BIZ T8 LTS, BHVEEC—BEENE < (180 pmoles/g FW) R TR bIREAMED>
57 (19 pmoles/g FW), —75, AFFA—AIZELRIETICA DIV, T I/ BRD
84% () b 97% (HR) MTANTXUTHY, 7l rOERIH LN T,
ELVR T < S OGREY TIEB DR TR, BIADEECES ) B —VOERDHH
iz, ol T, BHEREWE THh S polyols I, Z OREMIITERE L TR o T,

Leaf (Young) &

Leaf (Mature) &

Stem (Young

Stem (Middle)

] O Na*t

Stem (Mature)
:: B  Glycinebetaine

I Stachyose

Root

Il 1 1 1 L

0 50 100 150 200 250

Content (pmol g-! fresh weight)

Fig. 1. Distribution of Na* ions, glycinebetaine and
stachyose in naturally grown two-month-old seedlings of
Avicennia marina. Concentrations are expressed as umol
g~! fresh weight and the values shown were obtained
from a typical seedling.

32 HBRRLARIZEREEA AL, TUIREL Y TUEA—LOLANLDOEES
Table 112, EA¥F <3S 0mM, 250 mM, 500 mM NaCl TR L7o5E DR
S F L RSN EBERGMED L-IVOEER R, Na© & CI A A 13, 250 m
M NaCl 2z &0 2 fElcsghn Uiz, 0, KA AV bmLcss, NH,\ NOy,
SO A A%, Wb Lic, 7 VR AAL VD LAYV 250 mM NaCl AAFRIZ L0 2
Lz, —h. 7V Er—nrob-uid, NaCl MBI X VD Lz, ZOfER
Mh . FY RIA IEBEEREME LB LN, 7Y e n— WIREE L L
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THBE L2 & b b,

Table 1. Effect of salt stress on the levels of major ions and glycinebetaine in leaf segments
of Avicennia marina .
Levels are determined after incubation with 0, 250 and 500 mM NaCl in the LS medium for 18

hrs. Contents are expressed as pmol g-! fresh weight with s.d. (n=3). The values in parentheses
show percantage of control (0 mM)

Cations, anions and NaCl

glycinebetaine 0 mM 250 mM 500 mM
Na+ 166.5+3.5 (100) 373.0+3.0 (224) 454.5+3.5 (273)
K+ 45.4+7.4 (100) 74.6+4.6 (164) 87.8+12.1 (193)
NHy* 60.1£2.6 (100) 42.0+3.0 (70) 40.3+£2.4 (67)
Mg2+ 14.2+2 .4 (100) 18.3+0.4 (129) 18.7+4.0 (132)
Ca2+ 7.1+0.6 (100) 6.6+2.0 (93) 5.4+0.3 (76)
Cl- 325.0+31.3 (100) 665.2+89.5 (205) 831.0+72.8 (256)
NOs- 32.8+3.2 (100) 17.0+£2.9 (52) 14.5+1.0 (44)
S042- 8.1£0.9 (100) 6.9+0.1 (85) 7.3+1.0 (90)
Glycinebetaine 62.216.0v(100) 119.0+£0.2 (191) 119.4i2.4 (192)

33 TYIURELDEERK

bR < L3R 250mM, 500mM NaCl THERS D & 7)) g A O EN N
FBTEWREND, TV _REA VOERREN, ERITEMTO0E D ME MC
c1E: TR ORETD BT, NaCl 12 &Y [methyl-"Cl=2 ) & [12-4Cl= 8/ —)v
FILMEDT Y VNI A L DEREIEINT D Z L ARG E 7257 (Tables2,3),

34 Y URBIEIEX FLADRE

Y . T VUREA COEEOHBRME THHMR, EAFXF vy DETa ) v
DREN, HIZL D XD X5 REEE DT BO0ERE LI, [methyl-'Cl= ) »ORETHE
DL X BB L, HLEE LTORWETIE, &0 TENHBETRED 80%iIL <A, K
STFRBFEMICH LD L, 250 BETVNS00mM  NaCl BRI LY . S ODEA~D
L) 2B SO%EHEITIE T L, —H. CO, & L THH SN DHERED 18%70> B 40-50%~
LRSI B 2 L SREN (Table 2), PCA REAMENE (IRE) ICRVIAENTLT
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AU 8-10% Th DA, ZhUE. A P URITE W EEERZ T e oT,

