9524 MEMHKEFTYISOREERAOS FHE
BIRERGEE : Rl M (BEEKE AW TRERRY)-)

ERAHRE : HE AE GHEKFE)

BiimAaskis N> 5 (Dunaliella tertiolecta)| 3R T R AR B Mg 7Y
o= )VBEERTGT DI EICL > TOS~SMNaCIFIZEFTE 5, N E TOW
RICL>T. FFVISMEREBEAZAL TTNIIH UTIRET BICESBRERIC
2. Ca* 2 M—DIEERMRF L35 Pk EHR T 07 1~ F+—E(COPK)LHEE
THIEERLI, —H. | BEBEAMICK > THEEERTZ 074 U F
F—EDOFEEERINZLTI S,

PLCDPKHiik A FIH U THIIDNAS A 7'5 ) — ) 5 CDPKcDNAZ Bl L, 252k
BEFN A RE Lico —H . HEBCDPKAVE 077 — BB L THI 3EFDRTF R
DT 3 ) BEFERE Uiz SN6DT 3 BRESNIIEEETIN SHEEINST 2
J BBERF LI —H Uice £7 3/ BEFIHFISIENREMIIOFF—E F A A
v &y CRIBNC 4 DDCaHESY A MEEUAIVET 2 VEUERS. WmEITH
FNTHBEE N A A UDBFIEL. HBINIECDPKTH B 2 EO ST - 72,

FIVREHENEEIC K > Ty BEEICIGE UTEEERZITI ST 074 v FF—
BaMr Ul REREEATM(0.5-02M NaCl)iZ & » T HREELEAT0.5—1.1M
NaCl)|Z & » T H40-kDaF o754 v FF—ENE LI NI, FiFIE 1 ~24%%E
— 7 EUT—IRMICEE LI NIcDITH Uy BF 2200 LIMICEE L X g LR
RBIZI05LL ERFEF I N, RiFIEI oY) VIEEMEAEMBP EEX a2 VER
LU, ABA VIZEBE LI T, BHFIIAHAEAS VEER MV EFEHELUK
N MBPZ ) VERLUZED o oo - THFITEE TIIFHINTE DL, B
B EREFREARICTIRGTFETH D HiE 2 LAPF 7 —+H(low osmotic
pressure-activated protein kinase), %3 2 HAP3 - — 2 (high osmotic pressure-activated
protein kinase) 24544 L7z, MFF—EDOEMIZ T 0T 4 v FF— EIHEHK-252a
THWH X, BHEATFF—YIETIVAH YRR T 7> 5 —B0HIC X ) REHLEN
Too CHOORERIE FFY IS IKRBEEY /FVEERT 07/ vEF—F
ARy — RINEEL, FF—EOERICAET 5+ — 0, BEEAMICL -
T OO DBEIC & > TEMWALERIT B EEZRLTINS, MFF—FRREL -7
FFr—RIZL->TY VBRI B HDEEX SN D, LAPFF—FD LFHEEFD—
DEUTCDPKNFREENG,, F/NIEEMETIHEREEEAWMBIONEE—7 &7
5 —BRI B E 2 B D LR D, I EHNTLAP: - — Y8
PUUIcF - OEMHSBR SN, MM TIXCOPKE#RERLET ST OT
A v FF—EH R — NOFENHEN I NS,
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9524 MEHFEFT)ISOREERHOSFHE
BIAEIRE | Bl ME BEERYE EHSTRERRES)

LEBEE - Hr BE GHERF)

1. FEE®

BB K- ) =5 128D TELEER b By fMlan s ) Lo — LB Ex
T 5 LK DOSSMNaClFICEBETE 5, BEFLISHET 28 s L
TN HEH® 7Y 2 o — VARSI AHFRILEEICIT b TN S A, BEEE
(CDBA & 7 F IVGERHE T OV TIHIZ EA ERF XTI, B (HIEES
FEERMICE DI L F+ ) L5 ORREEICT EBEE Y VML 5
Z &y CalMREE SO A VR — ¥ (COPRNE O ) VE(LE il d 5 & &% EE
B S T UTz(l) s AR CIAEM ThiGED 7 0 71+ 9+ — ¥ Tih 5 COPKA BB
ERGIMET 22 E0 s, TOEETFEHEEEUEERSI) S EESh 2 EOED
W LSRR T T 5, —F7. COPKERRIICEBEY 2 v 7 IS E UTEE(LE
BB 05 v EF—EOEEERNKE LTINS, BIa0BR THEEX b L
ZIT & 5 TMAPF — ¥4 R — RRNEH(L I BH, K1) 25 OBRBEERK
DIZE IR R BAOAE L T B TN D B, CDPK BB ENEES > —¥
DORREIZDWTIETT 5,

