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BORRARRE ¢« il it CRORBRTRE THFEE AaTFR)
ERBFFEE © =i REE (—BRF BTN EYFEE)
M BE GRBIRY LHEE AaTFR)

v rru—7kid, B, BREOIRRERICERT ABAEORIFTH ), TORKDOE
BITRKETEETELAILH B, TOT by ru—TIH#ELOBRE O BEEHEY
SRR A EH LTRSS R EE L DL ELOND, vV /U — T OMENIEE &
EFLAVTRIT LRI ETIZ LA LR, ZOERE LTHEWAEDL SO mRNA
HARETHLZLDPEITONL, BF, ZNELLNY Y I 0 -TO—ETH S
Bruguiera sexangula DREEMILREHEL L7zo AR TILZ OREEMALREZ HAVT, cDNA

CSATTY—RBEL, CORPLY Y/ O—TOMENICES T 2 BETEAEETEIE

HIEL7Zo oDNA 5475 =i, 150 oM NaCl FFET CEE LYy 70— 7 REiEE
HRR S L7z nRNA 2#02, AZapll ZHWTER L, v~ v 7 u—T7oOmHEEICES
T5 cNA DR ) == 7121k, RKBROERFEIAARZHA L., BREGRKEEOMIE

MEEERE LB RR T o, 2ORKR, KBERORENEZELy 2 HEZETH REH

1.O kb @ cDNA DHEEIIKIIL7ze T DNA OEIEREEY % T L7ofE R, 141 73/
Brbb s N0 EEIA—-FLTWAZLDPHLN IR o7z, /2, TOFTVINIEDT
I EEMRE. 19.86% AT Y EWVIBODTELVWEBE AL TV, BfE. ZOT73)
BEECS L MRS EEF T A5 VNP ED, F—F = (IR, SwissProt) LIZESFHFEN T
NI EDRL, ZOY YR BRFROLOTHELEZ N, £ZT, FKAILI DcDNA
WA= FTE8 0 8% [ 7)) Y wangrin) | L@ L7, E610 FBFETIE<Y
7)) v cDNA %B#Rt (Saccharomyces cereviciae). RUNF /NIREMBLIZEAL, 7
NOFEEAREOMAL L NV TOMIEMEEZFFM L /2o 5/ IREEMIT~D nangrin cDNA O
BAITIE, "y y =L LTHSTUE-F—%FT 5 pBlI12l 2, 77anNs7)vA
EeFA L CORESRGEE 87, HECERRIC mangrin cDNA ORb Y IZ 6US FEZTFZEEA
L7ZbDEAWz, NaCl ZFMLTW2WEST, 7 HEEELLEE, EHL0RER
WAL IZIZEBE, 7213, mangrin cINA ZEA L -—HOBEEREIZB N THFhIE
BRESRPR SNz TSR L, 150 M @ NaCl &4 T 13 HEEELS
4. mangrin cDNA #EA Lf:/i\f@%gﬁiﬁﬁiii\ ay A=) E EREELRAEFTIRER
RPRONTzo 2 FEIL, nangrin cDNA ZEA LZEBERICBWT BRI, DL
DERDL. IV ) Vi, FAEND RS, BEEMICESD . IBEAEREORHEN S
MUY A AT LD E X ON:, v 7 ) Y ORBEIL, k. AR EEWEY O
EHZRLT LD 1 DOEMEFEIIED I BEEZ LN,
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BIEAFZeE il Rt GRRBITARE TH¥H AaTFER)
HEPFEE =M BE (—BKRE P AMFHE)
AN BE GURBIKRE L5 £aTIER)

