RRkEFT 14

FJEIRE BARE AN Y AW T AR T 7 O EEERE RO TNT
PR AT =KX AOfiFH

BRI RIL S (EEKRF RFH)
LTSRS  BEIRE (EEXE RN

B CAM THABEMEM T A 275 F (Mesembryanthemum crystallinum) 1%, AN
BT BEEREICT Ty —Hla (BEBC) XX aMla/ N E 25 ES Y, HEE
35, AR TIL, EBC 2FF//2\\RRE BAKETFHE BIKL T, EREROMHMIIEES]
2 EHBET COABTELROWIEEEEREL, TAAT 7V NOMMEMERLNTEE
Rl T A MmO ZE Z R LIz, Hb¥ TS /A LD RO MICE
representational difference analysis (RDA {%) % fiV T, EBC JERGEE T D BEEZ R A 72,

EEREOEELEETMBELEENETHMBECTHELLER. EEKEFORE,
ROEORENTIUCH EBC 1Ixbhizhotz, —F ., AR OIE L, AFHE (V—t
—IkR) o, EIZIXMF D EBC MEAERIN-, BREEHAKROMIZIX EBC LIS OTERE
K& ERIIFRDLN T, EBC OFRUIMIERITEE TN SRS, FiRT
BT AN CIES TR OIS E L BRI LA, EBC XK MR 4~8 &4 24
W RIENRHALIEIRSTZ,

AR HEOES FRIIE RKETKREL, 400mM NaCl THRAFELERKOA
EEIL. 7. 14, k121 B B TERTNEFAERRD 66%. 58%. K U'55% Thoiz, £RE
DESFRBLT, EfH-0D NaCl & BIZFAEK TEI -7, HAHEE 21 B BOH4A
BRI G BT —EikH7=0H2¢ T, ZEBEOK 1.5 FThHoT, EBC ILHEENIEOE R
IFEREOEEBOKNESE EDT,

RDA T EBC ZRMRIZTFEETHERFERLL T 11 D PCR EM% 157, GenBank D
F—BH_R—ATBLAST IC L DM RIMR B ETol b2 A, L7221 1TEHD/u— D)
L, SREFIXEEHEIN TOWiWBE L, SO sERITIERES ) 2H DT 235 Y
RV —2 RNA LHFEMER BT, SHICEV IFEREII2 X F 2 I BIT—E 5
WX MAP ¥ —E&F—VBLHRMERHLZENDIT,

UL EDZEdb, EBBCIETAAT TV Ol R OSEERE T HICh RESEBRL T
BHZENHREZ 25Tz, BBC IXENNLOEERETHIET, RERE T CTOTARTSZ
VEOAEFEARRIZLTWAEE 2D, BIERE T TOAEFTROEMIX, BiEHi-vD
BRI B, OWTIEME LR ET 2O BE NS5, EBC HREEHERE T
FRNTIL, ERREREDZE LBV TART T MOVEHIT D728 il - R L (7
FARNIAT 4 =—al) B D ETRER—ZRDEE 6D,
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17
BipkEE 0217

RAREBAR T AN EWY T A 2S5 FD
MHEE AR 7 b ONTHRETE A 1 = X b DfiF A

BhECBFFE3E - BIT 5 (R k%
EEBFEE FHEEE (EEXE

1. BFFR B B9

AWFEDITRATL B IBIL, TART I OME M R UEEBRRBELHLLIZL, o~
DTHEMED 5RO T BN ODEHEGEERZFEN T2 THS,

IR CHEAKEDDRNHITE WK OEEELZ I, SEOEZERLEEE
BEERELSTL VD, E, HFICEEM T, EEICIEE NEL BB 25T
2, MEERTZEOERERNMIIBON TR, FIASN T DHE THF DIEW 4 FE 1t 13 iR
DTEN D, RS HHEEOR 20% S EEEEDEEEST TS,

HOEOEDIZ, BERET. DD VITBRLWEBREETOEFICAET TXS, EEEY
TART TN (Mesembryanthemum crystallinum) V%, Hi IR BT AVSTEE . DV T ER
FEICBETIETI7IIREDIFAERTHD, ARITHE, B, 5t R MEEZDR
R DM EE > TRY ., WA EFEBREDOE TN T A 500mM) 28 e HETHIE
BWTAT AN R TEDY, ZOBYPEAN RCELEND L, REREICHDT Ty
F—REBEFINSMIA N SEE A RESE . BEEE T D, SOICKAREEE, A5 - AFRL
BbD CIRMBLYRT L - Tl D CAM BA~EBERE D, TART SV MIZThETERES
RICRED e B A RBAR PR AN AME BB LT T 2ET MEMEL T, 2O R
RENTER,

