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WA T A AT 5 2 N OISR 72 b ONTHERE A 7 =X A OfiFH
| BORAFSRE - B % (EEKRE BEEFEHN)
HFEFEE - FHEREE (EERKE  BFE)

FA AT T b (Mesembryanthemum crystallinum 1%, K EZIEFRRBEOHE &+
BTHLERICTA THA I NV TE DY TH D, AENMEICEET 5 L. REEE
WZHBT 5w A —HA (BBC) & IiThAMazRESYE, TIIEEZERL, SbITEE
B AR, ARREMNTI CIBRMBLYRT LR ED CA BINEH D, TART
S hOHEER. RUTHEMEEE LTS 7200, BT E RS LTS 2802%
BA 27 ) —=0 7 L, EEET T CAMIZ/2 720 CAM BIRIBZERAERIR L EBC &
272U BBC SR B Z BT 5 = L ITARBh Uiz, MEEREROBRIGH, A(LFRSEZ TR
L, UTO#EREE:,

1. CAMBURIBZERE R

C AMBIRIERRDEIRIT. CAM MM DEE RN T2 Z L ZMMA L, F937
MR 7 Y —=2 7 LT 2 R e Bl U7z, ZEEBRTIE, CAM IR R D BRI,
BN L SROEREMEE AL DN 0T, E1-T v 7 OEEE HEAKRE DKL,
IEEKKIT. CAM Z4531T A IRBAMRE RE LI BRI B X2 b, BAEMKRLZE
SRISERRDIEE )5 RNA 2 BEE LT~ A 7 1 7 LA Z4TVO HEERIZAE 5 49 1600 EDE S
FORFEOEETE LTr, EERTRAENFRISEN U CBEFIZITEDHY, O
it ¥ U~ F RS LRy ERRHIREAR S B O L) R EE I BRE Y S8
FRo F—FUUFELH L RTED LD IR AVE VIS L O AEE . RO
BROT 7 FLBGETREEN T, T, RESEEIC (#50%) iz biBET
1% 65 T, DI, HIC X AREFEIHE SHTOERARE ) —/VENVE VIR
NERLS—BBEF. TaTT—E, RO = M ARICEb 2 BEFENEENT
Wz,

2. EBC KIBFEARIER

EERIETIMEE CREREOMIMESEZBER Lz e 25, BFAKRTIE, FEHOMME,
FEEMEITEBC A L < FE L TRV FBC OFEITHEIR K- TS 2 Z & 03bhoT,
—F. BEHKTH. BBC ITEQERNTIICHIZEAEARALNT, BT L B2 ) EBC
DREEEIFRAOLTHOTNCHR BNz, ERICEKIETEOFEIIERKTRE P,
400mM DAL RV 7 AEETeEEER T 21 BREEE L2 L 25, BEKOEEITEFEKRD
K 60%F TIETF Lz, EEABROEERTIL, EHICHIENBILL, NI F VA
RFURBE U TWAZ RSN, BFAEKRTIL, &S T 2g D NaCl ZEFE L7203,
BEED NaCl BREEILF DS ThH o7z, T 0 NaCl ZFEEDE L, BRI L AR
BDOENNC LD, BAKTIE, HRNEENEL, 2o ERE T ChbAETEEHERT
7=, BBC OIFIEIL. WARSERED LHEELHER L, RERE T COIERRESIDHE
B, OWTIIAREORFFEFRRIZTS LB b5,
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' BIRAASEE © BT 5 (EBERE BT
HEEFFEE - FHERE (B BEE)

1. HERE

KRR DTREN: BIEIL, AR TH AT A X775 v hOMEME 2 b N EEREE
BAEER L. VER~OTHEEA 512 L 2 RENEDER, FMEDE AV BETENDOD
EEREEORITH D, '