2. RbE
2.1. CDPKDHis & ¥ 8k
2.1.1. 2EcDNAQ B LIEXRFIRE

FEFANR T 7 — | THEE LI R+ Y T SDNAS A 75 Y —% §it COPKHAZE T
X7 == LT 3 DDcDNA(DPK1,DPK2,DPK3 )% Bl U 24 & D5 K IgE 2
FIARE LT CRIER), TNHET I ) BIIHEABILE, WFhbToTo v
Fr—BEWE N A A EMHRAEOE OB EEA T, EcoliTHILUICARZ
FEAEOEEIZ. WTNOHEECDPKO N LD b/h& L, 28X - FL TV
WEEZ SN DT. S2PTS5 UL LIeDPK3% 70— & LCHEEDNAS £ 75 Y
=% A7) ==V UTEDEHED I o— v H#)EHR, FATAFVIEICKDAE
S ERE LT,
2.1.2. BCDPKOE 4T I /) BESIRE

KBICDPKONERS 7 3/ BIIT N VABETIIIRETE T, BHERITI TS
LHEE XN, £ TV8T 0T T —E Tk L TRTF Nl %715SDS-PAGE
THE. PYDFEIZT7 07 4 V7 UTHENRTF Ko =4 v —THir Ui
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2.2. BEEZICEE L TERAINE T4 v F+ — L ORI
2.2.1. FHYISHBOBEREABELU nrA ¥+ —PHERALE
K1) = 5 (Dunaliella tertiolecta)\$BEIZ#R4E U7 5 H(1,2) THEE U, Ml
0.5%(v/V)IZT5 5 & 5 120.5M NaCla& Lk B U T, #2470 B EEDNaClE:
FEVIVE b=V E AU LSEA DR TSR A 2 8ICF T 5 2 itk - T,
B EBBELY 2 v/ A5 0, MWERIZEBEY 5 v 7 AMENIC305 R L1,
BB, R —EBOMIE10%TCATH L, #L L THED, 80%7 & b
VTHe-> TTCA%R Bk LR X 4 721%. SDS-PAGEREHEMBIRICHAM LT,
2.2.2. FayA rF¥FF—FOXINVAFERIE

AEE A E2mg/ml% N2 TSDS-PAGES S IL(10% 7 7 V) VT 3 R)%E(LEE 7,
FAWERIEUTER A b, A VA0, MBP(R ) UIEEMEERE)Y
WERS, TH oD IVERWTERE D BEKKENEIT > 720 ZIVE20%(VA )
7N ) —)VEELS0mM k) Z-HCI(pH 8)/5 mM 2- A )b 7 b5 ) — )b (BE#)
TR UBE - TSDSER IV, RICHIVACMY 7 = w-HCLA S HRIKICE L.
FIVADOEAE A TBRIIEE I, EEEOHEEME/LIZS L% 0.05%TweenX-100
TR E4OCTIS20BRE L5 95 2 STk DIT 5 72 ATPA & H 1V UGHK
(40 mM HEPES-KOH, pH7.6/ 10 mM MgCl2/ 0.5 mM EGTA/1 mM DTT) T4 )L A 4t
Uic#. 25 pMIy-22P] ATPA7RAN L C BRI 4 Bl L30°CT LIRS 720 5%
TCA/1% Na P05 « THy0 (210D %A TRIGEELLE U, REEDATPIZ(E 1K
TR E L IVE SRS U TR, FIVESIRERENEIEDH 53 R/ F A
A=V VT TFSAF—F A — NS UA TS T 4 —THIE LT,

2.3. EBBEY 2 v itk By N IERAMRBEC 2T RED LR
231. 274 vBAMBORK

kY 55 DCaPHEEMRABEEL 7 A1) Vi, Cat L4 LT400nmAED
WEORAERET B, T/ UETHELI A Y ERBAEL VTS Db Sk
RENT D, 7HRIY A L DNAMEE S NI BEER ST, 4118
BHEC BEONEICHA TN TN E@), &/ THRMIEBY- 217 R/ 4 &
cDNAAIA A AA T/ NA V) — R 7 &7 — % & D Agrobacterium tumefacience 7 &4 X -
TRIIAY) VAEREEA LU, COREERKEEERLIELV VTSV v
WHAFEET, MIEWE ROy 4 Y L AR ¢z,

2.3.2. BBBEY 2 v 7 IC X BRAOHE

T4 AR b2y S TR E . AR A L TR Y
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HEICEDARBBEEY g v 725X 1, EHBITATPT 4 b A — & — THIlamE
Ca?t i BT & 5 TR BR6AHE Uiz,

3. k5B
3.1.CDPKD#i & sk
3.1.1. CDPKcDNAD £ ERH _

Fig. 1|IZcDNA#140D &M 202511 % 77 U7z, ORFI26397 I J % I— KL, ZOff
|$SDS-PAGE T8 5 NIAEEIER D'E E60-kDa & FRRXN D T 3 J BERFEH L O
HDEBD 5T, WIESNICT I BEFIFITE. NEBAICIIDOFF—E R Ao o,
CHRIBMANT 4 DDCaZTHEL Y A FEBDHILET 2 ) VM KA A VB ER T
Too MAICEHRENTHREL FAA UOEEL. BT CDPKO—DTH 5 I EDVR
i,

3.1.2. }§8 CDPKOE4# 7 3 / BRECH)

