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WEEABEAYE VDTNV HIMERRT 75— 0D
¢DNA 70 —= 7 LRE

ZEWBE, HKER, REBEETKES, ILREE, FHES

BEALERY ) VEREDSE R pH % 7.5-8.0 IR THRRZ 72— Fx B LE, TAHY
HRRT 72 =B 7YYV BORZIL>THEERSN, 13V BEICERTET D, TAhY
HRRT7 75 —CEVBIMRE T CHEBLEERENOH —RE VB E TR, RX
775 —EIL76 kDa DV 7 2=y b 2 Bk MB35, 3°-RACE e AT vy 7 CRBEL-R
A7 75 —ED cDNA 71—/(2293 bp) 1L 687 7/ BEE D725 ORF 22—RL T3, FL#
BT 658 73BRE (TR 70,570) DESTHB, /—F LRI T2 0) BSRRIET
BRUTZEREITNVAIERRT 75 —ERIZTF D 2,600 base DEEEMBPRBINDZLNH
BN TE,

F—U—R:oa—=7, FRRT7 75—, Porphyra yezoensis

7~ /VI& (Porphyra) IZAL GAEWIFT . ALEMRIC B T DBEDSHBIMEDO BB ThHD, 7T /VBIXTH 74 Y, &
PV REEENICEERVOPDOEEE L, AVEVVOARERITZ. ERALZIEROERBELBBRAL RO
FED2ODRIRDIHEBOUARBREILRNT D, LFE AVPE VU TR TLOBH AL LIEEEY DT
CVEHELTEBSNTE, 1)EBBED THEERID 2TV, 2) 2 KB >R#IZ A T3, 3)
EFEROTENEHMTHS (237 H), 4) RGBEEB VRN (3EK), T, MiRKORS D, BEHR, BHEE
#i, EST BT 28 IS T BB OMEEEBEDON TN, SHITHANHIFRT —< LU T ERR LAY
HERBITOND, AV E/VDOEROEBEITEERLE T TIEFLREAIMBEL, MEIOINVZROMIESEE
2B, ZOZLIIRERCH B R THE TIER P E PRI TNBILERER T D, BEELOH RSN —TIC
Lo TRIE VI RANCHETAMED B HAL TEY ., MY EMAEY O EBREMEIT TR LU TH KRG
v,

U IEME>TRLERNBRTRDO—DOThHB, VTBERLLLIHEY O X BERAFTHIBRERLR->TWVS,
HEAPDIRIL TEBY R EIIE uM LB TEWEDBEEDIIE ISV BRZIREBICHD, BEOITHEEE
MBZDIIREY BRI L TEDINTSEL ., BIELTVARENI RICRERE D, AP VR AVWTRE
BISHEBEOSTL~VTOMAL B, BEET, RERROBEISEEIIBEEY TV BITRLFIZEA

T729-0292 FRILTATAEET 1 B =B BILKFAEMm TERBFEEDLTER.
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EBLPIZEN TR, MIE TIEKRBE O Z R RS BREORBICEEL TV AZERMbR TV,
BEOTVETI., VU BISENE T CRABESNSKIBEO B A 5L A s TR ET LHRME TR
FHREBESN TV Y, S5, B/ Y, Th/ UL 9 vaf XX O T U BEORIIZ B A8 G TS EEkES
. BREDREIT BED LN TNB,

I TIE—RIZA VNI B A (POS) LOIPICIR AL ZE B TERW 0, B BLAWITT
DFEFTEIFRATAIIENTERN, FITHWENTZRRT 72— P Lo THE B B S h DB Bk i
BT AT L TUUBBHE BA RS EBILNTED, ZOZLITHEMT T TR BER O, Th U he O, K 9.
S IRV THYVBO R ZIZE>TRRT7 7 F— B BB EARENBILBHALCSN TS,