1. BAZZBEH

ARSI NaCIT X D AEFREDE U, CIUL, IS Nat RO L5H
WX D MIRAVEOBRBED LA L. MIMAAND Nat OBEHHE U570 (Epstein 1998) &
ZExHLNTW5h, MlEN Nat IBEOERIZ, BEEEHEOERS, EFICLERMO A 4+~
OWPDOEEZFIZRI L, £ ORHIIISIZE L OFHEEZ D725 F (Serrano 1996) o
MY OIEIINT B BIOHEE L LTk, BABEEOARIC L 2RELORE . EFHFEHES
INTBIZLBEREEOTE R KRB RDORE Moons et al. 1997), Kt M TV AKR—
¥ =2 X BAAEAAND Nat OFEAIIE] (Zhu et al. 1998). Nat/Ht 7 ¥ FR—F =12k 5
Nat DBFEIL (Fukuhara et al. 1996), H WV ¥ =2 —1) VIZ X B EFEEIEF OFBHIH
(Liu et al. 1998) % EAHIBN TV B, 4, SN OEMBICEb MR L Z0BWIETFH
ALz EN, ZLE 4% (Xu et al. 1996), #/ ¥ (Kishor et al. 1995; Pardo et
al. 1998; Sakamoto et al. 1998; Tarczynski et al. 1993)., ¥ WA X+ X+ (Hayashi
et al. 1997)%03@“}"“6??\ MR Z BT ARADED LN TS, LELARDS,
B/oNIERRAI, FERL D EWIHEEITRD SN E 0%, Fhid, EoOBEHbT R
RS N RREIBE B v, MR OB VB CREICAET T X 2 ETRAMR Y%
RS 51213, BHOTIEERE* B EEERE) CER S 2 LESH D), 20720121
FHROLHL [THEMICEES T 2@&E5T] ORISR THLLEZLND, ELTED
BRRIIHREREOBVWIRE TEFT CX AY (RAMEY) HROEEFIA 77 —hEH
ThbH tﬁﬁ?bhép —F, WEENHOEL OBREOES 2 &0 HIBICERT A/BAEHIC
X Ta—THWNH B H. ORI BT LoV TR LBl v, O
I~ 7 — 7 EERZEAN TR D) FMBO CTHETH - b e Ex bbb, KTFE, —
BREO=ZFHEBE LS~ ' u—THEYMO—FETH 5 Bruguiera sexangula S FEE
MRERAZREZ L7 Minura et al. 1997a), = OREMMIIBEEELTETHY, F2
200 mM DAL DM T T AETTETHD Lo 1o, MMOMWHEIERIL & 1287 5 DT
ZLWHEEEZELTWAS Mimura et al. 1997b)o AHFZEIZMEAEEY L LTy o—THE
WIEB L., ZOMIEHICES T 5B TFHEKER ) —= v FECEETIELZHN L
L7z AWFZEIE~ > 70— THY OTHEHERE 2 BIZF LNV THAT 2 MORATH 5 &
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RIS, BE LR OMEE#RILE BT OO TH L, FRICL D/ ONDBIZFHEIRR
T, Rk, TR E AW R3E] R [WERORL] FADISRAIFTE 5,

2. MRAHE

2.1 ##

< vy -7 REEEMRIL, —BREO=AHERE L S AL L 7- Bruguiera
sexangula OSFEHFEEMILR Mimura et al. 1997a) # AV 7z, Z OREEMALIE AL BEih %
Fivy, 500 ml 79 A3IT 120 ml OHFET, 26 T, BT CHBERE 9 8E#E (70 rpm) L
720 2 BT EIZH L AA ML 100 ml 12T L 20 ml DOEETHZME, BREMERL
Too XY Z7U—TD cNA 475 —1E, 100 mM @ NaCl % &E AA BRI TREE L
t7?7ﬂ—7%%m%#6mmttpmﬂm)WA#%AHDHN7&~%ﬁWT%%L
7