V8T O T —BHIKSHREEN DS B 3 RTFF FDT 3 ) BRECH| % thie U 7=(Table

) TN SDEFNNTNT T & DNADIGERFI) & IEE X N /ciFO—E &E—H Ui,

32. BEEEACRE L THERILINE 0T A4 v FF—E OB
321. G- BBEE Y avy 7 E LIt ToiA4 v FFr—¥OEHL

Fig. 2BIZBEEY 2 v 7O T 074 FF—EEHDOE(EE X 7 IVTE
BFUICHERTH %, BRBEY 3 v 7 NaClig % 0.5M & 0.2MTE T )IZ & 9 40-kDa
TorA vFF—EDRRMITEER LI N, 125 TE— 7 10E LB S IR E L
XNl BEERLEY 3 v 7 Tldb - ER40-kDaT o7 A 3 F—ENEH(LES
. IEMELRBIIS A3 F TEALE T, LBWw - (D AE (LI s, £7c, 60-kDa
TorA vFF—Eb2-5Sic—@BEIChTMUER LI NI, BEEY s v I RS
IRV EREENEME T H75-kDar 074 v F F—EOiEWEEI B X/,
ZONY REE - BBEBEY 3 v 7IC& D)W DIEMELESIT T2,

FIREEEBRE 7B A V7 IV E RN THT - 72(Fig. 20), @BELY a v 7 2%iITic
MR TI340kDaT o 7 A v FF—EDVEBALE T . EHEALD/ N — L IFER b
FIZEBT BN EFU LT, 40kDar 7 A »FF—EEHIEEX M 70
TRIFEAEBREINTEELD R oo -7, Fio. 75-kDak85-kDaF o7 A
vEF—ENERELELAEME - SERELLEMB TOI MR S, aR
& LB Cldt it N Eh - 72,

EEEOEAGER VIV TRBEOERELT - 1ok R Fig. 2ATH 5, 77 A
vEF-VYOEKEIESELMEONMICHD S THINTE -7, TDIZ LIk
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ZhuRehEAS U EY VML UIc LR T oA vFEF—EERIE. ThoDHED

) VBALEEIC & > THRITE LN E2R LTINS,

Fig. 3|l3MBP4 )L A FWTIREERLE Y a2 v 7 25X 1ciilaZ @i LIcHERTH 5,
ZDFIVTREBELLEMITIZHE TS, 60~200 kDajZH 7z - TEHODIENT O
FA VFEF—FEEONN Y ONEEXNICH., 40kDaT o7 A v FF—EHUERY
IC— B IE AR Uico RUICIERIIMUVDNERBIEY a v 7RO T 071 &~
FF—VDY — L IFERBENEMN & FRETH - 7o “

IBBEEY 2 v 712k 540kDay 07 A v FF—FO—BHIEHEMD/ ST — 1
EX b IVEMBPHILETHLUL TN, —H. BREBEEY 3 v 71T L 540-kDa
TorA vFEF—EOmHD TEELER T, EX TV EREA VT IVTEE
TN, TNHDERIIFFI TP EL 2D040kDaT BT A FF—+
bbb, TNOIREEFRELRICL. BELICHT 2RE SISEEED > T
L EETRBLTNS, RBELEY 3y 7 TEE(LENSF - —EXLAPFF—F
BEBEY 3 v 7 TEECIND FF—EEHAPFF—¥ E@mf LT,

322. BEE®WE E 07 A4 V¥ F—¥EHL

Fig. 4{3HAPF > — ¥ DEWALICH T B REBEEEOFKE LRI LDTHD, BE
FEvaywl#280EHERLUTINS, £EX b AV TIENaCLE B S50~1000mM T
FICHFE L7c40-kDaT o7 A v FF—EDOEHENEZ iz, 75-kDak85-kDa¥
F—FIREHICEAD R SN -7, 40kDaT a5 A v FF—FOEMIZ Y IV
Er—VBEICEEFELTOEE SN, VIVE b—IUT L 5> TiES~150kDajlHr 7z -
TEZHDOFF—EDWEEE NI, —FH. MBPF LR TRl S T a7+ v+
— P INaClBEEEADFEEZIT i -1, VIVE b—IVBEAL2ME LIl ER X
o & EITIE, 45~150kDaD o7 A v FF—ENZHEEE L E N/, T S DRER
[ENaClE Y IV E b= JUVE FH ) ZFICR T S 1R E S TNAH I E2R LTS,
VIVE b=V TIE L E N /240kDa T 0 7 A v FF—¥ ENaClCiE /L X 41 7-HAP
FF—EORAUBRTH LN EI NMIHSHTIET L,

323. BBEVav/ickslorA v¥FFr—EEHIADK-252a Xy U0
ZRY vickBEE

K-252al 240 ZARY gk vbvA=Zv-dA T TarA o Fr—€ LT
Y FATTOTA U FF—EDOENNIEERTH S, N LI EK-252aT
BT % &, BEREY 2 v 7 ICXBLAPFF— ¥ LHAPFF— EDIEH/LITES
IZPHE X N e (Fig. 5)e RF U0 ARY Vb RBEIEERND - 72, K252 BT
BEBEY v 7 CEMBRIC4SkDa oA VFF—EhkihIhic, Fov-F
A FTFaTA vFF—CREMNESHE LU THMoNE T IV F <A 2 ik, LAPF
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F—E LHAPF F— P DEHAICHE LIS - 7ce TN ODRRIZK-252ak x5 ™
o ZXRY g, LAPFF—F LHAPFF—E 42 Y VLU TIEMALT 5 Sl Xh
57074 vFF—E¥EAETLIEICLST, BEEY 2 v 71T K BLAPFF—
¥ EHAPF F— Y OIEMALEIMNHE Ui 2 EARB LTINS,

