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BhERirges c fE B (RPERE RER EHERFR)
LR & BE WFRE RER HDEIRFER)
FE - (P RE RER EHEIRFER)
Pr &b @R RERERE BRI

WAWEYY SF 7 (Aster triporium L.) OBEEICES T2 EBETFEHEREEA 7Y —Z22
JWETHEET S0, BROX RN AREERBRNI Y —2BEL .

E#fFSaccharomyces cerevisiaeDInvSclZ k& IxNaCREEE DR HUTHEA (T, EFRE
ZRELTHEEZE L 7=, TORR, BEEGEZ{T>EBERZSD-Uralgiiz Yy, 30
C - 48K DI ESRH TR E T 5 &, 700mMEA EDONaCREE O TIXp EHMHI 23D 5
niz.

BRARBENY ¥ —2HBET 5720, BROX L AREE T TE—4 —51bp (Oligo
31/32, Kobayashi and McEntee, Proc.Natl.Acad.Sci.USA 87, p.6550-p.6554, 1990) %
CYCIB/NT OE—% —ICEfE | TpYES2N Y ¥ —th D T OE—% — 5 Th 5 GALI &
B L 7= (DYES2-0ligo31/32). ML =BRMRIALY ¥ — D7 0E—F—Oligo 31/32-
CYCIDR b VAIRENEZTMT 2728, lacZiBizTz L h—F—8iaTF& U TpYES2-
oligo31/82R %7 & —I#l%A % (DYES2-0ligo31/32-lacZ), WEEH S BIZBRHTH LT
B-HAS0 W F—Enthzfiok, TOBER, B-H5U ¥ —EOEEIEHANICE X
NBNaCHEEE I HHI§ 5 Z EABA S TR D, oligo31/32-CYCI 7 OE—4 —)INaClo ¥
EikE L THMRETFORREHET 5 LS RIS,

DYES2-0ligo31/32R 7 #—Z2FWT I SFX¥ I DcDNAT A 751 2ERLZHR, K
500,000 D EE k282 Z EMNTER. N6 OBEEGEHREZ700mMONaCliEE D
SD-Uralf i TR 7 V== F 20, RUT4 T/ O—2% Bk, BHE, ThboNy
F—HIZEENSCDNADEREEFTIOYREZT> TS,
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BRES 9940
BEROBLFRERZHAWEEAMD Y 7 X7 @Hﬁiﬁﬁﬁsl@ﬁﬁ%wﬂ n—=

Bigiised c fE 5 (FFEXKE BRES MERTERD
EAPFZeE - &M WA FWERE BEH HEHERFER)
FE g~ FEKE BN EYERTR)

P HE b (GFE KERER B RFHETFZERD)

1. WEE®

5% (Aster tripolium L. ) [ 3EKBICHETE2F IR F U BONTFEDEET,
WH OEMTHRTEWMEEZ2E TS, B4ld, UIF7 0BG & FEEMEZ RN A
Wy, R - ARRRERE SEET LI TOEZ N L 2B DWTREB XU 217> T
&z, TORE, 150mMONaCITIIEENHEINR NI &, 300mM &N S EiRHRE
BT TREROE FOREEROMENRENHOD, KRS L TERFENERHELT
W3 ZENHLENTIE-T= (Uno et al., 1996) . £7=, NaClEREEMN150mMZ X 7z BT HE
WAFEE X NDsamipB TN — RTBKF ¥ ORIV N7 BB ENITK
DFEHET DB RBRINT= (Uno et al,, 1998).% 7=, Perera® (1994) 1%, U FF
7 DIHEEEECONT, FLIMRALIO TR TIANMIFT NI ULALF 2V 2EBE L TRE
LRIV IECIDEIAZHMOMBEL, BHEZAH L CTKFADRZED TNWS I L2
TR UK. U5F7 OMEEZMEL, EMORBIEFICRILDIEROEBLEEIRE L TOREZ
RHETZEREETHZEEILNDD, UITXTOMENEICE ST 2 BEFEAEDERIZ
HRTH 5T, SBITEA NV ATRETA2MOBLETORES, BETOBREICEH L
MENNETHBEEZLNS.

