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Crassulacean acid metabolism (CAM) has been thought to evolve under CO;-' and water-limiting
environments. CAM is characterized by nocturnal CO; uptake, producing organic acids. Decarboxylation of
organic acids occurs during the day and the released CO, is refixed by Rubisco behind closed stomata, resulting
in increased water use efficiency in CAM plants, which is several-fold higher than C3 and C4 plants. Generally,
reduced carbon gain by stomatal closure leads to form reactive oxygen species (ROS) in the leaf tissues, which
-can induce a potentially damaging oxidative stress on cellular constituents. Two opposite hypotheses in terms of
ROS production in CAM plants have been proposed. ROS may be reduced during the daytime due to
CO;-concentration derived from decarboxylation process, which might reduce over-energization of the
photosynthetic machinery. In contrast, the potential for oxidative stress has been thought to increase during the
daytime, because internal O, concentrations would be increased substantiafly.

Mesembryanthemum crystallinum L., a facultative halophyte, is widely used as a model plant to study the
regulatory properties of CAM. This species shift its photosynthetic mode from C3 to CAM under abiotic stress
factors. However, despite the importance of the model plant, the procedure for production of transgenic ice
plant, which is essential for functional genomics, has not been established.

The function of CAM in ROS alleviation were studied using a newly isolated CAM-deficient mutant of a
facultative halophyte M. crystallinum L. Salinity (0.4 M NaCl) induced nocturnal malate synthesis in the leaves
of wild-type plant, but not in the mutant. The content of hydrogen peroxide (H;0,) increased as elapse of time
after salinity, but it dropped accompanied by the expression of CAM in the wild-type plants. The
CAM-performing wild-type plant showed diel fluctuation of malate and significantly lower levels of H,O, than
in the mutant. The transcript abundance of a gene encoding plastidic Cw/Zn-superoxide dismutase, a marker of
ROS production, was higher in the mutant. These results indicated that CAM may help to alleviate oxidative
stress under conditions of environmental stress.

To establish an efficient procedure for transformation of M. crystailinum, the effects of urea-type cytokinins,
thidiazuron (TDZ) and forchlorofenuron (CPPU) on the adventitious shoot induction were examined,
Adventitious shoo::s were generated only from explants obtained from the cotyledonary node, not from the
cotyledon, hypocotyl and roots. Urea-type cytokinins were more effective for the induction and the
morphogenesis of adventitious shoots than adenine-type cytokinin, 6-benzyladenine (BA). TDZ (2.5 mg/l) was
effective in the iﬁduction of the largest number of multiple shoots, the highest frequency of adventitions shoot
induction from single explant, and fewer hyperhydric shoots. The regenerated shoots rooted on the MS medium
within one month, and it was promoted by transferring to the vermiculite or Florialite. The healthy fertile plant
was harvested for four months after sowing. Using the improved regeneration procedure with TDZ, we
suceessfully infroduced a kanamycin-resistant gene (nptlI-HPH) into the cotyledonary node mediated by
Agrobacterium tumefaciens. These results indicated that this regeneration procedure could be useful for the

genetic engineering of M. crystallinum,




(FEVFE 9 Fi=)
No. 1

FUNRXEEEROEE

FALEHFEE
EINE )
% 4
FE HKERFE #E B EAR 12
BlE EERY BEE AN
HEZERE BIE HEKE #HEF EREE—
BlE BREBXRZE HF = FEA R
BlE EERFE HERE B9 H 52 FI
#=EWMAOE
TAARSZ b (Mesembryanthemum crystallinum L.) (ZRBIT 2 EHERER
AMREE L OEb Y P LIHTN A Y U REBEAB (Crassulacean acid
= H metabolism) DA ERICE 4 5 H % (Studies on the physiological
functions of Crassulacean acid metabolisms (CAM) in relation to the
mechanisms for curtailing production of reactive oxygen species in the
common ice plant, Mesembryanthemum crystallinum 1..)-

ABFGIT, FIEBR R DR AMH AT CAM B AR OAERIEEET -, bbECEE
FRIT O DEG KB LEROMLEZRLTZHOTHS.