3.2.4. Y UBMLICE BLAPF >+ —¥ LHAPFF— ¥ DKL

& BEEEY 3 v 725X ICMBOMIBEETIVAY 7+ A7 77— THHE
9B &, LAPF > — ¥ LHAPF S — PR LICKIE L, THbbINLDT BT
A ¥ F—ERY) VBRILEZIT IAEREE LI NI EERLTWS, TV T
A RT 78 —CUBIIREREY 3 v 7 OFEEFIS73VI5-kDabl85-kDay oA »
FFr—ELREIEI, HoTINSDFF—FH ) VILIZ K BEM(EZITT
WAZ EDBHOOTH 5,

325. 7+ RT7+xFuv ) 70kt s 0Btk

NI+ RTxFavE) 70 VHHPY2202HNTO IRy 7 a7 4 7 %57
ST AL BBEY a v 7 25X 74lah o b RAEOMIEN S b AERXX T
HZEHEIIBHINIDO -T2 L URE UHETRIIBD M K & b =&, th
B % 7 OVATE RIS & » T U7c(Fig. 1) &2 A, BEEME DI HD 5
F75kDar o7 A FF—EEENN Y KR ENIc, BEBEY 2 v 7 A EZ 7
OB LD 613100-kDa” o7 1 v FF - iz, LAPFF—+ L
HAPFF—FIIHHY T 540-kDar 07 v FF—BI3HREILESH S I3KRE X NS
Moloe TNODRERIZLAPF F — ¥ EHAPF F—F I3 F oy VEENY VB LS
NTLENS EARLTNS, $£7-100kDa” 05 A v+ F— VPR EEEEY g v
I - THEH LI EEZ NS,

3.3. EBBEEY sy /ickd s oERElERREEC St BED LR

K LS5 ICBOTIEEBE Y o v 7 SMIIERECa2 i LR AT 2R3 &
PHEFEN T D, FFYIIIITIAY VABA LTI NARERT 5o ENTE
NBH. KFY L5 OREEREAK I N TUINO T, BEERNES T
IWDBBIEY = v 7 ERBICARTE 55 /S THEMIE VS &2 Uic,

Fig. 813 5 /N MBI EEEL Y 2 v 7 2 52 1 DT DORMENTH 5,
Vg PRIOBEE— 7 £ 5B MIREE CaZ IR ERAET 570 EER
LT3,

4. BE
4.1. CDPKDHE &1tk
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¥&81 CDPK®D 3 #I D47 3/ BRECYiE. cDNA#I4DERRCT L5821l —H L
JoDT. T DDNAZKESL CDPKEREA 31— FLTWB EEZ 6N 5, 7 1/ R
FHINKEANZFF—F KA A VA CEKRIBANI ANV ET 2) VEURAAL Vb D,
MEICEE N TBEE A A A& b D7 CDPKO—DTHh 5, BEIRoNT
B BB (107 ~10"0M Ca2 P TIRE I B AL I B, AVET 2 ) VILE
FITHEZN 1L ENL3) EBEABEOHE LOFBIZEC—HB LTI 5,

42. BEEEICEELTERILZhEZ 071 v FF—EORE

B-EBEBEYavw /A RNFYVIIIIER S E, TNLENHAPF S —E LLAPF
F—EOEEL XN T, WTNSEEAKDaTH 2 0EHALER . EEFRENRS
ZDOTRINABETHHIEIZHOHNTH S, NaClIBED L7 LIKT DY 7 FIVid
B S5 R TEEIND EEZOND, o, BEL EFAANaCITT O M/ ILE
F— LTI IS L 5o THRIE 5T BT A v F—EMNE NI, THED Y
TFIVIZRIL 5 1R TIEEINSLDTHH Do

HAPFH — ¥ LLAPFF— P DEMALIZK-252a0 X4 7 o AR Y Y THEINKC
Tl BIUECINIBEET VA T+ R T 7 ¥ —ERET B ERE LT
Eo. EMLIZEBEEBAED) VIMLDERTH S EEZL 6N, LT - T,
HAP : LAPFF—t¥ %) VE(LUTEMLT 57 n74 v FF—E0NEEL. Ih
SNBBEY 3 v Itk TEFEEIERT B3I THS, £/, HAP - LAPF
F—FDY VELIZF oY VEBETIIRES - TWEWNWI ENREBEZHIRINID
T. B bFF—FlEF oy o EF—ETERNEEL SN D,