[ FILMCla ) U REERIT 18 R EZITE D "CED FREAED O TLC 525,
A HSOHEHEMERZFE S AR Y FREBIL. Rf EOEWIENSOFRAFRI VA ) @7
Yo RIL . @AFNIE ) — AT I, @Y U kRESNE, [AFA1C12Y
UMBRARY Y UAOEHRIIEFICER THY . HA LA EZRVETIE, M
RPN DHETEEDR 40%ARRARY L) AR BND, A M VAIZEDHRARY L=
Tl Y D ENDHEREITE LS FBE S, 250 mM  NaCl THERBH OB EEDRK]
20%. 500 mM T 15% R OMEIZR6N5, TOGEaY &7 —E (EC2.7.1.32)
Ry shg (Fig2, Fa®) 25, RISTREE ShD ATP AR b VAT TR
TAHONAEDOERBHTHD EHESND, RAKRINVAY L £DR, KAT 7T
snay o) VIEREDARIZO»bNAR (RIGD, ®). BA ML AiEal s
HOREEERICITHE W EEEY 5 TR,

[AFLMCI2 ) Uh b D HCO, iy, A P VAR EXRWER T, ALY Z
E N HITREDR 18%ICT X720, X b LV ATFE T CIEI D, 50%IZE THMNY
%, 3V U NERNET AF T —EOWEIL, TRV, MORENEETOE 2
LD 3ADAFIVENTEEEL, RAVLTATE K, XHERBLT CO, IR LHES
n3d FEG. @. ®), BEten LV Z4iE, T AFNTY ) —NVT IV EVATIV
TH )T IACHRE SN, ZhuE, 2 Y D 3 0DATFIVED ) LO—ENE
LU TA L b0 E Bbnd, FRENTHDEATFINTY ) —VT I T IVORD A
LARRBND T LiE. ZOMERBEIHEIEL TNAZ EERRL TV D, a2l Y bOf
RFIABRISICONTIEE L FFFEA 2, TVELVHIENLETH DA, TOIGIZL
Y NADH MAEULSEEZXBNDZ LMD, HA NVATTOETOEERE LTIDR
ME < FTREMED & D,

35 ITA/—ILTIUVDREEER FLADEE

[MMQI5/~w7iym%ﬁ@ﬁintﬁNwﬁ\%ﬁ@mgmiamAﬁbf
WAL Table 3 VDR, (B FREEMIE D PCA FIAMESEIZEMETEED 63-
6T%AAAE LTV =, JEE % &ty PCA RIEMESENIIE 22-30%D 7~V Y IAFENT
139 MCO, & U THH SN 7-1% Th o T,

PCA FIEEMESENCOWT., BB/ u~< h T 7 4 — LD EIToER. 7 20
2Ky FRELNEN LI, OFRARY VL ) —AT I @QFAFINVE) AT
s ) —NTF I, @FARINa)y, @Y REAy OTF ) —NT IV,
@AFNTH ) —ALT I, @2 ERESNI

D-QiT Y VELAMTH LI, T O OWE~DE Y AL, KR AHED 42-47%
L0, [12MC)1= s ) —NT IV DEGEL B Y VB A~ LB ST
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Table 2. Effect of salt stress on the metabolic fate of [methyl-"'C]choline by leaf
disks of Avicennia marina. v
Leaf disks were incubated with 9 u M [methyl-"*C] choline (2.04MBq u mol") in the
presence of 0, 250, 500mM NaCl for 18hrs.Incorporation of radioactivity was expressed
as kBq g'fresh weight*sd and pefcentage of total uptake of the radioactivity (paren-

theses).
NaCl(mM)

0 250 500
PCA Soluble 118.19%+3.57(77.0) 81.30%0.83 (51.0) 63.73£10.68 (45.2)
Betaine 6.28%£0.12 (4.1) 8.02%£0.36 (5.0) 9.96%0.08 (7.1)
Choline 3521+1.32(22.9) 30.09%+1.44(18.9) 27.49+£5.75 (19.5)
mono-, di-ME*  15.87£3.18 (10.3) 7.99%0.35 (5.0) 4.99+0.73 (3.5)
P-Choline 60.20£1.31 (39.3) 34.58+0.12 (21.7) 20.95%4.03 (14.8)
Insoluble 7.96+0.27 (5.2) 9.52%0.58 (6.0) 7.91%+1.20 (5.6)
Lipid 5224044 (3.4) 6.77£0.71 (4.2) 5.28%=1.12 (3.7)
CO, 27.28%+2.10(17.8) 68.6911.48(43.1) 68.54%=5.73(49.2)
Total 153.43£1.75 (100) 159.50+0.08 (100)  140.19%6.15 (100)

* ME: methylethanolamine

Table 3. Effect of salt stress on the metabolic fate of [1,2-"*C]ethanolamine by leaf
disks of Avicennia marina.