FART T N (esembryanthemum crystallinum)iE, 300mM 500mM (EZEELT 1.8
3.0%) OHEfLT N AR ELHETHERILTA TV A I VEFEFETE 2IERTH S,
IENEICTEET 2 & REEREICHD 75 o A —Ha FBC) & KITh sl FESE,
FrITEEPERE L. SOIT, HABEEA R, AXREVRLD C3RNBLIRT L RED
CAM BUAZEHR SR B, AL R IH DAL 5 LA AR 2 b NTBRR A
b L AT 2RI 2T VB & LOER SR TR P, L L, TRETORR
T, CAM B AREIERETOEAREARELT 2 ERIC BT 2RA1E < CAl
M%ﬂﬁ#5%&%@%E@%@Wﬁﬁ%ﬁ@%@ﬁ%b6%&%ﬁ®é@%ﬂﬁmmﬁ
i Ui iemote 9, E7o, EBC ICBAL TR, AM@aF ORERELAE L AIES
B3, EWEEDAN=R A, 725 NIRRT 5 AR DR B OV TR L7 F]
HIE L AL, & OITEHEDOIEC b 5B ETF OEBEE R ANLR,

AFETIE, TART T FOBTFICFEFRE BN L CEREEGEFE L, CAl I
72 B 2RV \ZEIRZS Bl b BBC BB\ AL BAOEEERRA T, SHIT, TILTIDR
SRS B D AR (LS R R B B TR ERE L, BEFL-VLTOT A
275 N OTEEESHE, R OEERRELRIT L

2. HFEFE

2.1 ZBREEDOFHE L BK |
ZEREBARDFHERIL, PHEFREZRA L TTo7 FEBRITIE 406y & 506y D FHETFHRE
RS LB AR Ui, BT 0.43%0 MS B5iis, BS X I VRN 3% AT °—
ZEET 0. SUERIEH IR LUTx, BE1EM%, B8t (A hrIy s R200) 28
H1LERY b K%L\ O5°CITIHEE L7 B =— N7 AT 1/2 fEEEDHR—2 7 N
B E 2 THE U, B 48R4 300mM NaCl 2R —2 T NRICIERI L TS L. AL
RS LTr. CAMBURIBMRIT. CAM AES OIS DSERT HICERE LT 5 = & 2 FIR Lic, |
1B, EHO—E (0.23cmd) FEE LT pH #ERED/uu Tz ) —/L by FIZR
EL. ZORTENKRE (hit) [T sEErSEK L, BRUCERIBESE, KiE
ROEESE ER Uiz FECREs L, B L, R 1 ER%, EEE24RRIL
\2 7 B Uiz, BEE BRI EERICEE L T-80°CIcRE L. REED=EOHIE.
WRz~A 7 BT LA SRR Lz, BBC REERRIIESREFBEL TER LIS, BE
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SHTHEKEROFETFZ, B0 LBV IR - HEE Lic, #fER% 3EME T 400mM,
KR 800mM D NaCl Z2TeARHHRBEITE L, EERMG D 1 EF L 4E, EFEZHREL
T, B#HEOLE, EPHE, ROBRREZAE L,

2.2 MERE, Vrag, kRUT T UEEOHEE

TRERTE LT 3E/ER 0. 3g ZIRIAE SR CBM: LT, BRY 7 /Wi, 80°CIltfR>72 80%
AF =L OFAN, T0°CT 1 BEEA vF2_— Lz, BEKRE lm 1 1200 ToHE
L. WERE, VramEUsT 7o aB0REICHRA L, BEREIL Ku 5 9 0FE
WCHEoTe, AF —/VHEHHIRE 80°CT4 5 EHIRE, A¥ /) —NVEEHIET, ImL
DK E IR % 8 TS iz, 12000g T 10 ofEEL L, HBbiik Bl
10mM @ KOH € pH10.0 12722 F TREE Lz, A¥ /—VEERIEIIEYZ 200ml ©
Bicine buffer (pH7.8) IZERB L. BEEW% 12000g T 10 izl Lz, EEIZEENS
U P E &% Hohorst® D51 CHIE Uiz, =& / —/ /U & 12000g T5 /3@ L,
TEE % 300mL @ 0. IM BEfR N> 7 7— (pH4. 7) 1ZFEH» LT, 100°CIZ 30 438V e, EEIR
Wriusiavd—8E a7 I T7—EMZACTIORRBET VU EnfisdTs,
12000g T 10 4@ 0 L. HEFO SV a—2Z% Dubois b ¥ OFETEE L,

2.3 A 7ar7 A
2. 3-1 RNA fhH & #ifk

2.2 TRV ZEREH S RNA 2 L7z, #hHIE. TRIzol 323E (Life Technologies) %
FAVT. Taybi and Cushman” DHFETIT 77, RNA ixfi{k3 >~ b (RNeasy plant mini kit
QIAGEN) Tk L7z,
2.3-2 7 A OFERL