BIREWN A HEE R WREG T OBEEMRITIE, BR/EEREZEHL TR V-T2
EN—REOTH B, UFF71E, FIEEL THNLXICEETLIEVNDI XD ICERY A
ZIIVDGEL, BMERCELGTOEARNELHLL THWRWED, DNRDDEAZET
5. FIT, USXIOHELGTERELZOBEEZMITL TIT<ICHizD, BBREFIGE
ERVWSZEIC Uz, WlEFHHEEAWZEETORRIL, PCRESPTA 77 L2y
WA ) ==V TERERTH S, LU s, PCRIETIIEEM OMRMEEET ORRIC
7253, BROMEYICERNTEETFZRDOTB ZEIITERN. 2, BETFOREZ
EEXETETA Ty LY IVAZ ) =20 FETIE, ANV RRERFITHN DR FEBL
TWREETUNEEETE T, RENE THEEIBEEFOBETE RE & T algetkn
BN, ZOXIRMEEEZERT I, A7) -V T HRICEREEEZ 5 XD NEND S
EEASND. KEMEEREC LR Y V20 P 2175 CENTESAEE, Wit
PECEEEET5BETFOI O—Z 0 INTEDREEND 5. EHOBRGETEHEEER Y
Y—Z U THET 21213, BEELUTHYZRIDNEZETH D EEALNDDN, BE
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RO B IPEELOEFEIEZERL, ERELV NN TEGICWMOES LD TE 8
BEEEELEZ. UFFIE, HEHEHTAEROLS BEEZEIHATRST, Mgl
NIV THEWIEEZRT O T, HEMREYOBRORE AW THHEEEEOMIICENAT 2
ZENHES EEZ NS, BRIIABESIZRRY, BEEEY THEAENITERITEND
T, WYORFOBBET VBT TRIEZRET S WRIEND 5. KBRS, MY MIHFETS
258 EF 2B THEI S 254, NaClza D TOAFRDBEREN LR LEZ
EbmEINTWS(Imai et al,, 1996). F/-AERTIE, BNELRTORIZEF S 7O0E—
Y —fEE LT, GALIIREDH T h—AFERTIIR<, ANV AFEHOBOZHWN
3 Z £z L7z, Kobayashi&MacEntee(1990)13, B¥RFSaccharomyces cerevisiaelZ B\
T, B3 v/ THEEINSDDRIABETFO T OE—F —FHEMIT L, CCCCT(CTEE
O5IbpDD ALV AL MR a vV IIRET B L2HENI L. £, TOVAL
VAR, 300mMONaClzfin=&E>a v 7 ARV ARCHIRETZ N —F UM%
WIcXOWSNTEN TS (Treger et al, 1998). ZOA ML AREETOE—F —%2
Wb, ANVAFEETFIEELTHRNOBETEZRHAIBS I ENTE, EEORER
KXo TEELUEDAEENEL RAHRE2A7 ) -2V TRD ZIFEXTIZ7O0—20 70
TELAREEND 5.

FFETIE, B EOXSRBANS, UIX7 OMEECHEE T2 T E2HIEEX Y
V—Z U JETHET S0, BROZA NV AREERENRT ¥ —2HBEL -.