2.2 KBRBEZRWV=</O0-70OWMERICESTIEGEFORE

KBHEICT Y 70 —7 cDNA 94 75) —%EALEH S, 400 mM O NaCl % &E2YT
EREMTEBTNREIC oz u—rE~<ry7a—70OMENEICHES T2 EEFIEASH
72b0E LTI L, BRI~ 70 —7 ¢cDNA 54 75 —% Strategene fL®D
in vivo excision system (Z& 1. pBluescript SK (AT SK ) IZHARA LR TKRIGHEIC
BAL, BHEEL, —RAZ ) ==V 7E, =7 u—7 cNA BEASNZKGE %
400 oM NaCl, 50 pg/ml #F~4 ¥ (Km). 50 pg/ml 7> EI )Y (Awp) &L 2YT 5
WIZTL— kL. # 20 Wef, 37 CTTEEER, BoNa0=—%2ZKRA 7)) -V 7
Awize =KX ) ==Y 7 TT b=+ LRERRKEEOEL, 1068l ETH ) (RiRE
86 mM |ZFA% L7z 2YT (Amp, Km, IPTG) ZEREFH I EIRRAGEBEHEO—#%E 7L — b
7Y MTARETHR)., SNt v Za—7 cNA 475 —IlHEFhp M s a—
106 2RI N—FT2bDTHb, ZRAZ ) —=v 7k, #onil-au=—%HE
—RAZ ) ==V TRHWEREMICT L — L, £ 20 B, 37 CTEERKZ. Wor
IR E L TWa 2 AR TEL s a0 -y DAERIRLI, 22 THLNIEY
O—>ik, 79 A3 FE#MH L7z, Thermo Sequenase Cycle Sequencing Kit (Amersham)
v RO DNA ¥ —7 ¥ — LIC-4000L (LI-CORFL) % Fi\v» THRIEEH % g L7z, IRERYI D
AT 3 E LR R BT A A I RAT 782 ~ % —  (DDBJ) ® BLAST MIRMME 7025 4%
AVAM
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2.3 WMHEHEHRXBEOMIEMOFTM

ZRAG) = T ORERIBONLTIAI FEKGEICHEAL, 50 pg/nl Ko, 50
ug/ml Amp, 0.05 mM IPTG % &ir 2VT WAKKEHE CURIGEE 1.0 (ODgo) T THELZ, 2D
BEBREE A 105, 104, 103, 102 cells/25 pl 12725 £ 912 2YT BE# THAML 7218, 50
ug/ml Km, 50 pg/ml Amp, 0.05 mM IPTG % &Tr 2YT R 7 L — b KT 50 pg/ml Km, 50
pg/ml Amp. 0.05 mM IPTG, 400 mM NaCl % & 2YT ER 7L — MIENLTN 25 ul §2
ARy bL, R FTREZ LR, 37 TT—RREEE L7,

2.4 RESHREBOER

E4H} (Saccharomyces cerevisiae YMA271: Clonetech) ~DEREFEAIZIE, N7 & —L&
LTGALIT B E—% —%H$ % pYES2 (Invitrogen) &MV, ZALIT cDNA ERAIRATZ
EB L7279 A3 FIZZ Ly haRL—Y 3 VIO K DBERICEA L7, RERREROR
HICIEY 7 Y VERIER IR L L,

2.5 REZRSNIEEHRR. ROEEDEOER

& )N BRI (Nicotiana tabacum L. cv. Blight Yellow2 (BY-2), KR UHE#I{E (SR-1) ~D
BIEFEAIE, "7 7 =L LT3STRE—F—%FT A PAB35S & vy, ThIZ cDNA
RHARAT, B L7727 F A3 Fid7zuny ) waikicky, yoNakEEiR, kU
TR E N Lz TEEIRROBRICIE N F <1 ¥ 2 vz,

2.6 ¥¥7Oy bNATYYLE—2 3 VB

2y Zu—7%) AINAMCBIF A, A7) —= ¥ FTHRIZEETF (NA) oav¥—$, i
CICEEREMIZ BT B AL ) —= v I CHRBET O AR T 27202 F A7)
FA¥—arvifTol, MAMER 2 Hfio<vy7o—7HlgxEIXL, 7/ 4 DNA %
HiH U7zo BIRREEZE  (Xhol, Xbal, BamH1, EcoRI, PstI, HindI11, Sall) CTHIRT L7277/ A DNA
21 L—r%47:0 3 ug v/, ¥— MOPEEIE 65 T, 0.1XSSC, 0.1% SDS, 30 % 2
B1479 RilZ, 42 T, 1XSSC, 0.1% SDS, 30 4% 2 BIDFER A% &M Tl Lk, Bt
L. 0%, BEEE2ITVWEEELLZ, OO 2 5 OINADTHHIZ DWW T, ki
ERBEICIT o 720