YRALER 30 RFFHI B U 48 IR DZES H> & BERE L 72540 8000 D EST 27 m— & £ DA
S OFERIED BAME L, BEEE R LTI6REDI m—r %8k L7z, 772X FDNA
ZEFNC T3 RONTT 754 <=—%FVWTPCR 21TV, 40 A 7 v, 7T=—V » 7IRE 65C
Tru— %R L, PCR EHEHIY v b QIAGEN) ThHlMb L7-., &= LI Tl
HE L. LLE% Microspotting solution (ArrayIt) (Z8RE L7z, Z 0 DNA K E ARy &
— (GeneMachines) TA T A KA Z X (Corning) EIZAR > b L7z,
2.3-3 Tu—T7DEHKT IV

"EHT L ENT B —T 1, FEERIGT NA ICENEX 7 VAT RT7Fu—2

(Cy3—dCTP .U} Cy5-dCTP, Amersham) % HR ¥ JAE8CTERL L7, #{t L7z h—% /1 RNA (100
ng) % 95°CT 3 fEMLEE L7z, 0ligod(T) 774 <—2 pg. 0. 5oM dATP, dTTP, dGTP
B0, 2mM dCTP, 0.5 ==+ hf#sERES (SuperscriptII, GIBCO). 2nM Cy3-dCTP TR
Cy5-dCTP ZEdeARICIN %, 42°CC 90 GG & 1T o7, Rtk EH T b (PCR
cleanupkit; QIAGEN) IZ@ L. F~VYUZERVIAEN R bER, 2L NTEEE R
FE LTz, BULIENEEET 30 pl ITBREL. 3.6XSSC, 0.09% SDS %&Te 9% A7V X AE
—3 3 UBIKR (liquid block. Amersham) |Z&FE L7z,
2.3-4 TLUA L DNAT YV FA = ar ROT—FfiEhT

Ta—TWRRET VA LZOR T, AT T ATEST, AT7A RKAT A% 50mLF

-222-



13 | 15 3

2 TOEICEE L, 65°CT 12 BR i, £, 0.1XSSC & 0.198DS TH 5 TH.
T0N0. 1XSSC T 5 45T Lz, #0ks 21 ScanArray3000 (GST Luminomics) THR
WL, f##7Y 7 b ImaGeneIII (BioDiscovery) %MW THEHT L7z,

2.4 AFHAE

BBC /ciBZesRis Bk L BPAERRIT. HEAOER 2 RMAIKHREE M HBLY BrE | FREICT
F. FNENOAERRE LT, EREIIERET HAYASHIDENCO, TYPE AAMF8) THEHIEL
7. AERIER. £REY 3 BERRESE, TNThORMEZEE LT,

2.5 ¥ FUZEDONa', FOCIEEDHEIE

s A . TER VDML Ak CEBR Ui, BRLcY 7/ 1g % 200l DB
Wk L & BICHSAT T HICERL T, 3000g T15 AShEOSEE LT, EERNRE AT
EBLT. BbhARITEMAENZ 500l & L, Na"E&iE, SOOEEERN T
55 . Ve AITEE (B, SPCA-626D) THIE LT, Cl &EE, F¥E7 ) —RA A
L ASHTEE (Waters Capillary Ion Analyzer) CHIE LTz, £7. M 5nl 2T BT
— 1 0. 45umiV 7 ¢ L Z — TR L7z, 0.46mM 7 =2 BT %R, T =XV RERE Ny T
7 —EHEE (4. 6mMNa,Cr0,. 0.03ImMH,S0,) &AMz, 7 =4 EERE N> 77— (ph8. 0)
&bto:@ﬂy77~K%V7»%Ahdﬁ§%%ﬂﬁbkowfh&N&b@ﬁ%ﬁf
R LB b EEFEH LT,

9.6 EREEMEE. RUEERETIREEC X AMmEEDBRE

$EFE 35 A% 25 B E 300mM NaCl THRALER U7- B AEkk b R BRRDIEDESR & FEIRERM
4 (Olympus, SZX12) ZRVCEEE L7z, AEUEFHME CRET 500, EORAE
DFEI% L ~7-, 7k FTExtrude Wash Base & Extrude Wash Catalyst PRIEEYE. E{A5E
fsEcEER - ORI T Lz, B, BRS2ENSHA L TED LR FEd
ﬁ\%mbfﬁwﬁﬁwﬁ%&oto:@@K4iyxﬂy&UV7%EGmmm)f3
5 NE L AR IRE ST, FO%, EERETFIMSE HITACHL $-2050) THEORMED
WHmEE T BE LT,