T Iy — Ml LRI BT R B I R AL AR AN REIITAEMICE LA b
%, BlxiE. AWM D Atriplex TIXERTITEESBESNIN, ZOBERENDOED
HBENICEE 5§ DI LBREN TG TSI F AT TR, 7 T9 5 —MBIZARN 2D
IRVREETHH EE DT R TORESIH;LL. RESMUDOAK S BT EMHE LT Y, A4
JEDFEIR - RESIEL, ANV ADBRIRLHE Y DEICL-> TR, MAN B E X B LMEAIC
FEENECEELTAIEND MOIFEELL THETILEEZLN TS, LBLINET
DR FTIE. 7 T70F —HBNICERSNE O BT ETH20 V. EEFDOAY
=R AR B2 T AR DB ENC OV TIRIEEA RS TVR, $7-T 594 —
Mz OB A FITELEEEN TR, Z2REEFE T, W OEELZTAN, BET
LPEGCFEEBTIDIENTHD, L. TAATIVNOBFICHEFRERELTE
REBEEFEL, TOILHIFREEICOVTEREOEEEERT\V., 7 Ivy —Hla% i
TIR VR E R AR 1 BB,
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AT, 7 5vF —KIBEREORE BB ELERIGEZFHEL, TARTZ O
i B ORI AR T BT Ty — MR D& BT OV TRELT, iz, & HET RDA
HBICED TSy — MR B b R EF O RMERA T

2. R GE
2.1 BERPOBEHE

FTART T M Mesembryanthemum crysta]]zhum)@ﬁéﬁkkf?yéf—%Hﬂﬂ%j%f:tgb N
o F — IR B R B RR L, BRERIETF LT HEFREAHLFRLL, i
B LB L B 4 T B ST, EEARABEIIELA LR ST

BIFE5%TUFRLILTREZBE LK, 4.0 g/L AT F R =7 R 1.0
ml/L =aF 8. 1.0 ml/L EYRFI Y 10.0 ml/L F73¥,100.0 ml/L A/ b=/, 30
/L Arn—REETTAEREH EICEE L, BEUAME . MHLIEDEET LS
o MeBIEL. WM B A ERE L Z—DATREENTH 10 AR TFREE L. &
EIT. 1/2 BEDOKEATRA QT ERE RV, pHZ 6.0, RUEC & 1.42 IR T, 283
%@%L:iibf:@ﬁk%ﬁt‘/&—f:—/wﬁzm0)/\@-3:737@#%%%@:%%%51/7‘:0 1 >®
AR A EE B 25 BB LR, #RE 45 A % . NaCl % 400 mM, X U* 800 mM [atrs
BIHCHEERICRERML, ELEEREBELIS

ERREME. R OEEREFRERSEICIBRICAV B, FEEHECTLEREDS
LRI LT, B3 ERICELLESY, BEAEELIFET 105 on RYRYNE
B UM EA EMERE S — D =— AT AR THEF LK, pH 5.9, KT EC 1.42 [hagoS
S 1/2 BEKREAYZ A DMK UIREE B #EAK LT, %7 35 A%, NaCl & 300 mM 12725
ISICHiR oA FAEKLRBFL TS 2, LB ZRELT,

FERETEMECLABETAVEEL, AELEEX LICEELTLER EE B
L% M+ N—3IFa2T5/h=1:1%5Te 1/5000a U7 F— Ry MCBHE LT, X, 7 e—
ZF s N — (B 14 BRI JEBREE 1400 pmol/m?/sec. IREE : 25°C (BA#A) /20°C (FEHA)) A
TF o7z, HEALFR X T 350 mM NaCl & 1/5 Y AR — 7 5V RYRTRICIR UK 3228 THR
MEEFRIALTC,