AR TV BISRE CHESRINAMBEATE VIHEDHRRAT 74 —BERIE L, EBIZT NV HIERRT
7H—E®D cDNA D/r—=27 L EDBIGF DREBEMBITIZ OV TIRAB,

KRk

R EM WAV TH D Porphyra yezoensis TU-1"¥k% EBbk & UCHEA Uiz, Porphyra yezoensis TU-1 KO
EREPOBHESNIC B FEIVETRICHEFESE, TNODO BRI FHLRFLIEE ATk (SEA LIFE,
<V TR T ESS, A MU A TRZER(CHEKEEHC 15°C, BBEE 36 pmol s m?, B &40 B
M ;14 B CEEORINBH 3 om I ETHERLEL, Z7UEaY 8 (92 uM) & e (+Pi) A A ASS, £2Y
oY EE S 20 (-Pi) AR ASS, 12 2 BOEREEENTHBL, 15C, BE 36 pmol s' m?, EASKHT
(10 B[ : 14 BRI T 1,.4.7, 10 BREELE,

AR ORE +Pi SRUEHIL-PI AREHT 10 BFEERL-EREO 29I 4 FEOFELBEEK (2%
CHAPS, 50 mM Tris-HCI, pH 7.5, 0.31 M 2-mercatoethanol, 8 mM PMSF)Z %, $Lek CHIRE R LT, BERELTZ
B AR ORE (18,800 X g, 30 43, 4°C)L., LB EHEERIKEL, -85°CTRTFELTZ,

BREHORE FAT77¥—BEEOREIZIX p-nitrophenyl phosphate (pNPP)ZZEE LU THV =, 4.5 mM
pNPP, 0.9 M Tris-HCI, pH 8, BERIRIEE & T RRNE 1 ml /U AR, 37C, 10 SREIRISEITV, BREAIIC 410
nm O NEZBIFE L, 38 pH OFEIIRK G 1 ml 9124 mM pNPP, 0.8 M 2 (pH 5.0-10.0), HEERIK%:
M. 37°C, 60 HRRIATo7 1.5 M NaOH & 1 ml FML. RISHELELH . 410 nm ORSEZRE UL,
NaCl i2 X B4 REDFEITK K 1 ml #1424 mM pNPP, 100 mM Tris-HC, pH 7.5, NaCl (0-2.0 M), #EEFR K
ZMA. 37°C, 60 FRRIGEIT o, RIGELEH. 410 nm ORSEELZRIEL,

FAAVERRT 72 —B O /Ul BE2EERVARiEH ASS2 T 10 B MIERLAEIRE(03 g)ic 4
15 &D 2% CTAB "I {LIEEK (2% CTAB, 50 mM Tris-HC), pH 7.5, 0.31 M 2-mercatoethanol, 0.1 mM PMSF)%
Mz, HLek TRIBARREUT:, R - RBIR AR U4 BE(18,800 X g, 30 &0f, 4C)L. LiEREMEERELL,
85 CTREFEL-, HHIREZMBRT - T=U L5 (30%-50%8aF0, .05 8k, 18,800 X g, 30 47/, 4C) L7,
50%8aFn 15 E 4y 2 SR (50 mM Tris-HCLpH 7.7, 0.3 M NaCl, 1 mM MgSO04) C¥#{k.L 7= TOYOPEARL
HW-55F Z VBB A5 L (1.5 cm X 92 cm) DF/VEEIZOHE, Fil 12 mlh THELUE, BREHEZECESZR
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S8 (MW:50,000) (Z&> T L IBAEL 7258 (50 mM Tris-HCI, pH 8, 0.3 M NaCl, 1 mM MgSO4)Z FEBUE & &
Utz, BHBBHEO S Y EOBBIUMEREIL 10% SDS-RYT2YLT IRV E K3k BI = (PAGE) AL
72

RNA flitH  +Pi GG HE-Pi S RLEEHIT 10 A FISERLEBRIE (1 92542 RNA % Apt b0 FEILi=dt-
TSI, £ RNA FARLEHD Oligotex-dT30 % FiV 72/ F ¥ T polyA'RNA #EHILT-,