3. HIERERRUEZR
3.1 CAM RIBZERAEEA

T4 275y M CAM BHE DR TN 41T 5 E 7 MVERIC /2 0 D0h D YL T
S OISR B B LT B2\, ARFRE T, PIETRERRIRE L TRIRERE
i | SRR AR D CAMBIBSUNERIA L 75 v & — MR RSN R DR,
BOEBER AT, PHTRIL. ) MEEOKEBOERFIEFRIEITD, BEFD
HEEDT-DICHT D &) LY T 1T v 3 VRO RA R AR B, TART TV MO
Fi2 20 120G v OFMETHERE L, EWEOEFFEERE LI LA, 0Gy 506
v DFMETEE B U B CERERK 50% L Bote (F—HIPRad), RHERT
NIVEWEAFERIET L, FICBHEMEN EERENEEAER LR T,
Ute 28> CABFZE Tl Pl FR%E 0G v & 50G v N ENRE L1 2 RERET 52
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iz Lz,

C AMAVRIERRORERIE, C AMEYOEG DEEICEHRE T2 Z L 2FHE L, 4
BEROMEAIZ 300mM NaCl 25 % 1 BREEEE Uiz, BEHO—H 2B LV HFERLTr o
n7x /)=y RIZBE L, Z7un 7z /) —/Ly RIOEE L-ERDNEBHICRE (b
M) ZoRTEiRE CAM BURIEZERAE BrE L U TRk L7r, BBC BB R
hliz, Table 1 IZRA 7 V—=V T OfRERER LTz, M2 HRTIE, 40G v BEZH T,
368 A/ (7236 fAFK) ., 50G v T 1149 Zf (18317 AR ZFhENHEL. 685 RFED
CAM BURABZEE BRI 22K LTz, TD ) B 86 RMEIMT S DILBERE 2= Bk e &
ATz, CAM BURABZEIRIE BIRANE U ASBEEIE, 40G v T0. 3%, SOG v CI%0.4%TH
Sf, B U-EERT B SE, TERICOW TR EBR R 1T 72, M3 RT3 cAM &Y
RO HBSREL 0.7% 720, DEHLME T 2ERICH o7z, DX 57058k
DFER. 2 /H# (25D6 K UN351) % CAM BUKIBZEsRAHM & U CHEEL 2,

CAMAES X, ISR ERE CO,2BELTY v ImE AR T 5, U ‘/ﬁ@@%ﬁamﬂé
WIENITERE LT 5, £, U v ImARICKRERFRERETEDLT 7 DR
THELNATED, BEIET V7 UEEBEMET 5, HICBRISARET, U /:@‘%@
SR (BRERER) I2E - TELNECO,nbT v U BNERSND, Lizdi> T, CAMEDD
EHTIE, WEICRY VIMEBEOENE T V7 UEBOETA, B FIZEF 0RO KRG
NI BND, CAM BIHBZSREEMN Z D L 572 CAM DEEE L TN B 2R 7=0
12, F#t 25D6 DA pH, EHHIRROBERE, T 7V &E, RO VIBEED
AEERIE L. Fig. 1), NaCl 300mM 2Eieissi@ sk L 1 BB Lz Z A,
BPAERETIE CAM SR8 &L, T L7TE B 1T 888UAT 72 CAM D BB b XS — 3 BTz,
Fieiob, FARRD pH IZEFN LFIHICNT TREE T L, FEPOBLERE L, —
77, EEHTIIRFEOBRMELIIEED bV, pHIEFRT1 ORACOTNET L2 Th
o7z (Fig. 14), BEMRE CBEL AL Z A, FAKTIIRERD GFFIFIZ)
BB DS E BB L7c DTt L, ZERER TR, BRESIXAFRT 10 BRThThNcgm L