2.2 YUTIVTLEFRE

g AREBENS 1 EMCEIC 4 B B heEosBRRIELL, DV THLER
LRICHT. TRENDAEEFRIE LR, H EEITEbIC, . EROBECH T, ThTh
DB E L,

2.3 TSv& —HRIE DEE
SRR LAy hD S A B LB | X I L TERIL 72V T AF A TY— T, TIvF —Hika
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FICE ENIEFEEER Uz, COEEIXEFBERE T CTITRo7, EiT 1~1.5 cm ITEIVE
D.FETABRBIEL, DNVTERANT IvF — M T DR EZELRFITERLE-, BEIT
A—bEtyF—TRELE,

2.4 E RUOE®D NaCl EEOHIE

EMELRELCERVEOMBEA G T CEMRL, BRLEY TV 1g% 20 ml D&
ik EEHIZIL SR TELICERML T, 3000 G T15.0EELOBELZ, EBLIEE A TIE
WBLT, BONARIEBMAZMZ 50 ml &L7z, Na"& E1x, KANEEEZANCLE
WIS SR (B, SPCA-626D) TRIZEL . NaCl BB CIER LR ER TS BE
Bl CIa &, ¥vE7)—K A4 5475t (Waters Capillary lon Analyzer) TRIZEL,
NaCl BERE THERLERERPOEEXE L LI, MK 5 ml 2EATET—b 045
umHV 742 — T L7z, 0.46 mM 7 =7 BT 5. 7 =4 A BMRE v 77— EfEE
(4.6 mM Na,CrO,. 0.031 mM H,SO,) &M x., 7 =4 HA Eff#k \v77— (pH 8.0) &L7z, T
DNy T 77—l T e AN CIEEEZRIELE,

2.5 EFEBEAWMSE. ROEENETFEMSEICLMMEEOBE

WAER 25 A BOFEKRLERKODESRE L, EEBEMEE (Olympus, SZX12) THE
Lic, EEREFHRBETEETIEDIC, EOREORE AL 5T, )k £ T Extrude Wash
Base & Extrude Wash Catalyst *[A&RE Y, EABEME CHELEZEORTIZHE FLE,
bt ZELLHPLTEESBIED LICR U FEOE, L CEDRBOR 257, Z0D
BNCE B EFERDDWAT ARy ZY o JHERE (HITACHD) T 3~5 HIFELE2RES
Bio, TOH ., EEEE FFAME (HITACHI,S-2050) TEDR EH OMMEE LB E L,

BWHLEE 34 BREOTFAKRLERKOR EAUERELEE. @B FBREFHEME
TIRMEEERBE LT, BLZIT Ueno et al. "D FEITHE-T-,

2.6 RDA

RDA 5i% GeneFisher™ PCR ¥ 7' 573325 A (TaKaRa) AW TIT o7, FV =&l
FREESRIE Hind I C, ZEK, RUCHFAKDS /5 DNA 1g Z2HRAL, ThENT 24— (£
ZR) . RURIFAN—(FAK) L LT, PCR RIS# OB I8 E Y OHMi{L 121X EASYTRAP
(TaKaRa)Z Az, TAZ—ERTAN—D DNA Bt 2 AT VE A XL T, AUEFI O 5%
BREL, ZOEEE3EZEDRL T, ERKRICHERA: DNA BT 2L,

3. MARRERVEE
3.1 EHFRHEDOIEE
KRBT TIvF —MAOREECHNMIL. BEOR BT BRELAN REBIZE-TE
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b33, 7o50F —MiaE. BEOBELGET CRESHIVIZEDOREAICEEL TS
. AR RIS 2o TSI ESEL, RENPDEH T2, RRLAKETIE. 77y
B —#IE L TSR T 30027 I EENEY : )Y —E—VEROBR TRARICERDL
NBELO; 2)RF TREICEILONDED;3) BRT, EHRPAIKBESNDLOTHD,
IR, EREMELEERNEFEME CRELLEFRAUOFBEZLIZ, ZZ T
EMBELFESDOHETT, BAREE T, DORICHEINDY —E—IRDT TvF —
M RNEEES N, TOMITE LI IC L > TRERBERICH T, ERKTIE, 795
— A IE LAY B ot EOEMTIE. RALARICHFEKROLIBEINIZ (B
of), BEAIOT SvF —MEIIRAMDENIVKREP 0T, BT REREEEHEEICED
N DTSy F—HiaE. O EICHEIRBEOT SvF —MBAPEEIN (B3, EEK
Tix. KEOLOR EREHEBE/ N OT TvF — DL BEESNI,