PCR IZ &% cDNA OHEE -Pi &+Pi O-ERSEIHITEER LR A DR L-4 RNA # First strand cDNA &
OB UTc, FBART 75— B DN KD 8 7/ BBREITE SO TER L 23 mer D degenerate 75~ —
ZHVWT 3°-RACE {E%21T o7, MBS 7= DNA BT/ (2,100 bp) & TA 72—=27L. 5 DOMI L7523/
=V DRIV AFREFIRREL, B O TAHII X vy 7 Pick>T cDNA O SRIDID—=0 7 34T 57,
J=¥Fr7uybik £ RNA (1.2 pg)% 1%DT7 Hu—2 7 VERIKEIL, A7 (GeneScreen Plus, Perkin Elmer)
iZ7ayhL, 42°C, 18 7L NATVFAX (0.02% formamide, 5 X SSC, 50 mM Na-phosphate, pH 6.7, 1% SDS,
2% Blocking reagent)L7z %, a-**P-dCTP THEFKL7Z 1,985 bp ® DNA Fu—7 (HERE4237—+2220)% AT
42°C, 18 BEfiNAT VX L X (0.02% formamide, 5 X SSC, 50 mM Na-phosphate, pH 6.7, 1% SDS) L7z, A 7L %
10 X SSC, 0.1% SDS T=iR. 3 Bt LR A — VAT 77— %1707z,

HRBIVER

VU EBEAERIRE CREE S RSN ERIEDT VAR RT 75—
AP ) YDEBREHIZYREL TV Rl BO B ETRM T DIENLHRRT 74 —EDIERA TV Erl) B
CERY BRI IRESNAIENRTRENS, T TEREIVVBOHBIISEL CHEESRINDIER 774 —EN
FETDINEIPTAT, ATRBRIEAEH CHRELZEREE 7V B0 BORWE RS (-P)LsVERn
VoBERET (92 uM)B RS (+P)ICENRENBL, 10 B RAE% U7, & 2R A5 REEHH CHAPS 2510
IBER P THIIRE TR, BONTBHBIEROKRAT 72— B DEMEFEBEE D pNPP 2V T pH 5-10 DR
(0.8 MYTHRIELI, ZDORER, -Pi OEHITHEELZEEREOHMBIRPIZOZL pH 7.5 £HLICERE pH 26
DT NHIHERAT 72— PIEHEASIR IS, +Pi DEHICHERE LI BRI OB BIHIE T ITIZEA LR & 2D >
7= (Fig. 1), 7 —FITRER, A2 BRE 50 mM OB ERE AW 2HE . -Pi O THRELIEREOH T
WOHRRT 75— PEEERE TE b oln, T THRAT 77 —BIEMED NaCl DA EE DB OV TN,
1 M LL_ED NaCl FEFE F CHRT7 7 H—BHEERTTh—IZEL, 0 M O NaCl OEERTEMHL BT 2L 10 8N
Ui (Fig. 2), ZOTENBKRRT 7 —BTEMIL NaCl DAV BEIETET B LRGN o1, RITKAT 7
Z—EHRUBOHERICISE L CTHESREINDIDER T, -Pi L+Pi OFFBHTENEN 1, 4, 7. 10 AFEE
L, RERBEZHHBEEZFAML, pHT.S THEAT7 74— EBEHEZRELZER. Pi OFGETERT 7
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Fig. 1. Effect of pH on phosphatase activity in phosphate-starved thalli. Aliquots(10 pl) of
a crude extract from thalli grown for 10 days in a synthetic medium containing 92 PM(®, Fig. 2. Effect of ion strength on alkaline phosphatase activity in phosph ved tha
closed circle) or no(Q, open circle) glycerophosphate were assayed for phosphatase activity in Aliquots(5 pl) of a crude extract from thalli grown for 10 daysina syntheuc medmm thhm

p-nitrophenyl phosphate as a substrate and the indicated pH range(5-10) of 0.8 M buffer (O, open circle) ph were d for p activity prnitrophenyl phospl
solutions at 37°C. 100 mM Tris-Cl, pH 7. 5, and the mdncated concentraxnon(M) of NaCl at ¥z

M +Pi -Pi 1

50

+ < 76 kDa

Specific activity of ALP (nmolimin/mog)