(Fig. 10), X biTV v IABOERIET AR, BEKOT NS pH RUSEEBREDORER & X
<—% Lz, BEKTIE., VyadBOEBMNTEAERLNRN-T-DITH L, BART
VAR 10 RIS FORARED Y v IBaERENnT Fig. 1D), /7 = UBEEIZIZZ
X O EmITR T (F—ERET), Lzdo T, EROBRED BEKIL, U IBO
ERCHIEFEL QWD EE X b, T Va0 BB KT Rk b B AR TR
EMEZR LN, —BZ@E U THAKRLI VKRR L Fig. 1B), U EDZ b, &
ERRIE, CAM 2HHE ST 2 ERAHR, T7bb ) VOB, 7oV RUT V7 AR

BBANRKELTCVWDEAERELEZ b,

EEBROBETFORBNY — 2R D oI, BAEKREERKOESHOE
BEL7ZRNA 2V T~A 27817 L1 21To7 (Fig. 2), A4 707 VA IEIEIRR I
TFHET, —EIET BHOBGCTFOFRFERAEZRAND LN TE D, ABETIE K
1600 DT A 2R 7T N OBIEFE DT VA 2RV TEER & FAROENIER I
) BEFEBEOENEFE Uiz, 300mMNaCl T 1 BB U BIROIES 4 B5f 6 FRIER
B L7z, B L7-ZEE DO RVA 2 L. ZDORNA 2237~V L CTERL LT cDNA &7
VA NATVEAL X LTz, 5B 2RICIHRE L2 EFOXRREL B FEFIBRL
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7. BEFORABITEREROELS FFLORESDLTREIND, HFROERIT
B ARE L ERMORHEENN L 11 OFEERLTWS, Lo T, ZOERLY ETH
2EEFIL. TERCRBOCREATE SN b, HICTICH D b OIEFEHEIIE =
FEEFTH B, BEKCREN 2EU EEEICHEM L2 b0iE 1 TEH Y T DOFITI,
B FURER LRy BRI LRy D D PRI RS B B I BhE Y
BEETC. A—F VATV RIED LD BRAINEVRIGIKEE L TV DEET. &
UM B DT 7 F L BEFREEN T, Wi, BRENFEIC (]150%) Mz bni
BETIL65 BT, SART ) —LEALE VBRI VRF LT —EEEF PEPC). TRTT
—¥ . RUF= b= ARICED A EEFREEL TV, Zhbid, 74 A7 72 MZ
BUNTHIZ L » TERRAMTHE S NS L#fE STV ARENRBIEF Tho T, KFIZPEPC
U Y SRRDAERICEELS EhoTRY ., ZOBERY 3— R 5 BEFORAILEELKTH
2 HNTVWED Bk, BRo )V OmEEORR L~ D, TDFRREEEIT, HanE
IC b o THEEND CAM BEHHESICERNEL TV D B HND,

Table 2 ITIFEBMICRB W CRERHFE SN O BEGETFEHIEZ ITOEL ORI, %
EAFE SN 17T BOEETD S bEDE -, BREREZMON TRV, HE
DRVEGETF Thot, DVWT, BRI, ARFBYECHIEWEEb o BE IS
27,

Table 3 1Z1E. ZEKZE BAE ORI SNIBEF EMRE S LICHE L TR LT, fex
Fe RS B B BETF ORBEL I ZZ T, BITEh o Te DB, A RBEEEET
LRRAET 1 |3 ATPase (B 21BETF TLEIT 6 8, DWW TF V37 BAMREUE (418) |
RONCA AR, 73 B, ERHECEDIEETFTHoTS.

3.2 BBC RIBZERE R

FART S N BEEWIT S & EBC NOREDBIFNTHEINT 5 Y, Ec ZOMERIC
HEES O 1.5 fEREDENER SN, FSANAOTHEMEICT 2 FFETE < »HiEa
XU T & T8, RO RSERABIL 2 < ASIBIA R TERL T DB In T 2 BEE LT pl b e o7z,
= ONIADFE X - THIRNEIZ R B 00, & OREDENENICERTIES D
KB 50D AT 2 & T, ZOMPIOEERE, 72 b NCES DB (REFeHil)
CE AN EEE LMD - ENTE B LEL LN, FFETIE, BhDA7 U —
=7 %5EL T, BBC MAVVERKS 1 EEEEET 5 2 SIS Lic, T2 T, EREE
gL ASE, WEEEFPRE L, MHEMICED S EBC OREIZRET L7,