3.1 BERIY—=—2rFKICLBTI/O0—ToOmMEHICEEE T 5cDNADEEE
IRAZ ) == TORER, TEMZEEL-EE2ONE 20— 300 EFLN
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oo 2RAZY) —Z VT RATo MR, 29 au=—dHLRIC WEEAFHELTHSZ L
PR & NS B —%EEL, 75AIFHEL, o2 HE. KBRICEALT
Z OENE % BFRE LR, B0 R ERR AL TUISINER O LR 6Nl 20
ZEdG, 29 au—2bHiE LTS A3 FIZid, BEETICBWT, KBEOWEH
PHESEARMOPORFFFAINTVEIDEEZ LN, £2T, 29 70 —UHH
BONIETOTIAI FICHARAT N cDNA OFIBREERIC L BUH/y - RUZD
BRI BRI Lo ZFOFER, 23 70 —VIERA—DF V7 BEI—-FLTWw5E D
DEEx bNT, FTT, ABFETIE, TOKETEEDZ cDNA (#A27) DRERERAT IZE R
ZLIZY, DBEOERE DT, '

3.2 REGHRABEOmEY

86 M NaCl 2YT ERHEH L (normal 2VT i) BT, X7 ¥ —ThHb Sk DAFE
ALZKIGE & 3.1 THONI cDNA (#A27) ZEMALZARBEOEFINITLALERLR
bhadolz, THIZH L, 400 oM NaCl &t 2YT R ETiE SK OAZBALL
KBEZEFTELRVOIIR L, #A27 ZEA L7ZKBEIL NaCl IS X D EFIFHES L
Mo LEFTARLNT Fig. 1o ZHIZLD #A27 HF KBHEOWIESEL ML 2 1%iE% A
TAHEPHERTE 0

3.3 #A27 ORBEERT

#A27 DEEFEEIZREL, b bHEES NS T I BRECS % %E L7 (EMBL
/GenBank /DDB] accession number: AB037929), #A27 (X4 1018 bp TH Y., Z I bHHE
FEENDLT I /HBOMBITE) VIZEARLDTH o7z, ) VITMBHIIKERERZ FDOT I
JBETHY, ZOMOKBEEZFOT I VELELTUE ML A= URTF Uy Y PHb, 2D 3
BT I W #A27 12BVWTED2EEIEH 3 HE @ (Table 1), KM V82 HE
?—9N—X%ﬁw\:@y>N7Etﬁﬁﬁ%ﬁT67Vﬂﬁg%ﬁﬁbt%%\C@y
YR BEMREETAEY YNV ERRON Do FIT, RAWIZOY VI HE
HFHobDEEZ, <Y 7)Y (nangrin)] &% L7,

3.4 BBRICBIFBATYIUVDHE

VTV cDNA, RUNRZ ¥ =DA% EA L -BEROMEEL 7 L 72, NaClZ & £ 7%
WER/NEEHL (SCHEHL) TEEELEA. V) v cDNA EALERL, X7 Y—DR
EEALERICER, BUAEFREA L Fig. 2). FFIZZOMAIL NaClZ 1.2 M iR
L7zBAICEEE ChObh, BERGHRIBEOYY 7)) VEAMBOMABERE X, NaC13E
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HFETICBVWT, a3 ba—Lo L5ETHLDIIx L, NaCl 1.2 M OFHET TR, a¥
FO— VDR 2EIZELTYS Fig. 2o SOOI ENL, ¥V 7)) VIZEEAENTH B K
P O AR MR T & LCHET 2 7213 TR . BERENTH 2EBERIZ BT H e
THIENHASDNICR 072,