2. WEAIL

2.1 WrFehE

FETRES R 55X (Aster triporium L.) DFEAEZNA RF v 7 AL TRPHES
U, 15BBITKEBENA00mMIZ/E S X D NaClZ2 ML TI0RFM DR N L AN 21T 5
Iz,

2.2 BERInvScl OEMERE

R Saccharomyces cerevisiae®InvScl (MAT « /a, his3—1/his3—1, leu2/leu2 1-
289, ura3-52/ura3-52, Invitrogentt) k4 72NaCliEE (0,100,200,~1500mM) OYPD
B Z AT, BRI ZHEL CTEEZFMEL 2. %7z, pYES2RT & —
(Invitrogenth) Z B HEE#L L 7z InvScl % bk % IxNaCREEE OSD-UralF i A AV, FEkIC
it 2 57 U 7z

2.3 BRAREERAND I — DL

BEREOZ N A&7 O0E—4 —51bp (Oligo 31/32, Kobayashi and McEntee.1990)
IZHIPRBE SR Y 1 b O HindIll & Sall 2 K3 100 U 7=DNAW H- %2 & kA4 ) IDNATERR L,
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10 20 30 40 50
aagctt-AATTCTTTTC CCCTGTTTCC ATTTTTGTCT TTTCTCACCC CTTATGGGGA C-gtcgac

tizgaa—TTAAGAAAAG GGGACAAAGG TAAAAACAGA ARAAGAGTGGG GAATACCCCT G-cagct
Hindlli Sall

S N

IS Q < = Q

E_& 8 s 3 § EE e
: EcoRlI

Aster tripolium cDNA

Fig.1 Schematic diagram of yeast expression vector. A yeast expression
vector was constructed with the 51-bp promoter region (Oligo 31/ 32: Kobayshi
and MacEntee, 1990) of yeast DDR2 gene containing the STRE (STress
Responsive Element) based on pYES2 (Invitrogen). Oligo 31 /32 was ligated
into the multi cloning site of the minimal promoter of the yeast cyclin gene
(PCYCH1) in pLacZi vector (Clonetech). Oligo 31 /32-CYC1 promoter was
replaced with GALT promoter (PGAL1) in pYES2. The reporter vector
containing lacZ reporter gene (pYES2-Oligo 31/ 32-lacZ) turn the yeast cells
blue in B-galactosidase assay. An expression library with Aster tripolium L.
cDNA under the control of the oligo 31 /32 containing the STRE was
transformed into the yeast strain InvSci.
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One-HybridZ # ) —= 37 fi~\% ¥ —pLacZi (Clonetechtt) D )V F 7 O—= > Z 51 k
@ HindIII-Xhol¥f MCHlBAS, KBHEICBEERI R (Fig.l). y0—=7%
Fol-KBEMS TS5 A3 REEWML, placZi® 7 OE—4—CYCI-Oligo 31/32045C
VXHIFREE R Y 1 R DSpel & EcoR1%, lacZBinT DA ICIZEcoRI & XholZ RimicAmL 7=
DNAWTH & 2N ENPCRIEIC K > THIIE X ®7-. pYES2RYZ ¥ —D 70T —4 —HHTh .
% GAL1ZHilfRE# 3R D Spel & EcoRITH L L THD fr &, #iEE¥/=CYC1-Oligo 31/320
DNAWTH %A L7z (DYES2-Oligo 31/32). %7z, #iREW/lacZ#fzTi3, pYES2RZY
H—DINFra—= YA NP DOEcoRI-Xhol Y MMZilAAR, KBEICEEIRT X
&7 (DYES2-Oligo 31/32-lac2).

24 VR—Y—BETOHEAER L ABEEOFH

CYC1-Oligo 31/32D A b VAN 2HERT 572017, L1fd2.3TIER L 7ZpYES2-
Oligo 31/32-lacZ~ 7 & — % BERHT B E i L TNaCIEE F OSD-Uratfhic 7 L —F 1 >
JU, BENERERETHIERB-HII I F—ET4 NI T vEAIEITK > THR
7. E£7, WEGH U R 2 NaCIHEE F OSD-Uralsih Tidfik & D K538 U, 16KReRRIC
BEZ2ENLTB-H57 b ¥ —PiEkoEEETo 2.