Fig. 4. The alkaline phosphatase purified from phosphate-starved thalli in Porphyra
thalli. Aliquots(25 ) of a aude extract from thalli cultured for 1, 4, 7, and 10 daysina  yeensis. Crude extracts solubilized by CTAB buffer from thalli cultured for 14 days in a
synthetic medium containing 92 M@, dosed cirde) or no(O, open dircle) glycerophosphate  synthetic medium containing 92 pM(+Pi) or no(-Pi) glycerophosphate were applied on 10%
were assayed spectrophotometrically for phosphatase activity in 4.5 mM p-nitropheryl - SDS-polyacrylamide gel and stained with Coomassie Blue. The purified alkaline
phosphate, 900 mM TrisHCY, pH 7.5 at 37°C for 10 min The amounts of proteinin cell cude  Phosphatase(0.6 pg) was loaded on a 10% SDS-polyaarylamide gel(lane 1). Lane M
extracts were determined with bovine serumal bumin asa standard. contained standard proteins as molecular mass markers.

Z—PIEMHIIRROICERESN. 108 Faﬁt%iLf:ﬁ%fl&@ﬂw7yﬁ—f@t&iﬁi&i +Pi ITHA~THY 25 f5ITEL
7= (Fig. 3), LA EDFERPLY VBOHUERICISE L CTHEESRINDET NV AIERRT 74— B OEENHALINT /-

f'—
-0

Fig. 3. Phosphate-starvation-induced accumulation of alkaline phosphatase activity in

TNVAVHERAT 78— O¥EH
U BEARR B TR E SR ESNAHRRT 74— EDRRETolz, 7V R BEETRVERIEHI TR 3 cm DEE
WiEZ 10 B SR L, BRIKCEENDIFRRT 77— ELSDZ U R_IERHEDFIELEN2VESIZ 2% CTAB
TR EIR TR TR LR Do BEL R HIRE U7, R EREET L E =7 L (30%-50%837F0)
THELER, KESOBRL L RIBEITRET E=0 AILEESITHEEL, 50%8af0 EIEEFICKE S OR

4o



HRAT77Z#—FPDDNA Z7a—=27

A7 7F—EEEBEIREN T, 50%8aFn BB 527 VBB AT bsa~vbs57 4— (TOYOPEARL HW-55F)
SyHE - ERE T o7, RRT 7 X —PIEMA S L ES R R EBIEIC L > TR DBRE LT, BRI hR 7 77— PR
fh% SDS-PAGE TEATLIZHER. FRT7 74— EBRIUEB)—pF L OB ETHENTAZLNTE FRAT7 74 —Pid
57 F B 76 kDaDRYRFFRNTHIZLNHALINI R -7 (Fig. 4), FNVIRBIEIZ > TRRIFAR 7 74— D45 F &
ZHETE T DL 160 kDa VI {EDED4L, SDS-PAGE THELHFRLHBRTIERRT 74 —PIii —BEEHRLT
WBZERBBMCR ST, |

TNVHVHEERAT 74 —EBHa—N32 cDNA 70— B

7V En ) BEEERVEREHIT 10 B RERLI-ERENLEBL /-2 RNA % 3-RACE 7¥ 7% —75(~
—%F\T first strand cDNA 2 AT 572D DR LU TRV, BRILIZTNVHIMRR 7 75— D N KD B
Mo 9 BREDOT/BEEEFIL LQKPERHFG ThoTz, 2-9 F B OTI/BE SN E -5V T 23 mer D degenerate 75
A~v—%& &K LTz, 20D degenerate 77 A< —& first strand cDNA % VT 3°-RACE #1772, %3 2,100 bp @ PCR
Wi ARSI, RERIL 7ot . 7 TAIN R F—(TEFRE LT, 20 DNA BT R 13201 BB 252,293 BEDXILA4F
RFEAS—L, RY(A)ESNZbOZ LR TE, o, BRLESINERELIRRT7 74 —E D 9 BEOTI /B
BHILREIL—BLIEZEND TANIMRRT 77 —E%a—RT5 cDNA Ju—O—fE BI85 T,
BFRBEBaN Yy BECY 7 FABRIIIBRH TV T5 vy 7EEZAWVT cDNA @ SEKBERELE,
3"-RACE £V % vy T ETENE NGO cDNA Wi i O EE S 2 2R ELHE R % Fig. 6 IIRT,
B L7z 290 bp @ 5 KIROWT F PICIXBASE ATG IRV EHEE LDV T FARTFREREEN TV (Fig. 6), 522
£ cDNA i3 2,293 bp 235720, 5K IRFEIKIC 3 EATD ATG MBHFEELTERY, B 3 BB D ATG =RV EAIOEE
BB Kozak iz Lo TRIES NIRRT N D= 24 RBIF 5'<(A/G)XXAUGG-3 £ —BL e ZEhb i 2
F5 107 D ATG 2R BERFRBALA R THILRE LTz, ZD cDNA ITEEE S 107 F H D ATG =R 35 2,168
FZB D TAA IRV THRIET? 687 TI/BERE (53 F 8 73,203) D open reading frame (ORF)Z=—RL TV iz,