HEE 1T IR FYISIVEEBE Y a v 7 AART D EL SHBEE—7 &L
T28~32kDaDEH DR T F FIN—@HIIZ ) v IbEh b 2 EAHE Ui, K-252a9
27 aARY FI DY VL ERES B2 TR IREERE TR U 7cil
OFREESE HEELz, LAPFF—FDOEMEID 2 o DREF TGl 7,
o, LAPF F—POEMHALIZI28TE—27I1IZZE LD T, 28-32%kDadRTF KD
) UBEIS SN » TR 5 TWB K ITRA B, LAPFF—FIEI N 6DRTF K
) UBbT AT TA v EFEF—EOEMEAFF—ETHE0bENT N,

—F7. 28~32-kDarTF KDY VEBALIZ ANV T LAF ) T+ THREIZE > THFI
ST ENTEIOT, EBEEY 3 v 71 & 0 MIIRCa> I FRAKES >
BT B EHME NIz, EBEE S 3 v 71 & B HIEEECaZt A R, ©
A VEA NI TEERR SN, RUIENFFY IS TREI TS
TR AT 5 bDTH S o Cat il ESIICDPKDIEALE b7 59 TH
5. Fio. SHOLAPFF— ¥ DEMALICEN Db D TH 5785 COPKIZLAPFF-
—¥OLHIMET HiEH LT F—ETh HuielENDH 5,
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INETIBE LT 0T A v FF—FPIEIREE Y 7 FIVIGER K OHRERET
HBHEEZoNBEN, TNTNDHEIZED XD ITEZINTNSENIDNTI,
ABREICHSMIUTITNE S TR 5780,

3CHR
(1) Yuasa, T. and Muto, S. (1992) Arch. Biochem. Biophys., 296: 175-182.

(2) Yuasa, T. and Muto, S. (1992) In Research in Photosynthesis. Vol. I'V. ed., Muraté,N.
pp-263-266. Kluwer Acad. Publ.

(3) Yuasa, T., Takahashi, K. and Muto, S. (1995) Plant Cell Physiol., 36: 699-708.

(4) Knight, M.R., Campbell, A.K., Smith, S.M. and Trewavas, A.J. (1991) Nature, 352,
524-526.

E) Muto, SR (L R DFME B

Table 1. Amino acid sequences of peptides produced by V8 protease digestion from Dunaliella
CDPK.

Peptidel V-QM-I-M-D-X-M-A-G-X-P-N-V-V-X-X-X-X-V-Y-
Peptide2 QN-G-V-A-S-D-E-P-L-E-M-V-EV- ,
Peptide3 X -F-N-X-N-V-V-L-R-D-V-A-X-G-G-X-K-A-
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CAGTTAGTCTAATCTGCAGACCTTTGCTTGCTGGGCCATCCATCCATCCACATCAACAACAACACAACACATAAT 75
TTGGGGGGCCATCTTGAAGCCGCTCCCCTTTAATTCCACTCCACAACCCTTCAGCCTCAAAGCATGGCGAGCGTG 150

1 M A S V 4
GACTGCACGTTGGTCTCTGCGAGGGGCATTAAAGACGTGGAGATAGTTGGCAAGCAGAGCCCCTATGCCGTGCTG 225
D CTOL V S ARG I KDV ETIV G K QS P Y A V L 29
ACTGTGGGCCCCAAGACATTCANAAGCGGGACGGCAAACGGAGGTGGTAGCGACCCGGTCGAGTGAATTTGCCCCG 300
T vV G P K T F K $ GG T A NG G G S D P V S E F A P 54

. CAAAACTTTTCCGCAAATCATCTGACGCAGCGCTGTGAGCTGTCGGTGCAACGGGACGAAAGAGCCCATCATGCT 375
Q N F §$ A N H L T Q R C E L S V Q R D E R A H H A 79