3.5 ANIBEHERICEITIST TV OHR

< 71) v cDNA %A L7z 8 S a8 MB ORHEE 3P L 720 HBERIC~ Y 7))
> ¢DNA Db D IZ GUS BIETE2EA LD D% H7z, NaCl 2RI L TW iz Wi
T, 7 HEEE LSS, 5L OWERREL IZRAM. $72E, <7 ¥ DNA £E
A L7z — S OREERAAEIC BV ThFPICEFTRES RO S5 N7 (Fig. 3)0 ZHIIH L.
150 mM @ NaCl 2 & &3 T 13 HR3EE LMk, v~ 27 ~ cDNA 28X L7724 T
DR EERIKIC BT, FELEBREDENRONA (Fig. 3o COZEDD, TV 7Y
VIR LIS BV C O IR R T & LTHREET 20D EE X b7z,

3.6 ANEMEICEITETITUCDOHR

3. 5IZBVWTY Y7 Vidy N aREMROTEEL BT 2L E T 5 2 L2
AL NV THER SN, HEYWEL AV TR ED L) IERATAPARPHTH S, £2 T, <
v 7) ¥ ¢DNA %A L7483 OWESE% EYAL ~OVTRHE L 72, HWEBERIZ< Y )
¥ ¢cDNA Db D IZ GUS BIETFHEA LD DEH WL, v~ 7) ¥ cDNA, KU GUS #&
GEFAHEA SN EE 22N A BT OMBIR L, 150 mM ONaCIHEFE T 12513 5 &7
Bk OET 2 M L7z, ZORR, GUSEETIEA SN2 TOREERIKIT 150
mM D NaCl FE T TIELAEEFTTEZ VDI L, v ¥ 7)) v E2EA L BE R
AR 2ARICBWTHHE REBTVWBIR INT: (Fig. 4)o ¥V 7)) YPEASINTWAHIZH
b b9 WHEEOMLINIT L A L RO N WIREEIRIKIZOWTIE, ¥/3aD /) ADNA
ANDT YT Y DNADIFAMBEI < ¥ 7)) Y OFRBE, FRBMICEXRZELS 2T
bl E bz,

3.7 ¥¥ry7aybbNATVYALE- a3 BN

T T Ve NAR Ta =T Ly Tuy METICEY, v e -7 AR
T ) VEETFIES R LS 2 A¥E—FET S I EDHERENL Fig. 5o WEHOEMN
X CHHE L7ofE%, Xbal ® 5 Kbp, Pstl @ 15 Kbp K UF HindIII @ 1.5 Kbp D/3¥
FAHEELTWBE I ERD, 2 A¥—DHIED 1 2 v 7)) Y EHREEET L5008
BFThBEEZLNI,
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KIS, ESEEMIIBITAT YT VEBIETFOSA 57202, Bruguiera sexangula
LixMOED< v 7 a— THEW T d A Rhizophora apiculata °% DO LIEY (K7
S oyNa, ZuIVy, h—F—=va¥) OF LN BV, YUY DA BT
O—7 & LY FIoNA T)F L=y a v ila Fig 6)o TOMKR, ¥ 7)) Vil
EF L E SR 128 WHETADIDOTIER L, wv 7 a— 7% #FIZRhizophoraceae
B) HRMICET 5 b DL ELLNL, OF D, v/ VEETET Y 70— TH
PEKBCTEBT A7 0DECDOBETEE LALEEZTO1OTHL I ENEZLNIZ,

4. EZ8

<2 7Y VLB, S WA, 7 L CHEBEORIEEZRIbT 2 e AT a2 L
B ENTWAED, ZORAHZALIDWTIEIAHETH B, HE, BELAR ML RAITSE
L. MMM SR L CRBERMZIT) LEX ONTD LB EIHTh2BKEDE S
U EPRESNT WD, vy F Y VEy s e LTIRBKEEEZ LN, LEA L
KR I B S U, BBERESICES LTV 2 TREMAE X b7,