N AV UEIE R {Jcnéf(Crassulacean acid metabolism, CAM) B3 & FIE, CO,K UK
43 Dl Bﬁénfcfﬁﬁ T ARIEHAB LB 20N A CAMB LA EEIT/25CAME Y
i, BEDOHEM ST, AMICCOZRINL THBEBEELTEREL, BRICHEHEEL M RE

RIECOZBEETS. — &z, [ALPRAL, 4K CO, 601,##;.739[‘%[/71& BT RV
X NBRCRBEE EREEBEREETS. CAMEY TIICO,HEEMICENDO,E
BN I T AL BRI IR TR, EEBEAREOBEDIERUEFRITEEALY
B INGEERICANTATE, BHEBROBEICRITTCAMDOBES, FcBish
7174’%7”7/%(Mesembryambemum crystallinum L.} CAMEI RIBZRAE B85 AVTEN
LTWa. ATEIEAN AT THRE BB 4CIRALCAMB L E#H 5, APFECIIET, 4
zbvx%'a‘-xtﬂﬁlﬁi TOWT, CAM BIEEESE, 707 R EEE S, R OV ME R R




No. 2

RED—FIOBRTORBREZUNEL, EEKOLEENBELR . Z0ER, CAM BE
BE R OB ART ) — NVE N E BRI AR F T~ (PEPC), PEPC &7+ —¥ & ' NADP U =
BESR, IR R HEERORARIN LI —ER OKRARI N Al AT —EE ka2 —F TR G
TOREBREFIEZERTETLTNAZEEZHONIILE, EAN RZHEWEREEE CHAHIG B
Tk % (H,0,) SRR &, BB R8IV BN LIS, B4 Bk TIZCAM O 85 3 1o
THBIL, FECAMIL LB £ TIE, — B 4B TH,0, 8 BN ECHEBTIILE REL
To. Ehi, EMMBREEBEORIELRD Cu/In-A—N—FFVRVALI—EE BT DEEE
%%ﬂiﬁé%’é{&bﬁ:k%ﬂ?b, CAMILICE > TIHRMBEFZORERIR ESNETLEMALIIIL
fe. L EDRR»L, CAMIBBEAN ATIZBITEEBRRORE 2L, BREAN AOE
BUCHEBR TRk mE Lz,

AKBFFETRWBYE CAMBES 7 A AT I 0T, THEECE L EVEEMY TH. KR
fEXFVXTTﬁ%%ﬁE@&%?ﬁTM#TMUJH71 &2 DERFEAMN R T HMHMELE NI &)
B, T<hrb CAM B & R HI B AE K OAN AT PE R 2T MEHEL TRV T
e, Linl, 5 FAEDFOMRICA ARG EBRIEIEH IS T RD o7 BT,
BEGBRIEDEELRDBEERME, OO RE S {LEEEL T L2 EMIC, BELGD
WETEIT ol 7, MEAZAHEELLTRRRVAMIA= (RUPAT I TV, BAFRTF
v, BTFv, dAruLTzsany, ROFOTRO) 2 ETHEMTREL, IAAERICRIT
THAMIA=DEBERIF L. TOEE, DA MIA=rOBE IO LTIV ARE K S
NHZE, BICHRA UL T xman b8 L CiE, BUXL Wb o0 kLA E R
TP ECREFSBONDILERH L. ZOBREIIT, FEFL2IVPRICBHIEEEHET
L SMEEELTFREIDROEL TWDIE, LYV TRV A= THETF VT Ao i3t
SOFERUCHEERICHLDREOD THAZLEZBEOIMILE, S, BobLizshiE D ki3
R SEDHFEERESL, W4rH TREOHLIBL2DEMEEE NS, &blT, ZofFikE:
RAWCT7anss Vg s LA REETOEANRAETHAIER R L.

A EDINCAFFIT, EHEEBRROMB IR TO2CAMOERELZI D TH LML, &b, C
AMET VB THDT AATZU NOEMET 5L EERES Ui, A FEOKEL, CAME
HEREEOEAICELTILOTHD, FHHXELTHAICMEASHEL O LM L.




(AL 1 0 51

No. 1
ERRBRERDEYR
i |
. T
EE EEKE KE B 8 0 16
BlE EmAE EEE ORI %
EEEE BIE WERAY HE 28 AR
BlE BRESKAY HE 5 4 5%
& EEAE M B2 58 31
EE N E
EIEA B VR, 2 241 H 2 8H |
HEAHE (BUOLOEOTHEZ L) @%) %%

FERCRIEIX, TFR22F1H28EDAHREELICB W TEMBEFEE ot
LT, BABEBERIONBICOWTHBERKD, MEBEIZ DWW THRM T - 7.
BHRENCIIBRED & 5 REEISEN RSN, WTh bR T AMELREDL D b
MNTET.