TOIHCERGTIH. REREOT SvF —BORENZLNIZNI L, i, BAKRT
B ITE bR TT To s — IR IR ETHIEN DY 0T, iz, 7 Ty & — kL o+
DT ICIZ T A KL EBKRLOBICKESREVRONT, 7 T7v¥ — RO Z
2B EFOACERERDPFRINIEEADNI,

AR, BEAETFEMECRELLESHENE R L, 7Ty —MRITEVE
R OEMN SR AT ) HlGr a3 2BE CHRENBE, BeRERFER LT TvS —
WA SN 0T, BAKDEEREICHLEMAROLDE, 7TvF —fHIADRBEE
2505 (&), ZHIEEMEOK 4~8 BHITHE Y LT\, 7 T7v4 —Hilaid bk
Ui e ERET BRI LB EL AR, FAKICH D THRABEELLES DB T
BEL QW

3.2 HMABEICELIEREDE

255 [0 A I, EAEEOH E A B OB SR LI, NaCl 0 mM, 400 mM AEKX T
. AT B ERORBICHS EBEDEMAHLNIZH, 800 mM LB X TIXIFEA LM 2
Bhol, BAKLEBBROAEBICRITHEIX400 mM LB K TRICKEL BLBERT.
14. R U2l B BOERHOAEEBIXTARED 66%. 58%. R K55% Tholk, £RELE
WECIEMLI-E AL, BERAREERAEONL (F -7t EHELEELRK.
400 mM B R CHAREIERKEDERBKRE R o7, TNHORERIETA AT 7V MO
B, TS — AR KELEELTWAILEERLTWS, TARAT T MINE B
ERDOEET Sy F — M~ T BIL T EICE DA A AN AEEBEL TVHEZE XD
NnNa, EEEBELTALNET AR OEBITHEBLIENIBELHL, EROBEFZ
NaCl ZEFEL T3, THEEEIIN a—bOERLIZbDEEZBN TS, TAAT TV D
TSy 8 — AL R R R A LIl L E X b, ZOMBEOSEIZ OV TIXRN 2 —AD
BB B IRDIEEDND,
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3.3 EHMERNDEEE

5K BT, MABICEIEEH TV D NaCl G EDOHEBERLIZ, NaCl EEIT. £ F &
ZRBLT, 400 mM LB X THEEF ICKRbREREED DI, £z 21 B B NaCl L33
L TART ZUN—EHT-DK2gD NaClEEFE LTz, THL® X, TA 27T h2 100 mM
D NaCl ZE LR IR T 49 BREARIELIEE S . —BEHIZVH 15gD NaCl #ERLIZZL%E
BELTND, ZOZLIIRIEDEZBSEPORETEATELZERL TR, AEMNEHEE
DOEEERETE/) =0 uy T LLTHEE THIILERRL TN5,

TAARTZUMET R LEENICERE 5. VW5 sodium includer ThHB, 7T S5v&F —Hl
Jar O ETAEFTEREOEMCEVIEMT (T —FIRET), BRENE TEHL4E
BEDOMEICE-TT Tos —MBEORZELIFI NN, HRIEOERE R 400 mM OFE&
Wi, lem® HIZV TR TRSUDEIREZEE L, ZOREIX, 7 T7vF — K035 DT E
HOVIIEEFBELL THEEREL QN DIEEREL TG 211D,

TIvF —HMRICEENDEOERCEELZMEL. EHL2EDEOERICKN T Ty
A —HAOBBRELFAN- (B6R), HAN ZDRVES . BWICIT AV ALF R A
FrDEEREL. TIvF —MICE ENIHEAA L DOEEIIEEEDT %, R U8% TH-
oo AN RZEDL RS TINLDE BIFE T L, 2DV Y A(F L LERAF LV DOE &
MEAEITEMUIz, 7T F —HIRICE ENDENLOE BTV TRLELEDNELZ S
Wiz, FFAKRDEEEIIERKRDOKIL. 5fEL72o7, TARTFU N AW TEREEE (7
TANAT A== al)fTHDIIE, T — OB EEBELZEOIIENEE THD,
TIvE —HIBNDOFTNY LA OERIT RIBEICHD Na'/H 7o FR—F—LikhaE
® ATPase, TNIZ H'EEFEHEICHIEAEINTWD, EE. 7I0F —HBIZBITHIhbDIE
PEIXMLOMIZ L0720 E WD, TR MR POAER A ETHESNDID, ZORERER
Eix, TN L/ Tab T U FR—G—LERE LI T NIV L/ A )V b=V R —F I Lo TH
BN TNDEVIRENHD W13, EERICBDTINODOFEENE DIICE/LLTWED
DEBRIRVY,