Leaf disks were incubated with 4.5 4 M [1,2-'"C]ethanolamine(4.07MBq x mol™) in

the presence of 0, 250 and 500mM NaCl for 18 hrs. Incorporation of radioactivity was

expressed as kBq g fresh weight+sd and percentage of total uptake of the radioactivity

(parentheses).
NaCl(mM)
0 250 500
PCA Soluble 67.41%£1.35(63.1) 70.13%1.52(64.2) 69.79£2.76 (67.6)
Betaine 395+0.52(3.7) 4.82%0.61(4.4) 5.30%0.00 (5.1)
Choline 1.28+0.16 (1.2)  1.85%0.10 (1.7) 2.24£0.00 (2.2)
mono- & di- ME" 5.73%£0.69(5.3) 6.42£0.42(5.9) 9.18%£1.23(9.0)
P-Choline 17.55£1.85(16.5) 19.32%0.38 (17.7) 17.86%£1.60 (17.4)
P-EA? 2496+4.02(23.3) 23441043 (21.5) 17.74£4.04 (17.0)
P-MME” 8.41£2.38(7.9) 5.80%1.26 (5.3) 7.68£1.71(7.5)
EA" 0.49%+0.11 (0.5) 0.4320.09 (0.4) 0.82£0.02 (0.8)
Insoluble 32.80%0.38 (30.7) 28.12%£0.54(25.7) 23.22%+3.37(22.4)
Lipid 29.801.26 (27.9) 26.14%0.48(23.9) 20.95%+3.06 (20.2)
CO, 6.64+0.70 (6.2)  11.01%=1.33(10.1) 10.23%1.06 (10.0)
Total 106.842.43 (100) 109.2540.72 (100) 103.24%5.06 (100)

Ymono- and dimethylethanolamine
Iphosphorylethanolamine
Iphosphorylmonoethylethanolamine
Yethanolamine
HIZEIITREINTZ, EHIZ, RRTZ 7 FINAY UADEY AR OT N TH - - DIt
RT, RARI NI Y SO ARTEZNZ LD, EAFFINIRBITEa Y VAR
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+

O

NH;— CHz— CH, ~QPOsH

SAM

SAH ]Y
Phosphorylmonomethylethanolamine
+

CHz— NHa— CHy — CH2-0PQgH
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©)

Phosphoryldimethylethanolamine

+
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CHa -
_ N= CHz — CH2-0PQgH
CHg
SAM
SAH
pi Phosphoarylchaline
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CH:"\ + ‘\CS) CH:\ + -
CHz— N —CH; —~CHy—oH —  CHg— N=— CHz — CH,-OPO4H
% -~
CHg T cHy” CcTP
AD
0, ATP P
2Fdeq
PP
H20
2Fdox CDP-Choline
CH3\ . Betaine aldehyde .
CHg— N —CHy— CcHO
CH3/
NAD*
CMP
NADH
CHg\ . Glycinebetaine
CHg— N —CHj; —COOH
cHs

Fig. 3. Possible pathways related to the metabolism of ethanolamine in Avicennia marina.

-251-

Phosphatidyl-
chollne



10 12 3

i3 ) B AR R L TAR TR DD TIIRVNEEZDND, FEROFR
EEOLDE LT, THAVEHES THD Y hU LA 2 "YU LY ¥(Hanson and Rhodes
1983, Weretilnyk et. al. 1995, Summers and Weretilnyk 1993)23#f5& STV 5, [12-“Cl—¥ /
=T DAY DT AYVERY IABH HEA B VRS THEML TS Z &b,
AR LAZE ST, al) VAERBERIZEo TS EEX bID, TEEEEZ24
Ratit, a)rOF—Anbnd, al) T ) FF U5 —EBEFEEALTHSY
REA VDEEPEELRNEVIBELH Y (Nuccio etal. 1998), =Y DT =)L
AR LA U TR S E D Z LA, e AFE < v OMEEEZEmD TWD DD
LALZRV Y,