PLEofERNL, BSEZESHBFEENEL (B%) ORNEZTEICLER
+HDFEABR LR HBREET D LRBDE.




No. 2

FAL R R

)| 2 et
K %
ERERICE

[EFf 1] Phaselll 225 IV 2T TEMBEOREEN D2V, ZORFICKILAFEW
002 BFA LT & fo fe ICTEMB A AE T Lo £ 128 2 bR ALS 2

(REL] VAZBROT—FTCRLELBY, BEKEEEKREHE TS L, Z D Phase
DCO:BEERIZEALALTHS. AKCOBHMALEELTLAERERETH Y,
BHEBRICAHALNTZEN CO:DMABREDEILLIAZLDLEFE LB,

[Ef2] CAMB®HDEED LTHEMEBREAETTION?

(A& 2] CAMIX, By b—2 ) VBEK, AV FT 4 7RE, S ha R
U7 EFHREHOBEROWE, 7AIAE VB~ A F 4 EREICES LR
FEETIEDEEZLND.

[EfT3] SODEEAENE WD Z L, BHEBEREERBENEVIZ LETERVOD
s ?

(2% 3] ERE, MIEE, RO a2V FITERETBTA Y 74— b DEEEE
i SOD EHIIE, METERZY. MBRERO Cu/Zn-SOD ORI T Ak T
Wy,

[(BEf4] ZEFIEA N R 2522 LHETZ200 2L EBIH AR L LB L TE
7DD

[EA]l UM ZAVEXRFREFORILICEFET I I CTHEN TR &S
BLTWEY, ROBECHBEREI LAY ok, EEBIHFERLVIEC RS LS 7.
BIEERLEYIC, COBEENPETILLELDTHS S,

[EMI5] 74275 b TCHRERENBCIMPHLCAMICERT D AN AAIZTDNT
EZETONoTWEO0EZTTFEL. _

[RES) WA VAEWRART ) —AELVEVBIALRFY T —F (PEPC) D3
MEllcE8nNTs, FnICELRVWCAMBET S, ZORBGOV I FAVGEERIICD
WTEBEDIRHRLN TR,

[EM 6] FEHORMBELL DV ITHILDOBEATCRFAFS Cho L RKR L. WA
LTE LW,

[RE 6] RERFAMNOTFEMNOT 5 ¥ ERBEME T TURL, FESOUKE & 5
BETIZRD XS IZBE L.

huill]
L

1




Neo_ 3
[ER7] 7270270 0 Al BBEXEI0RBFREETH IO EYNLREET S

5DH 2
[(BE7] BEFHREACENEFREETRLTHL LY. BESUBEEOB NI L W
T ETFEHERAWE.

[Ef 8] XEHMSOBEDL I >N T. FHMERALT V7Y —BHIZBLELES, 7
EFES LT D002

[AEZ 8] /b LW, A I A= EFHEMULER TFESMEEH LS LI
GRREFELELLND.

(BRI 9] WESRERERTLCEALEVEBEFEMY. T4 RXT7 52 hORET
WABIL 2D N?

(L] EHEREZORECELIBERFOEGTFECAMKBHRICEAL, RBRE
BEDEICERTD2ONRERIZN. TARTZ 2 b CRT ez F Y 8% LT,
RPNV EBALEZRZSH 50, BREERBEE 2S00 20,

[EM10] SEEECFEMEZESTNAA LNV PAFI 27y, TDZ, CPP
U@E@%%Fﬁ%:y%%MT%%%ﬁﬁorwé.%é,ﬁ#ﬁ%%ﬁ%ﬁ%%é
NTWDED, &%, BEFETRELEVWI &iEMn?

(FZE10] RERBHEAMOBREERAVEERRZZA LELY., FE4ERA—F &L
TNAADHZRWED, oA —F 0, FIZE 24—D FHXTAA S L Ex A
AL = DlEBELEERFTLEV. S0, BRYaI v I/ 2852 53FERE LT T
TN,