2.5 IFICDNATA TS5 —DEREAT Y —Z

B 21T I EYED SmRNAZHIH L, cDNAZARLZ. TD%, HBEL/ZDYES2-
Oligo 31/32iClBiAH, cDNASA 75U —2E L7z, TOCDNATA T 5 ) —&Bf
CREEREE, 700mMOEEDONaClZ TS TAEERERBREZZ 7 ) -2 L
7=.

3. WFFEMER
3-1. USFIDHEX NV ANEREDOAEE

400mM®DNaCIOFEMICE > T, UIF VAR NV X220, 1-2KHEANICER
U7z, B TR O 10K ICIISZE2IBAK LzL D ThHh o720, TDENaCIB A>T
BWRIBICRE T LORHRETHEL, ¥ 0EFZHITE.

3-2. BERFInvSclDHEE

DYES2A % & — DR ET d  BERHnvScLik #0mMA: 5 1500mM ONaCIEE DY PDEE s
B RV, 24BERI30C THEZITo 2. TOHRE, 1200mMONaCliREDYPDEHITH
EBFMNARETH - 7= (Fig. 2). KIZ, pYES2-lacZR7 ¥ —B X RpYES2-oligo31/32-lacZN
75— %R Bl U= BERFInvScl 288 & 7xNaClE EE O SD-Uratg #uc i 2 1), FIRkICHBE
M L& 23, 30°C T8RRI DB 44 TIZ700mMEL_E ONaClIEEE O B TId AL
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Fig.2 Salt tolerance of InvSc1 cells in YPD medium. Saccharomyces
cerevisiae InvSc1 cells were picked up and grown in YPD medium with various
concentration of NaCl. Each cell was grown at 30°C for 24 h.
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HFEHRTHIENTERN-T= (Fig. 3). pYES2RT ¥ — DA EWELBRIEZHETDH
FEEORERTH O, AL Eoligo3l/320WiF R lacZ&inT O E TR OMIE ML L
BNWZEETRRLUE. DEOEBRERICHY, 75 F 7 DcDNA%Z ANTZpYES2-oligo31
/32-lacZRy ¥ — & B X B - B InvScliy, 700mMONaCRREDHE#MTA S ) —
S UEFSTERLE.

3-3. BRARBEANI Y —OBEL B-HF 7 N F—EHHcE 2R L RAREEOR i
PCRIZ K-> THIEE®, pDYES2RYZ ¥ — A Lz lacZB8 i TOMRedT 222 8-S
DRIT =TT LNI T v > THEND. BEERLZTXTOan=—NT5
7 h—ZAAD OEHITEGREZZLEDT, acZ# G FIIPCRIINIC & » THREABMRART 5

T HERET B T &R TE -, KT, STREZ&D51bpDoligod1/32-CYCI7 1
F—% —MNaCliT g U ClacZB i T DR 2R T &2 FKIC L THENDZ. a2 hO—
JVOEH OMM®ONACD THBEROEEERENDTMCEFAZEL TWEA, 10005
500mM & B3N ONaClEEN RT3/, BWHEAEET S &R TEZ(Fie.
3). 600 mMLL_EDONaCl% & T TIXEERE O A B DRI EN o 72720, B0 EHER
TR EMTERNSE. T TTOE—F—ONaClIBEKREEZERML THEID DT
W, A OV OEMTHRELZIODZ—2FBEMD, B4 aNaClRE OSD-Uraif{fi
TR E SR L THEOER N L AT TOMRER ESTREI X 2 lacZB m T OEEEE(L
ERWER L. BERIZODs T, lacZ@izTOEFEEEE, -5 7 ¥ —EoEkz
FERTHZETIHELE. ZORE, WEGEREFORERINaCIRECRLAIL, B-T
55 N F—F OEMIINaCHEEIC G T 2 Z ENW B MR- 7z (Figd). B-HF7 b
¥ — OEMDRAMHEIZ, 1500mMONaCYLERFICHER TE, 2> bO—)LOKI22(5ITH
W7, PEOERICED, STREZET51bpDoligo3l/32-CYC1 7 0E—4 —72NaCld
BEEICKEL THNEGETORAZFE TS I EAHLNITEo .