[12-4Cl= % 7 —V7 2 U bED AENT PCA NEMESED 7 ~Wid, 1T A LD
B LT, IEEAENC DWW T2 IRTGEBZ u~ 77 4 — & To TR, AR
T FUONTHE )= NT I RAT7FONaY s VIRAT 7 FINVTZE ) —NLT
S VYRR FFONVA) URREE N, IBESEASBRDIAENTLT LD D B
K277 FoNa) A~DB AT TNTH T ENnb, RAT 7 F U EW %
PRARBMED L+ 52 ) VARGRY, BAXF < UNIIFET D FTREMEI R,

36 EILXFTUDERTEEICTHT S NaCl LT S oRE A DR

Figd & Figh e X F < I bEER LI kERBIOFEEREIECT TS NaCl
LT Y RE A L DBROFERE TR LTz, NaCl 1%, TN COBEREEZIATA, €
OREIEZEOBRICL YV K& BRo T, —EBRRBREN2TZDIXPFP TH Y,
100 mM NaCl T 80%FREN R bz, —F, 7 U ¥ A 43500 mM DIRETH,
T OBERIEHICEEY 5 X e oTc, TV RE A UNE L DBEREORIZES
PRER R LA oTe, EAXS v VETIE, NaCl OKREIE, MIBCERS L, Ak
BCINDDBEREMICEELY EX 20T ) R E A UBRERLS T, TRiE L ARER O
BEELFREEL TS b0 L EbiD,

4. fEmESROFRE

v I u—TEMTHD e L U, BITERE D ZOBEIC L > THRASRHL
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Fig. 4. Effects of NaCl (®) and glycinebetaine (A) on the activities of aldolase (A), NAD:malate dehydrogenase
(B) and phosphoenolpyruvate carboxylase (C) from leaves of Avicennia marina. The values flor enzymatic activity
are expressed as a percentage of control activity (A: 1370 pkat mg~! protein; B: 150 nkat mg~* protein; C: 163 pkat
mg~! protein).
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Fig. 5. Effects of NaCl (®) and gly-
cinebetaine (A) on the activities of
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phate:fructose-6-phosphate  1-phos-
1 40 photransferase (B), glucose-6-phos-
phate dehydrogenase (C) and 6-
phosphogluconate  dehydrogenase
(decarboxylating) (D) from leaves
of Avicennia marina. The values for
0 enzymatic activity are expressed as
a percentage of control activity (A:
220 {)kat mg~! protein; B: 440 pkat
mg~* protein; C: 120 pkat mg~! pro-
tein; D: 143 pkat mg~! protein).
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Characterization of the Mangrove Metabolism Related to the Salt Tolerance

Hiroshi Ashihara and Eri Yasumoto
Department of Biology, Faculty of Science, Ochanomizu University,
Tokyo,112-8610, JAPAN

Naturally grown seedlings of Avicennia marina contain high concentrations of Na" and CI. Our
NMR studies revealed an accumulation of glycinebetaine, asparagine and starcyose in 4. marina.
The highest concentration of glycinebetaine was observed in young leaves, while the distribution of
starcyose was restricted in stems and roots. Asparagine comprised more than 96% of total free amino
acids in roots and 84% in leaves. Little or no accumulation of proline or polyols, which are
proposed as compatible solutes in other plants, could be detected in 4. marina. The cellular levels of
glycinebetaine increased by the salt stress. The results from tracer experiments indicate the
operation of an ethanolamine—phosphorylethanolamine—phosphorylmonomethylethanolamine—
phosphoryldimethylethanolamine — phosphorylcholine — choline — betaine aldehyde —
glycinebetaine pathway in young leaves of A marina. . The rates of the biosynthesis of
glycinebetahie from both [methyl-""C]choline and [1,2-“C]ethanolaminé were stimulated by the salt
stress.  Salt also markedly increased the degradation of [methyl-"C]choline to "“CO,.

The activities of phosphofructokinase, pyrophosphate:fructose-6-phosphate 1-phosphotransferase,
glucose-6-phosphate ~ dehydrogenase, ~6-phosphogluconate ~ dehydrogenase (decarboxylating),
phosphoenolpyruvate carboxylase and NAD:malate dehydrogenase from A. marina were inhibited
by NaCl, while the activity of fructose-1,6-bisphosphate aldolase was activated by 50-200 mM NaCl.
There was little or no effect of high concentrations (up to 500 mM) of glycinebetaine on the activities
of any of these enzymes. ~ No significant protection by glycinebetaine was detected against NaCl
inhibition of these enzymatic activities. Based on these results, possible mechanisms for the salt-

resistance of 4. marina cells are discussed.
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