Fig. 3 IEEAETIRMGE CHE LB EE, RUBFAKOESREOHHIREER T
5, BARTIL. EBC MBS DESENEREIC L FEL TR, BAEIC L > THIR
AL Fig. 3 A O, ZEKTIL. EBC [FEOEENTIICHIZLAEALNT IR
QLIE(= 24,775 BBC D FEE KRB A Th T MzHbniz(Fig. 3 B, D),

Fig. 413, EFAERRE ZEMOENIR LS # EEAEEOE LR R Lic, MRXTIIFE
REDAEERYT LA, HOER CRIERROET N E BESI, 400mNaCl %
SpobrkiE T 21 ARGEEE LInBe . BEEOAEIIFARDK 60%E TET L7z, 800mM
NaCl CIIFE & b2 LVWABHERS b, BEICKE RERITRD b ah-oT7en, &
MER7 B H. KU1 4 B B TEEKOEBEMEVERDB A LN, TR DR EERD
TE BT IIREN B D, EENEICA AR P LABREL NS Z LB HEREINT,
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Fig. 5%, HAFRIZEED NaCl EEOEER LT, BFEKTIL, &E CEEEZVA2
g D NaCl 2EFRETHZ &B¥bhoTe, BEKD NaCl FEITFEROKNES TH-T, Z
DX LEED T D NaCl EEITKE RENH OOV, AR T TOEAROER
IEE, ROEBEOEIICLD EEZZ 0D, FEKTIE, FHOES EBBCIZERL. X
EHERERLOERHRT 2 Z & T, BERE T CONGRHENEHRFL, ERELES
RETERELEZ BB, BBC OZNEIL, 400md & W o miKIDEVEIRE T TREL 25
Z Ebhotz, BBC OEREREHOM EIL, BEEETEN O OEEREICERILEZD
s,

4. SRORE

SH41E, RDA ¥E72 SR BME U CEAM L BRRDS ) L&KL, 7/ A EOREIL
FRETDOLNERD D, BBC BEMKTIINBENIZ L A SR BEIICEES NI L ITR
BT oz, Lichio TRERKTIE, 7/ MNP HBRIAESIATAD L ZZ 6N D,
A a7 VAEORERD D, CAl BRI BR CII B OB ST OFEE RFICH
#l%E 5T TVBZERbhots, THHBMERICHEES TN DD, &2 WIFEEDE
EFFBREENET 2H—HREIE A =X LR85 D00, EITTNLOMEIERIEH B
DOEESERALNCLTOETE, ZOX 5 2T 2@d LT, MEEERHEL LTo
CAM DABMEZZAMIZ L, (EHOTEEM SO0 282/ BTN D,

HEE :

EERFMEC X BRI H Tz > T HAEN AR RERFEEAE IR L
B L_EIT 3, $ 7 EBROBITIC B 7o o TR S ATEW IR R A T REGLE,
KR ORFEEKRARE S MTREHTT D,

5. Tk
1) H.J. Bohnert and J.C. Cushman, J. Plant Growth Regul., 19, 334-346 (2000)

2) HJ. Bohnert, D.M. Vernon, E.J. DeRocher, C.B. Michalowski, J.C. Cushman,
Inducible plant

proteins, J.L. Wray (ed)., Cambridge University Press pp. 113-117 (1992)
3)J.C. Cushman, H. J. Bohnert, Annu. Rev. Plant Physiol. Plant Mol. Biol., 50, 305-322
(1999)
4) M. Dubois, K. A. Giles, J.K. Hamilton, P.A. Rebers, F. Smith, Anal. Chemist., 28,
350-356 (1956)
5)H. J. Hohorst, Methods of Enzymatic Analysis, H. U. Bergmeyer (ed)., Academic Press,

London,
pp. 328-332.1965
6)S.-B., Ku, Y.—J. Shieh, B. J. Reger andC. C. Black, Plant Physiol., 68, 1073-1080

(1981)
7) T. Taybi , J.C. Cushman, Plant Physiol., 121, 545-556 (1999)
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Table 1. Frequency of CAM and morphorogical mutants

Dose Total No. screened Mutant lines
Generation -
(Gy) Lines Plants - CAM Morphological
M2 40 368 7,236 87 26
M2 50 1,149 18317 568 60
M3 50 434 7,145 33 29

l

N/

1
| —e—wild \C/

Starch content (mg glucose/g f.w.)