5. SH%ORE

ARFFE T, HEEE LAWY LR RILR T OMEER 7 ) — =Y JHEICL Y, v T
O—7 ¢DNA 7475 —hoiEtkicls T2 & 8bhs cDNA 2ERTHI LITHIL
77e FOHD 1 DTHBT VI Vi, v v 7 u—THWERNIFET b0 EER
b, ERAWMORIENZRILT AT AT 5 2 EDXRIETHE SN TS, SR,
<7 Yy OBEERORE, RO~ Y7 v B LR ERREOEREN XY T 7
FNVX =T arafFH)T LT, v ) I & ATIEERILD X 5 = X LR FHT 2 LD
Hho $lo. COAHZALDOHEICL Y, BEHRINTVWLEY YT Y ORREE S bIC
LT E 2 b0 LHFTE B, SEEIIBEEREY & L CRIZFEAERO LBKINES 2
FoNak AV, SHRIEA A EOFEREY RV ERE T LLENHLEEDN S,
K52, A2 v S OERB LN Y ) YU OBETFEICE L T 2O
TEREIRIT 21T O LENH B,

6. &EH
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Number of cells

NaCl
105 104 108 102 cone.
pBlueseript SK
(control)
86 mM
mangrin
cDNA

pBlueseript SK
(comntrol)

400 mM

mangrin
c¢DNA"

Figure 1 Salt-tolerance effect of mangrin expressed in E. coli. Spot test was performed
to confirm the function of mangrin in E. coli. Mangrin and the vector (pBluescript SK)
transformants were grown up to exponential phase in liquid 2YT medium containing
0.05 mM IPTG, 50 pg/ml ampicillin, and 50 pg/ml kanamycin. Cell density was
adjusted to 1x105 cells / 25 w cell suspension. Serial dilutions, 1:10, were made and 25
ul of each dilution was spotted on 2YT agar plates supplemented with 8 mM (control)
or 400 mM NaCl, 50 pg/ml kanamycin, 50 pg/ml ampicillin, and 0.05 mM IPTG. Plates
were photographed after incubation at 37 °C for 12 h (86 mM-NaCl plate) or 18 h (400
mM-NaCl plate).

Table 1 Amino acid composition of the mangrin

[hydrophobic residues] 61 (43.26 %)

Gly(G) 6( 4.26%) Ala(A) 9(6.38%) Val(V) 14( 9.93%)
Leu(L) 12( 8.51%) Ile(I) 1(0.71%) Met(M) 2( 1.42%)
Phe(F) 7(4.96%) Trp(W) 0( 0.00%) Pro(P) 10( 7.09%)
[neutral residues] 48 (34.04 %)
Ser(S) 28(19.86%) Thr(T) 9(6.38%) Asn(N) 4(2.84%)
GIn(Q) 5(3.55%) Cys(C) 2( 1.42%)
[hydrophilic residues] S 32(22.70%)
Asp(D) 6(4.26%) Glu(E) 4(2.84%) Lys(K) 9( 6.38%)
His(H) 0( 0.00%) Arg(R) 10(7.09%) Tyr(Y) 3(2.13%)
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5.0

40} mangrin 1

20} pYES2 (control)-

1.0

10y mangrin

021 PYES2 (control)

Cell concentration (Abs. at 600 nm) Cell concentration (Abs. at 600 nm)

0'00123456’789

Time (day)

Figure 2 Growth curves of S. cerevisiae expressing mangrin
in normal medium (A) or medium containing 1.2 M NaCl (B).

16

12

Fresh weight (g/46ml culture)
-]

Fresh weight (g/46ml culture)
(=)

Fresh weight (g/ 46ml culture)

2 3 1 2 3

L 1 L ]
control mangrin

Figure 3  Salt-tolerance effect of mangrin
expressing tobacco BY-2 suspension cultured
cells. Mangrin and control transformants were
grown in Linsmaier medium supplemented with O
mM NaCl for 7 days (A), 100 mM NaCl for 7
days (B), and 150 mM NaCl for 13 days (C).
Initial cell concentrations were about 0.1 g/ml
culture. All BY -2 transformants were grown at 2

°C and agitated at 95 rpm. :

Figure 4 Phenotype of the transgenic tobacco

expressing mangrin under salt-stress conditions.