3-4. UIF I OMEEESEETORI Y —Z22T

% 5X 27 OcDNAZ ST PYES2-0ligo31 /327 ¥ — 2 KIGEIIBE il S ¥ 72T, #
500,000 DB IR EEES Z ENTER. NS ORERRENS T I 2 F2Hi
L, BERInvSclICEEREEHXE T, 700mMONaCliEEOSD-UralfE TRz Y —=2
TEITW, ROT4Tr0—rEFz. BE, ns50oNT & —HIZE ENSHCDNADEE
B ZREL THWS.

4. B

REBRTHEL FBRARRAANY ¥ —1%, NaClOBEEIKF L THNEETORE 2
HEXE 22 EN SN 7= (Fig. 3B X UFig. 4). Treger5iz& i, 450mMDNaClz

-302-



Fig.3 Growth and B-galactosidase activity of InvSc1 cells expressing /acZ gene
under the control of the oligo 31/32-CYC1 or GAL1 promoter. The cells were
transformed with pYES2-oligo 31/32-/acZ (upper) or pYES2-GAL1-lacZ (lower) were
grown in SD-Ura medium with the various concentration of NaCl. The number below
the each dish Indicates the concentration of NaCl in the SD-Ura (0-1500 mM) or SD-
Ura-galactose medium (GAL). Each cell was grown at 30°C for 24 h.
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Fig.4 Dose dependency with elevated NaCl concentration for the growth and
B-galactosidase activity of InvSc1 cells expressing lacZ gene under the
control of oligo 31/32-CYC1 promoter. The cells containing pYES2-oligo
31/32-lacZ were grown in SD-Ura medium with the various concentration of NaCl.
1 ml culture was removed at 15 h after treatment began and AG660 nm was
measured with specirophotometer (closed circle). The B-galactosidase activity
was determined for each cell exiract. A410 nm was measured with
spectrophotometer and values were normalized with a A660 nm (open circle).
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AnEEEav 7 ALK, oligo3l/32-CYC1TO®E—¥ —THEINS B-HTF
5 R F—EOEMENT L h O ORI LR 5(1998). AEBICBWTSH, 400mM
Ta> ha—)LOK2.04%, 500mMTITH3. MBI LR L TR, REDEEZRLIZDT,
N7 Y —OEEICBEIEN> = EEZ 55 (Fig. 3). DL EORRIT, pYES2-
oligo31/32/ % ¥ —% VTR OMEIER 7 ) — 2 > VNTE RS, B RETE
ZDRYZ—IZHA U CHEEERITAMMTA S AIREEZRB L. LMLENS, Ny T35y
> RO LAUNaCIHEETE F OBGE TR I T T H 50 ET 5 £ 0 S BIEANES.
TR, BEROREEROBERE TR 2 v /PR IFLIZY -k BEBE
L av I BREDHEERNS I EN—DOBERTH S EEZENBH, TEBRD AR
DHIRNBEERE R B E L THLL TS RETHS S, A7 Y~ TS
B O ONaCHBEE LS, BEROATRERTERWREOBETHS T L, BREOKET
AT =V IINTESDTE, B-HT7 RN F—EOEHNHRTES T EENS 3DD
BEMNS, 700mM - 488FR 2B L=, L LN S, 800mMEL EDNaClERE TH B/
EBTESZENDS, &5INaCHAEDBWRAZRE L THVLABMNIAZN. KT
BETHY DRI BTV EMEZT, EWIC RN THRAET 5 £ TORMA8RIL L
BB ETBE, 1000mM - 72 BEDEEEE L THNNES D,