A —O—mutant B
R b v
18 22 2 6 10 14 18 18 22 2 6 10 14 18
Time (h) Time (h)
250 [ 20 e

—_
()]

: . C iid D
SEE = 16 ot /’\
TN /|
100 / 8 )‘l_,\

18 22 2 6 10 14 18 18 22 2 6 10 14 18
Time (h) Time (h)

Fig. 1. Diel changes in pH in the cell saps (A), starch content (B), titratable acidity (C), and
malate content (D) of leaves in the wild type and the CAM defective mutant.

—
™

Malate (nmol/g f.w.)

E

Titratable acidity (nmol eq/g f.w.)
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Fig. 2. Transcript expression in CAM defective mutant of M. crystallinum.

ABP19, auxin-binding protein; Imtl, Myo-inositol 4-O-methyltransferase;

ppcl, phosphoenolpyruvate carboxylase; CCoAOMT, S-adenosyl-L-methionine: trans-
caffeoyl-CoA 3-methyltransferase; PsaD, Photosystem I reaction centersubunit II precursor;
PEPC, phosphoenolpyruvate carboxylase

Table 2. Functional classification of genes induced more than 2-fold at dawn after treatment
with 300 mM NaCl in CAM defective mutant.

Putative function Discription of putative protein Ratio of signal intensity
Sugars/ Beta-Amylase v 2.01
polysaccharide metabolism  putative beta-D-galactosidase precursor 2.15
Glucan endo-1,3-beta-D-glucosidase 2.23
Growth regulators Auxin-binding protein ABP19/germin-like protein 241
Auxin-binding protein ABP19/germin-like protein 4.88
Ribosomal proteins 608 ribosomal protein L18 . 2.02
Cytoskeleton (Cell structure)  Actin 2 3.73
Defense-related Anti-fungal protein 2.89
PR-1a pathogenesis related protein (Hv-1a) 2.29
Stress responses Jasmonate-induced protein 2.20
Putative thaumatin-like protein 2.60
Unknown protein 2.17
Hypothetical 21.5 KD protein 2.00
Unknown protein 2.43
Unknown protein 3.21
Novel 2.14
Novel 2.15
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Table 3. Functional classification of genes repressed more than 2-fold at dawn after treatment with 300 mM

13

NaCl in CAM defective mutant.