T FNFRRY——SignalP (X ABEZREYD WY T T VEFIOFENLT I BREEE 29 (Ala)k 30 (Lew)
DRI ST T HZEA MRS I ', RIELIZN KO T L/ BEF (9 R EE) 55 76 kDa DT /LAY
277 B —BIIBRAMET I NS 29 BEDY 7T VEFIBEIEINDZ L dibh T, LLizdih cDNA EEF
PO FRENARBE D5 F B (70,570) LRERT NV HIMFRRAT7 74— (76 kDa)D53 FREDMIZKERERN
OO, ZOZEIIHETE LD N-7Vasb—ar QAN 4 BRRFETIIENLRAT 74— ISR
LTWAZEWTREND, T —FITRERWN, 687 7T /BEEN DD ORF OEKET 07 4— N6 N KD
BRI O 7 T VEFIDTEIEN, —F C RIROBK IR LMIABED 7 o 7 — N A DFERTRSH
FeZEMBRRT 74— IR L UMDV T IADE I GPl 7o A —TRETHLDLFRIND, HY
(A) LD 3 FEa—FEBRPITRY (AN 7TV 5°-AATAA-3IZFETEL 2o T,
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GTGCTGCCCGCTGAGTTGTCAGCTGCCCCCCCCGCTGGCAGTGTGTATCTCCATGCGCTCCCCCTTCCCCCCGCCCCGTACCACTACGCC 90

GGCCATGTCGGTCACCEEEbGGCCTGTCTGCCGCGGCCTGGTTGCCGCCGCCGCCGTCGCCTTCGCTGTCAITGTGGCCGCCGCGGTTGC 180
M G PV CRGIL VAW AA-AAVAFAUV I VA AAUVA 25

GCCAGCGTTGGCGTTGCAAAAGCCCGAGCGCCACTTTGGGTGCCCCCTCGGARAGAATGTGTGCATCTACCCTGTCGACACGGTGGCGCT 270
P A L Af‘L Q K P E R HFGCU&PULGI KNV CTIY?PVDTUVATL 55

GCAGTGCGAGTCGCTCTTTGACTTTCAGGTCGAACTACACGTGCTAGCCAATCAGTCTGTGGCCACACCCGTCACGAAGGAGCTGGCCAT 360
Q C E S L FDVF QVETLHVULANLOQ SV ATU?PUVTI KTETLATI 85

CACCCTCACGCTGCCGTCTGGGAAGGCCATCACTCCCGCCARGCTCTGGGGGGGCACCCCCGAGTACCGCACGTGGTCACTGCAGGCGTT 450
T L T L P S G KA I TUPAI KU LWGSOGTUPEYRTWSULQATF 115

TAAGGACATGTCGGATGAGAACCCGACGGGCTATGACGCTTATGCAGCGACGTGGCGCAACGTGTTCGTGCCTCGGGCGGCAGGCAAGGG 540
K b Ms DENUPTGY DAY AATWIRNUVFV PRA AR RASGIKG 145

CTCTTTCACCGTCCGTGTGCATGCGCGGGGGGTGACCACGACGGTGGCGTACGACATCCGCGAGCCARCGCGACGACAAGCCAAGAACGT 630
§$ FTVRVHARGVTTTUVAYDTIW REUTPTIRRIQ®AIZ KNUW 175