B OIS, B O & B L TR BWE WA S, Imai (1996) DERIC K
i, 1.2MONaCHSETHBERDIET 2 = &AW Bl o TV, AEBRICBVTS,
BHEOYPDEHN CTABF I RS, IMONaClEETHEET 3 Z LR TE /= (Fig. 2).
— R, 100mMONaCIEEE FTIRIEE A EBKIET 2 EEbNT WS, HEHEY
TH 5™ TF 5 HA00MMONaCIFAE FCOAGITRETH 275, IMELEONaCIEETI
EERAETHSS. A0 —=2 7 OIcE. BROEENEETERN700mMONaCl
Wi E TASIERN &\ S Sefh 2R U, WD ¥ 2% 2 BB i IR EE TR F O
DNIEMTHS. BROMBENOEREZHET 5D, SEESNZRIF T 70—
> RFDCDNADETIS 2 B TN, MSNDEREESCENTELTHSS.
Fe, WIHIRLIC L avie VRS, 13 3SRk TR T 5 B T B R AR O T T RE L 72
FEMNRE <, ThEORETERAY ) -2/ T 52 E3RTRETSHS. TORRBE
11793 REF REQEE THEERENRIENT WS bORERTENETH S EEX
5N%.

5. SBOBE

SEOEBRTIE, FEAY Y —OMBEEBEROEEGCN /20 ORHZEPLTLE
W, FPELTWERY T 70— OEREREIIOREICEESBho/k. 48T, BH5h
ZROTF 4 T a—OBERINOBRE, /—F NI TVI - a itk 5FHEBMR
W, PPN TV E—vavick sy ) AN E—RORBE 2 TbRFnEE sz
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W, E7z, RYF4 T 70— OFEMNMEZD I EEHFEL, R -2 B EEETD
RETHAS. &6, AP V-V 72T BOBRAEMONaCRBEE T 5720,

K OMHEEORWEROKEZRBINENRD D, BELETHIEK TAFIEANaCIRZELR
HEZAVWB I E2ELTNS,
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Cloning of cDNAs by yeast expression system in the halophyte sea aster.
Noboru Inagaki, Michio Kanechi, Yuichi UNO and Migiwa Takeda*

Faculty of Agriculture, Kobe University, 1-1, Kobe, 657-8501, Japan
*The Graduate School of Science & Technology, Kobe University

Summary

The yeast expression vector responsive to multistress was constructed for the isolating genes
concerned with salt tolerance in the halophyte sea aster (Aster tripolium L.). InvScl, a strain of
Saccharomyces cerevisiae was used for salt tolerance test; the survival and growth in the medium
containing various concentration of NaCl was tested. The growth inhibition of yeast transformant
with pYES2 vector was observed at more than 700mM NaCl when cultured in SD-Ura agar élate at
30C for 48 h. A 51-bp promoter fragment of the DDR2 gene of Saccharomyces cerevisiae, oligo
31/32 (Kobayashi and McEntee, Proc.Natl.Acad.Sci.USA 87, p.6550-p.6554, 1990) was
previously identified that conferred multistress-responsive inducibility on heterologous CYCI-lacZ
reporter gene. The yeast expression vector was constructed with oligo 31/32 fused to CYC1
minimal promoter based on pYES2 vector (pYES2-0ligo31/32). The responsibility to salt stress of
the expression system was evaluated by the B-galactosidase assay with S. cerevisiae cells
transformed with the reporter vector containing lacZ reporter gene (pYES2-Oligo 31/ 32-lacZ).
The B-galactosidase activity was increased with elevated concentration of NaCl in the medium.
These results indicated that the dose-dependent expression is induced by oligo 31/32 -CYCI
promoter in the yeast. An expression library with Aster tripolium L. cDNA under the control of
the oligo 31/32 was transformed into the yeast strain. The transformants were screened with media

containing 700 mM NaCl and some positive clones are obtained.
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