15

Putative function Discription of putative protein Ratio of signal intensity
Amino acid metabolism L-allo-threonine aldolase 0.38
S-adenosyl-L-methionine: trans-caffeoyl-CoA 3-O-methyltransferase 0.19
S-adenosylhomocysteine hydrolase 0.49
Nucleotide metabolism Adenylate kinase, chioroplast (ATP-AMP transphosphorylase) 032
Sugars/ 4-alpha-glucanotransferase 0.27
polysaccharide metabolism Beta-amylase (1,4-alpha-D-glucan maltohydrolase) 0.32
Myo-inositol 1-phosphate synthase 0.27
Glycolysis Glucose-6-phosphate isomerase 0.31
Gluconeogenesis Fructose-1,6-bisphosphatase, chloroplast precursor 0.34
Respiration NADH dehydrogenase subunit 4 0.43
Formate dehydrogenase precursor, mitochondrial 0.40
C3-Photosynthesis Glyceraldehyde-3-phosphate dehydrogenase, NAD+-, cytosolic 0.38
Carbonic anhydrase, chloroplast precursor 035
NADP+ glyceraldehyde 3-phosphate dehydrogenase 0.28
Ribulose 1,5-bisphosphate carboxylase/oxygenase, small subunit 2 0.46
Triosephosphate isomerase 031
Photosystem I reaction center subunit I precursor (PsaD) 0.16
C4-Photosynthesis/CAM ppel protein 0.24
Phosphoenolpyruvate carboxylase 0.19
Malate dehydrogenase 0.28
Other RNA binding protein RNA binding protein 0.27
Ribosomal proteins Preny! transferase 0.39
Proteolysis Cysteine proteinase 0.08
Cysteine proteinase 1 0.10
Cysteine proteinase 0.21
Cysteine proteinase ] 0.22
Other ion transpoters Nitrate/chlorate transporter 0.36
Mitochondrial H-ATPase ATP synthase subunit d precursor 0.46
. ATP synthase FO subunit, mitochondrial 0.44
Vacuolar H-ATPase Proton-ATPase-like protein subunitl;]grobable 21 kDa proteolipid 0.39
Vacuolar H+-ATPase c subunit, 16 kDa proteolipid 0.44
Vacuolar H+-transporting ATPase, catal%tic subunit A 039
Vacuolar ATPase subunit D, Ac39 subunit 0.50
Vacuolar proton pump subunit SFD alpha/beta isoforms 0.32
Vacuolar H+-transporting AT Pase, subunit F 0.32
Mediators Adenylyl cyclase isoform DAC9 0.35
Defepse-related Gamma-thionin 0.41
Stress responses Myo-inositol 4-O-methyltransferase 0.18
Detoxitication Peroxiredoxin TPx1 0.45
Catalase 0.50
germination related gene PGP219 0.45
Glycolysis P-glycerol_mutase 0.16
P-glycerate_mutase 0.40
Amino acid metabolism Methionine synthase, cobalamin-independent 0.46
DNA binding protein KappaE3' enhancer-binding protein NF-E1 0.48
Unknown protein 0.49
Unknown protein 0.27
Putative protein 034
Unknown protein 0.33
Unknown protein 033
Unknown protein 0.46
Hypothetical protein 0.49
Albumin 2 0.50
GAST1 protein homolog 0.40
Putative adenylate cyclase 035
Putative DNA binding protein 0.30
Unknown protein 039
Unknown protein 0.44
Unknown protein 0.34
Unknown protein 0.43
Hypothetical protein 0.28
Novel 0.46
Novel 0.37
Novel 0.34
Novel 0.50
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Fig. 3. Scanning electron micrographs of adaxial (A, B) and abaxial (C, D) surfaces of
Na(l-treated leaves in wild (A, C) and CAM defective mutants (B, D) of M.
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Fig. 4. Time course changes in growth of the
wild type and the EBC mutant after salt
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Genetic and biochemical studies on mechanisms for salt accumulation and
tolerance in the facultative CAM halophyte, Mesembryanthemum crystallinum

Sakae Agarie and Akihiro Nose
Faculty of Agriculture, Saga University

Summary

Mesembryanthemum crystallinum, a facultative CAM halophyte, can survive and complete its
life cycle under high salinity condition. Following salt stress, M. crystallinum shift its
photosynthetic mode from C3 to CAM, and develop epidermal bladder cells (EBC) to accumulate
salt into these cells. To elucidate the biochemical and molecular mechanisms that regulate these
processes, we have established the large-scale mutant collections generated by irradiation of
fast-neutron in M. crystallinum. We screened more than 30,000 plants over three generation, and we
have isolated the mutants that are defective in their ability to develop CAM and EBC. Genetic and
biochemical characteristics of those mutants are as follows:
1. CAM defective mutant

The M3 plants of the mutant showed the even less accumulation of starch and malate than in
wild type plants. We have simultaneously analyzed the expression pattemn of 1600 selected genes at
dawn in the wild type and the mutant using cDNA microarray. Approximately 5% of transcripts
showed significant up- and down-regulation in the mutant. Seventeen unique transcripts showed at
least a two-fold increase in abundance, whereas 65 genes were down regulated to a similar extent.
Up-regulated genes played functional roles in sugars/polysaccharide metabolism, growth regulators,
defense-related, and stress responses. In contrast, down-regulated genes were mainly involved in
photosynthesis processes, vacuolar H'-ATPase and proteolysis, which are known to be expressd at
high levels in the wild type leaves.
2. EBC mutant

The EBC mutant has small EBCs with 10 to 20% volumes of the wild type EBCs, which are
found only on its adaxial surfaces. The growth of the mutant was reduced by 60% of that in the wild
type plants under 400 mM NaCl for three weeks. The wild type plants accumulated salt in higher
extent than in the mutant leaves, but grew more than the mutant. Consequently, NaCl contents on
whole plant basis were higher in wild type. These results suggest that the EBCs accumulated NaCl,
and hence sequestered salt away from photosynthetic tissues still contributing to maintain
photosynthetic ability under the salinity condition.

This work should provide new insights into the genetic basis of the response mechanisms that
contribute to survival following exposure to high salinity stress.
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