TTCCCCAAGCCTGCCCCCCCAATCCTTTGCGAGTTGCAGGTTTGGAACCAGACTPTCTCATTCACARACGTCACC 450
F P K P A P P I L CE L QV WNQTF S F TN V T 104
CCCGATTCATCCGTCAAGTTGGAGATATTCAACTCCAACGTAGTGCTGAGGGATGTCGCTATTGGTGGATGTAAG 525
P DS SV K L E I F N SNV VL RD VA I G G C K 129
GCTCCCATGGACAAGGCGTTATCAGCTGGCAAGGACGAGCTCACCCTCCCCATCATCACCAAGAAAGGCAAGCCC 600
A P M D K A L S A G KD E L T L P I I T K K G K P 154
CATGGTGAAGTCAAGCTGATACTGACCCTCAAGCCCGATGCCACAAAGCAAATGGTGACTAGCCACAAGACAAGG 675
H G E V XK L I L T L K P DA ATK QM V T S H K T R 179
AAGGCAGCTGGGGCCTGGATCCTGCCCACCTACGGCAATACCGACTGCTGGAAGGAT TATGAGCCTGGCACACTC 750
K A A G A W I L P T Y G N T D C W K D 204
CTTGGGANGGGCACCTTTGGCACCACCTACCTCGCGACAGAGAAGAAG ACGGGGCAGAAGTGCGCTGTCAAGGTC 325
L G K G T F G T T Y L A T E K K, G O K C A V K V 229
ATCTCAMAGCGCAAGTTGACCACACCAGATCAGG TAGATGATGTAARGAAAGAGGTGCAGATCATGCACCACCTG 900
I s K R K L T T Py p F MV D DV K K E ¥V O T M H H Ly 254
GCTGGCCACCCCARCGTGGTCGGCTTAAAAGG ECTGTACGAGGACAAAAGCAATGTCTGCTTAGCAATGGAGGTT 975
A-G H P N V V G [ K G V Y R D K S N V C L AMEUV 279
GCCACAGGTGGCGAGCTGTTTGACTCCATCGTTAAGCGTGGLCACTACAGTGAGCCCGATGCGGCAGAGCTGATA 1050
A T G G E L F D S T V K R G WM. Y S E B D A a8 P L T 304
CGTACGATTGTGAGCGTTGTTGCGCACTGCCACAACATGGGCGTCATCCATAGGGACCTCAAGCCCGAGAACTTC 1125
R T T v § VvV VvV A H C HNM@GM T H R D L K P R N F 329
CTGCTGTCCGACAAGTCCCCCAGAGCTCAGCTAAAGGCAACGGACTTCGGTCTCAGCTCCTTCTTCCAGGAGGGC 1200
L L S D K S P R A L K A T D F G & S S F F.O B G 354
CAAGTATTCACTGACATTGTGGGTTCTGCCTATTACGTTGCCCCCGAAGTCCTGCGTCGCTCCTATGGCAAGGAA 1275
0O VvV F T D T WV G S A Y Y V A PE VL R R & Y G K E 379
GCGGACATTTGGAGCTGCGGCATCATCCTGTACATCCTGCTGTGCGGGTTCCCCCCATTCCATGGCGACAGTGAG 1350
A_D T W ¢ G T I L Y T L L C G F P P F H G D S E 404
ARGAAGATTTTCGAGGCCATCATCAGCAAGTCTGTGGACTTTAACACGCAGCCGTGGCCCAGGATCTCAGCTCCT 1425
K_K T F E A T T S X S V D F N T, Q P W »p B T S A P 429
GCCAAGGACTGTGTGAAGCGCATGTTGCAGCGCGACCCGAAGAAGUGTGCGACCGCCAACCGAGATCATGCAGCAC 1500
A K D CV KRMILQRDUPIK KUK RATTANE I M Q H 154
GACTGGATGCGTGAGAATGGTGTGGCCAGTGATGAGCCTC TGGAGATGGAGGTCGTGTCGCGCATCAAGAACTTC 1575
D wWwyd R E N GV A S D E P L EME V V S R I K N F 479
AGTGGCATGAACAAGCTCAAGARGGAGGCCCTCARGGTCATCGCTGTAAACCTGCCCATCGATGAAATCTCTGGT 1650
S G M M K L K K E A L K V I AV N L P 1 D E T 8§ G 504
ATGCGGGAGATGTTCATGGACATCGACAAAGACAAGAGCGGCARCATCACGATTGACGANTTTGCGGCGGCACTT 1725
M R E M F M D T D K D K S G N I T I D E F A A A L 529
CACAAGAAGGGCCAGATTGTGACGGAGAAGGAGATTGAGAAGATCATGANGGAGGCTGATG TGGATGGGGACGGC 1800
MK K G 0 T vV T © K FE T F K T M X _E A D V D G D G 554
ACCATCGACTATGAGGAG I TCCTGGCTGCCACCATCAACCTGGGCAAACTGCAACGAGAGGAAAACCTGAARGACT 1875
LI D Y B F F L A T T N L G K L O R B E N L K T 579
GCATTTGAGCACTTTGATTTGGACGGCAACGGTGARATCTCGCATAACGAGCTCGTCCAGTGTCTGTCTARGCTG 1950
A _FE B H F D L, D G N G F I S H N BE L V O C L S K 1 604
GGCATCAACGACGCGCACGTTAAGGATATCATCAAGGAGGTAGATGCAGATGGCAACGGCCAGATCGACTACAAC 2025
Gl N D A H V K D I T K FE V D A D G N G 0O T D Y N 629
GAGTTTTGCATCATGATGCGCAACCTGGATTARAGGTACCGACGCGGAAAAAGTCAGGGCCTGATCATCTGCATC 2100
E. P . C. L .M M R N L D * 639
GCTCCTAGCCGTTCAGATATGTTCAGAAARTGTTCAGCACTTCCTTGCCTTAAGAAATGTGGAGTGATTGGTTGC 2175
TCAGGGCAACAGCTTGGGTGGTTTTTACTCATGCTGCTGTGGCTTGTTCAGTAGCTGTGCATGTTGTTTGTATAG 2250
ACACTGCTGCACTGAAAGTTAAAGCTCTGGAGAGGTCGTCTAGTGACTGCTCTCGTGTGCTTCTAGTGAGGGGGT 2325
GAGTTGAACAGGTGCCTTCCTTTAATAAGTCTAATCGGGAGAATGGATGGCTTGTTCTTTTGCTGGAACTGTGAG 2400
CAAGCTCAGCAGAGCCTTGTGTGCTAGCACTTTGAGATGTGCACGCTTGAAGGGGTGATGGTGTTCAAAATTGGA 2475
ATTGAGGGGAAGCATTCAGCTTAAATGGCCACATAAGAATGCAACCGATAATT TTGGAAGAAAGARACAGAACGT 2550
ACTTGCTAGACATTTTTTACTCGCCGCTCCCCTTGTCTTCCTCATTGGTGATTTCCTGAGCTGTAAGTGCACTGG 2625
AGCCAAAAAAAAAARAANANAAAAPAAANAAAAANARAAA