3.4 RDARIZEDT Tv & —Hllaf &= F 0 BB

T =M R ERREREKORABIIBATFIRLBILLLS /L LOBEFOER
R ML7ZH D THD, RDA (representational difference analysis) 3 W% AW TE AN B X7/~
BIMEREL, 7 TvF — MK R E G T OEBERR BT, Kikix, LT 3HE 05 A
LETERDHDEYE PCRIETHEIBLOBE T 25 THD, RDAKEILE- T/ /2% LT
R EEBRCGHFETIERBARELT 11 @D PCR EM2RBbN7 (%7K), GenBank M
T =4~ —AT BLAST ICLBMHRIMR R AT o/l A, B L2 11BEDIa— D55,
SEEITELEHRESN TVRWEEF& FeOSERIZERE S ) 2HD0 T 235 VR —

-197-



14 16 3

A RNA LHREHERE oI, SHICEVIBER=ZEFTFUFRTRIT—E, HDVE MAP
FF—ExF—BLHRAEIDHoTZ (1K), THhEDEEFNT TvF — MO ELEE
FB0H, BELTWEDTHIUZEDIICLTHERL T2 D5 H BINNTTAUEDRDHD.

P EDZEnn, TTvF —HEEE. ERNONESHRBENDELRETHIIET, MERE
FCOTART T D EFEETREICL, BEHIVDEE BEEZHD TNHESZOID, =EUR
TSyF — MR, TAAT T OB E. BRUMEEFEREVTHICHLEEREBRIZRIZLT
WHENZED,

4. 5 ORE

Sy F—ADEEREOR b, BEBEET TATRORI. OV T LRNLO
WE DR EEOBMERT EEZObND, AEE AV TREEEEZHENHIITILDITHE,
7?yﬁ~%ﬁﬂﬂ@ﬁ§%§ﬁ%%éBt:‘ﬁ%wf:Y/(xf?‘/hﬁZE:Eﬁ&ﬁ:%{’ﬁﬂj#é@%10@9‘5
L2 LN, TOREDICIE. 7Ty — M~ DE#% - EEAN =R LERDLIICL, 77
~y5’°~—%ﬂiﬂﬂ@ﬁéﬁk%%@%41‘%%&%#6%&%%%%&@%%Eﬁ%éo TIv s — R
B TROOFFEEED S ETHERFOH R THY, 4 EERELC RDA EMIZONWTOF
MR EHEED— B2 D THDD,
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Fresh weight (g/plant)

14 16 3

wild (x 8) mutant (x §)

3E EEEOUAIEE,
300mM NaClC25 HEEAIEL 7=, 7 3—(30.5 mm.

wild mutant

FAE FARETFEMESICLIEOMHMIEE.
300mM NaCIC25 HEEMEBL =, ZRIZTSv4 —iia.

2
O o wid ]
150 - @ 0 mutant 9 8w1lct! t
[J 400 wild ) mutan
B 400 mutant S5 F O 400 wid
B 800 wild a [f] 400 mutant
[ 800 mut = B 800 wild
oo [ O mutant ] 800 mutant
5] 1F
€
Q
o
50 | S
Q
=

L

14
Days after treatment Days after treatment

FSE BABICELIFSERSENCIEEDEL. A, BEREE B, BikH-YDONaCIEE,
0, 0 mM; 400, 400 mM; 800, 800 M NaCl.
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0.3 0omM HEHK omM ZEE
O s5v5 —sams
0.2 B ==
NE 0.1
S
[@)]
E
a— 0 L = Lol
C
9
G 03
o 400 MM TR 400 MM T2
0.2
0.1
0 i S 2 .
Na C K NO;y Mg Ca PO, SO, Na Cl K NOy Mg Ca PO, SO,
B0 EHLISVE— IS ENHIENERLEE
M 1st 2nd 3rd 4th
5,000— . Z7E HEREEEERORDAEY.
2,000— 1,360
1,000 — (s — 1200 1E~4E. DNANATUFAE—2a>
- == g50 CPCRIZ&DEIEET-EMETHR
§ Zgg — 25 JLTHKEILT=.
200— N
400
300