Transgenic tobacco plants were grown on MS

agar medium in the presence of 150 mM NaCl at

25 °C. Mangrin (B, D) and control (A, C) .
transformant spears, which start to developing

roots, were selected from leaf disks and each 4

spear was transferred to MS agar medium

containing 150 mM NaCl and cultured for 3

weeks, respectively.
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(Kb)
23.1

9.4
6.6 —

4.4 —

23 —
2.0 =

Figure 5  Southern blot hybridization analysis of the genomic DNA from
Bruguiera sexangula with mangrin cDNA as a probe.

The membrane was washed in 1XSSC, 0.1% SDS at 42 °C (A), and in 0.1XSSC,
0.1% SDS at 65 °C (B).

123456 123456 123456 123456

Low Middle

h
stained DNA Hyg

Figure 6 Southern blot hybridizatibn of genomic DNA from various plants with mangrin cDNA probe.
Genomic DNA from Rhizophola apiculata (mangrove; lane 1), Bruguiera sexangula (mangrove; lane 2),
Populus kitakamiensis (popula; lane 3), Nicotiana tobacum (tobacco; lane 4), Daucus carota (carrot; lane
5), Dianthus caryophyllus (carnation; lane 6) were digested with EcoRI. Filters were washed in 1 X SSC (1
X SSC is 0.15 M NaCl and 0.015 M sodium citrate) and 0.5 % SDS at 42 °C (low stringency; Low) or 0.1 X
SSC and 0.1% SDS at 55 °C (middle stringency; Middle), or 0.1 x SSC and 0.1% SDS at 65 °C (high
stringency; High).
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Screening of salt-resistant factors from a mangrove plant

Akiyo Yamada, 1Tetsuro Mimura and Yoshihiro Ozeki
Department of Biotechnology, Tokyo University of Agriculture and Technology.
1Biological Laboratory, Hitotsubashi University

Summary

Mangrove is a general term for salt-tolerant woody plahts growing along the seashore in
tropical and subtropical areas. The reason why mangrove plants can grow in such habitats is not
investigated at molecular levels. We postulate that mangrove plants have got specific proteins
essential for the salt tolerance in its evolutional process. Based on this hypothesis, functional
screening of mangrove cDNAs encoding such proteins was performed using £sc/eric/ia coli as
a host organism. Twenty-nine £. co/ transformants, which showed remarkable growth under
salt-stress conditions, were obtained from 1 x 106 Z. co/ transformants. Analysis on the
fragment patterns by restriction endonuclease digestion and on determination of their partial
nucleotide sequences showed that twenty-three clones have an identical nucleotide sequence. A
full-length cDNA is 1018 bp and the ORF encodes a protein of 141 amino acids including 28
serines (19.86%). It is revealed that there are no similar proteins of all other entries in databases.
We designated this protein to "mangrin". In order to test the effect of mangrin expression on
salt-tolerance in eucaryotic cells, mangrin cDNA ligated with GAZ/ and 35S promoter were
introduced to yeast and tobacco cell culture, respectively. As well as £. co/i experiment, the
growth rates of these cultures expressing mangrin were enhanced as compared to the control
strains. It is possible that mangrin may function to give salt-tolerance to diverse organisms at
cellular level. In order to test the effect of mangrin expression on the salt-tolerance in higher
plant at organ level, mangrin cDNA driven by 35S promoter was introduced to tobacco plants.
Growth of control transformants was strongly inhibited by addition of 150 mM NaCl to the
medium. In contrast, transformants expressing mangrin showed remarkable well growth as
compared to the controls in medium containing 150 mM NaCl. Southern blot analysis on
various plant species using a mangrin cDNA probe indicated that other plant species have not
mangrin or its homologue. Mangrin may specially exist in mangrove plants.

Discovery of mangrin will contribute to elucidate salt-tolerance mechanisms in mangrove
plants at molecular biological level. Biosynthesis of mangrin will open a new window to enhance

salt-tolerance of higher plants, including crop plants.
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