Fig. 1. Nucleotide sequence of cDNA cording Dunaliella CDPX and amino acid sequence
deduced from the nucleotide sequence. Kinase domains are indicated by thin underlines and

calmodulin-like domain by a thick underline.
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Fig. 2 Effects of osmotic shock on the activities of various pro-
temn kinases. Dunaliella cells were killed by 10% CClLCOOH
at the indicated times afier osmotic shock and cell extracts (38 ug
protein lane ') were subjected to clectrophoresis. In-gel assays off
kinase activities were performed on no-substrate gels (A), histone-
gels (B) and casein-gels (C). Left pancls, isoosmotic conditions
(0.5M NaCl, 1,119 mOsm (kg H.0) '); central pancls, hypo-
osmotic shock (0.2 M NaCl, 503 mOsm (kg H.0) '); right pancis,
hyperosmotic shock (1.1 M NacCl, 2,324 mOsm (kg H.0O) . The
activities ol protein kinase were visualized with a Bioimaging ana-
lyzer. The duration of cxposure to imaging plates was 16 h for
histone-gels and for the casein-gel that was uscd for hyperosmoli-
cally shocked cells, and 30 h for the other gels. The locations of
85-, 75- and 40-kDa kinases arc indicated by arrowheads (from
top to bottom).

2 0251020

0251020 min

200—

97.4— |
69—

30

0.5—0.5 M NaCl 0.5—0.2 M NaCl

7 9 3
A
kDa 1 2 3 4 5 6 7 8 910 11
200—| : AR
97.4—
69— ;'
46—
30—
Sorbitol
B
7 8 910 11

Sorbitol
Fig. 4 Dosc-dependent activation of protein kinases by osmotic
shock. In-gel assays of kinase activities were performed in
histone-gels (A) and MBP-gels (B). The osmolarity of medium
that contained 0.5 M NaCl was changed by adding NaCl (left
pancl) or sorbitol (right panel) to the indicated concentrations.
Lane | (control), 0.5 M NaCl (final, 1,120 mOsm (kg H.O) ');
lane 2, 0.55 M NaCl (final, 1,220 mOsm (kg H,0) "); lane 3, 0.6
M NaCl (final, 1,314 mOsm (kg H.0) ) lane 4, 0.75 M NaCl (li-
nal, 1,612 mOsm (kg H.0) Y; fane S, 1.1 M NaCl (final, 2,325
mOsm (kg H.0) 1); lane 6, 1.5 M NaCl (final, 3,092 mOsm (kg
H.0) ); lane 7, 0.5 M NaCl and 0.1 M sorbitol (final, 1,235
mOsm (kg 1.0) '); lane 8, 0.5 M NaCl and 0.2 M sorbitol (final,
1,335 mOsm (kg 11,0) Y); lane 9, 0.5 M NaCl and 0.5 M sorbitol
(final, 1,757 mOsm (kg H,0) "); lanc 10, 0.5 M NaCl and 1.2 M
sorbitol (final, 2,756 mOsm (kg 11,0) ' and lane 11, 0.5 M NaCl
and 2 M sorbitol (inal, 5,134 mOsm (kg H,0) Y. Dunaliclla cells
were killed by 10% CCLCOOH 2 min after the osmotic shock.
The resultant cell extracts (42 pg of protein lane ') were subjected
to in-gel assays of protein kinase activities as descrived in the
legend to Fig. 1. The locations of the 85-, 75- and 40-kDu kinases
are indicated by arrowheads (from top to bottom).

Fig. 3 Effects of hypoosmotic shock on activities of protein ki-
nases in MBP-gels. Left panel, isoosmotic conditions; right
pancl, hypoosmotic shock. Dunalicllu cells were Killed by 10%
CCLCOOH at the indicated times after exposure to osmotic
shock. Electrophoresis was performed with 49 ng of protein
lane 'in MBP-gels and the activities of protein Kinases were ana-
lyzed by autoradiography. The location of the 40-kDa kinasc is in-
dicated by an arrowhead.
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Fig. 5 Effccts of inhibitors ol protein kinases on the activation
of protein kinases by hypo- and hyperosmotic shock. Dunaliel-
la cells were subjected to hypoosmotic (transfer from 0.5 (0 0.2 M
NaCl; pancel A) or hyperosmotic (transfer from 0.5 to 1.1 M NaCl;
panel B) shock. Inhibitors were included at the indicated concen-
trations. In-gel assays of kinase activities were performed with 46
sg of protein lane " in histone-gels, as descrived in the legend 1o
Fig. 1. Arrowhcads indicate the 75-, 45- and 40-kDa kinases (from
top to bottom).
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Fig. 6.Dcactivation of protein kinases by treatment with a phos-
phatase. Dunalivlla cells were subjected 1o hypoosmotic shock
(transfer from 0.5 to 0.2 M NaCl, lanes | and 3) or hyperosmotic
shock (transfer from 0.5 to 1.1 M NaCl, lanes 2 and 4). Cells
(packed cell volume, 2 gd) were Killed by 10% CCLCOOIH, 2 min
alter the osmotic shock, and cell extracts were treated with call in-
testinal alkaline phosphatase (CIP; 0.5 U ml ') lanes 1 and 2) or
boiled CIP (lanes 3 and 4) For 10 min as described in Materials and
Methods. An in-gel assay of kinase activities was performed in a
histone-gel as deseribed in the legend to Fig. 1o An arrow indicates
the 40-k Dat Kinase.