15 GAEREEEREOERRISRIIRDAEY.

. GenBank .
Clone Length (bp) Organism Accession # Homology with BLAST

1-4 1360 Spinacia oleracea AJ400848 Chloroplast genome
Aaranthus tricolor AF254866 23S ribosomal RNA

1-5 1360 Spinacia oleracea AJ400848 Chloroplast genome
Aaranthus tricolor AF254866 23S ribosomal RNA

2-1 1100 Arabidopsis thaliana ~ AF127565 ubiquitin-protein ligase 2
Nicotiana tabacum AF165186 MAP kinase kinase mRNA

2-5 1100 Spinacia oleracea AJ400848 Chloroplast genome

aranthus tricolor AF254866 23S ribosomal RNA.

3-1 774 ?

4-1 750 ?

4-5 633 ?

5-5 533 ?

6-1 462 Spinacia oleracea AJ400848 Chloroplast genome

6-2 409 Spinacia oleracea AJ400848 Chloroplast genome

6-5 425 ?
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Elucidating mechanisms for salt accumulation and salt tolerance in the facultative CAM
halophyte, Mesembryanthemum crystallinurm using a mutant lacking the salt storage organ,
epidermal bladder cells

Sakae Agarie and Akihiro Nose
Faculty of Agriculture, Saga University

Summary

A facultative CAM halophyte, the common ice plant (Mesembryanthemum crystallinum), have adapted to
exiremely high salinity condition. Following salt stress, ice plant develops epidermal bladder cells (EBC) on
all aerial parts and accumulates salt into the cells. The EBC has been thought to be a salt excreting system.
However, the contribution of the bladder cells to salt regulation in growth of ice plant is less understood. We
have induced and isolated the mutant lacking the EBC, and examined the roles of the EBC for salt tolerance
and salt integration of the ice plant through anatomical observations, measurements of biomass and salt content
under the hypersaline environment. In addition, we have tried to isolate the genes responsible for development
of the EBC using representational difference analysis (RDA).

Observation of the structure of the lamina surface using stereoscopic microscope and scannirig electron
microscope showed that the mutant has only little EBC on the surfaces of leaves and stems. Whereas the
wild type has the elliptical (sausage-like) and circular type EBC on the surface of leaves and stems,
respectively. Another anatomical features were almost identical between the wild type and the mutant,
suggesting that mutation was occurred only in EBC formation. Observation of lamina cross sections by the
transmission electron microscope showed that the size of one EBC corresponded to about 4 to 8 epidermal
cells. Following salt stress with 400 mM NacCl, the growth was inhibited in larger extent in the mutant than in
wild type; the fresh weight of mutant at 7, 14, and 21 days afier the salt stress were 66%, 58%, and 55% of that
in wild type, respectively. The NaCl content per plant in the wild type at 21 days after salt treatment (400mM
NaCl) was about 2g, corresponding to about 1.5 times of that in the mutant. The NaCl content in EBC
occupied the almost half of the whole leaf NaCl content, and the content of wild type leaves was about 1.5
times of that in the mutant leaves. Using the RDA, we have obtained 11 PCR products as mutation region,
which exist in the mutant. The homology search by BLAST in the database of GenBank showed that five
clones were novel genes and other five clones have homologies with chloroplast genome or 23S ribosomal
RNA, and one clone has homology with ubiquitin protein ligase or MAP kinase.

These results clearly showed that the EBC largely contributed to salt tolerance and salt storage of the ice
plant. The EBC may sequestrate salt from inside the leaf, and it seemed to enable ice plant to survive under the
hypersaline environment. The increased growth under the hypersaline condition increased the quantity of the
salt absorption of plant, in turn, of salt removal from saline soil by the plant. The analysis of genes for EBC
development may help to generate transgenic ice plant harboring extremely high salt removability from saline
soil, and to advance environmental cleanup using the plant, i.e. phytoremediation.
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