Immunoprecipitates
by anti-P-Tyr antibody

Osmotic shocked
cell extracts

Fig. 7 Activitics of protein kinase in immunoprecipitates of
extracts ol Dunaliclly cells treated with anti-phosphotyrosine
monoclonal antibodies. Dunaliclla cells were subjected to iso-
osmotic conditions (transfer from 0.5 1o 0.5 M NaCl, lanes 1),
hypoosmotic shock (transfer from 0.5 to 0.2 M NaCl, lanes 2) or
hyperosmotic shock (transfer from 0.5 to 1.1 M NaCl, lanes 3).
Cells (packed cell volume, 2 gd) were killed by 109, CCLCOOLH, 2
min after osmotic shock, and cell extracts were solubilized in
Lacmmli’s sample bufler. Hall of cach resultant sumple was immu-
noprecipitated with anti-phosphotyrosine antibodies (clone PY-
20) as described in Materials and Methods. In-gel assays of kinase
activities with the cell extracts (A) and the immunoprecipitates (B)
were performed in histone-gels as described in the legend to Fig. 1.
The duration of the exposure of the gel in A to the imaging plate
was 150 h, while that of in B was 20 h. Arrows indicate the 100-
and 75-kDa kinases in A and the 40-kDa kinase in B.
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Fig. 8. The hypoosmotic shock-induced [Ca2+]c elevation in tobacco suspension culture cells
transformed with apoaequorin cDNA. Three-day old transgenic tobacco suspension culture
cells were incubated with 1 mM coelenterazine for 8 h. The cells were washed with and
suspended in the fresh medium. After 30 min, the suspension was diluted (indicated with an
arrow) with 2 volumes of the medium depleted sucrose (90 mosmol, A) or the normal medium

(120 mosmol,B). the osmolarities of the deluted suspension were 125 (A) and 200 mosmol

(B).

-365-



Molecular mechanism of osmoregulation in the halotolerant
green alga Dunaliella

Shoshi Toriyama and Takashi Yuasa
Nagoya University Bioscience Center, Nagoya University

The halotolerant green alga Dunaliella grows in media containing 0.5 - 5 M NaCl
by regulating its cellular concentration of glycerol. We have shown that Ca?*-
dependent protein kinase (CDPK) which requires only Ca2* as the activator, involes
in the process of osmoregulation after hypoosmotic shock in Dunaliella tertiolecta.
We have also discovered protein kinases which were activated in response to
hypo- and hyperosmotic shocks.

In the present study, a cDNA coding CDPK was cloned from expession cDNA
library by using an anti-Dunaliella CDPK antibody and its whole nucleotide
sequence was determined. On the other hand, amino acid sequences of 3
polypeptides produced by V8 proteinase digestion of the purified CDPK were
determined. These amino acid sequences coincided with the respective paris of
the amino acid sequence deduced from the nucleotide sequence. The deduced
amino acid sequence contained 11 protein kinase domains at N-terminal region,
calmodulin-like domain with 4 Ca?* binding sites at C-terminal region, and a
pseudosubsirate domain between the kinase domains and the calmodulin-like
domain, indicating that rhis is a typical CDPK.

Using an in-gel protein kinase assay, protein kinases activated in response to
osmotic shock in Dunaliella cells were analysed. Protein kinases with molecular
mass of 40-kDa were activated by both hypoosmotic (0.5 to 0.2 M NaCl) and
hypersomotic (0.5 to 1.1 M NaCl) shocks. The hypoosmotic shock responsive
kinase (low osmotic pressure-activated protein kinase; LAP kinase) was transiently
activated with a peak 1-2 min after the shock, while the hyperosmotic shock
responsive kinase (high osmotic pressure-activated protein kinase; HAP kinase)
was rapidly activarted within 20 sec and remained in the activated state over 10
min. LAP kinase phosphorylated myelin basic protein (MBP) and histone but not
casein. On the other hand, HAP kinase phosphorylated casein and histone but not
MBP. Activation of both kinases were suppressed by a protein kinase inhibitor K-
252a. The activated kinases were deactivated by the treatment of alkaline
phosphatase. These results suggest the presence of protein kinase cascades
transducing osmotic signals in Dunaliella cells. CDPK is one of candidates for the
upstream regulator of LAP kinase. In tobacco suspension culture cells,
hypoosmotic shock induced a transient increase in cytosolic Ca%*, and subsequent
activation of LAP kinase-like kinase.
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