GGTCCTGTTGATTGGGGACGGCATGAGCCTCCCGCTGATGACGGCGGCGCGACTGGTGTCCCGCGGTATGTACCAGGGARARTACRAGGA 720
vi.iLI1IGDGMSLPLMTA AARTILVSURGMY QG K Y KD 205

CACGCTTCATATGCAGGCTCTTGACCACGTGGCTCTCATGTCGACGAGTGGCATTGACTCGATCATCACCGACTCTGCCARTAGCGCCAG 810
T L HM QAL DHVALMSTSGIDSTITITDSANSAS 235

*

TACTTTTATGACCGGCCACAAGTCATCGGTCAGTGCGCTGGGGGTCTACGCCGACAGCGGGGACGATGTTTTTGCCCACCCGAAGCAGGA 900
T FMTGHK S S VS AL GV Y A DS GDUDV FAUHUZPIKQ E 265

GCTGATCACAGAGTATGTTAAGAAGCGGATGGGCATGAGCGTCGGCGTCGTCACGACTGCCGAGGTGCAAGATGCCACCCCCGCGTCTGC 990
L I T E Y V KK RMGMSV GV V TTAEV QDATPA S A 295

GTGGGCGCATGTGCGGCAGCGGGCGGAGAAGGCGGCCATCACAGCGCAGGCCATCAACGGGTGCCTCAARCTGCGTGAAGGCCGTGGTGCC 1080
W A HV ROQURAEI KA AATITA AOQATIN NG CLNTCVI KA AWV VP 325

GGACGTGCTGATGGGTGGCGGCGGCATGTTCTTCCTCCCCAACAACTCGGTCGATGGCAGCAATATGTACGAAAACTACACTACCBAGGG 1170
D VL MGG GGMT FUFULUPNNSVDGSNMYENYTT KG 355

CTACACGGTGACGCACACCAAGGACCAGATGATAGCGGCGGCCAAGGACCCGGCAACCAAGAGATTGCTCA CCATCACACACGCGGCARA 1260
Yy T v T HT XKD QMTIAAATIKUDUPATI KH RTELULTTITUHAAN 385

CATGGAGGTTTGGCTGGACCGTAATAGGTACAAGGACAACATGGACGTTCCGGAGAACGACCCATTGGGCGGTGGCGTTGCGCCAACGGA 1350
M E VW L DU RNU RYXKDNMT DV PENDUZPULGS GGV A P TE 415

GCAGCCCAACCTGGACGAGATGACGATGGCTGCCATTGACGTGCTGTCTCGARATGACGAGGGCTTCTTCTTACTGGTGGAGGCGGCAAG 1440
Q P N L P EMTMAATIDVL SR RNDESGTFT FULULVEAA-A S 445

CATTGACAAGAGCGCCCACCCCCTGGATATACCGCGAGCGCTTAGCGACCTGTTGGAGCTTGATAARCACTGTGGCCAAGGTGATCGCGTG 1530
I DK S AUHU®P LD I PRALSDILLETLUDNTVAI KUVTIA AW 475

GGCCACGGCCCACGGCGACAACACGCTGGTGATGGCGACGGCTGACCACGCCCACGGTTTTGACGTGTTTGGCACCGTCGACACCCATCT 1620
A T A HGDNTULVMATA ATDU HAUHEHGT FDVF G TV DTHTL 505

GTGGGGCGACGCCGTGGCCGCCTCCCCGTCCAAGCCCGTGCGCGACCAGGACARCTACTGTGCGGCGGTGACAGACAACGAGGGCAGGGA 1710
W G DAV AASP S K?PVRDOQDNYCAA AV TDNEGRE 535

GTTTCCGTCTTCCTTTGCGGCCGGCAACACGAGCGCCCGGGCGGCCARTGTGGCGCGCCGCGGCGCGATTGGCACCTATGCTAAGGCGGG 1800
F P S S FA A G NT S ARAARANVARI RGATIGTYAI KA AG 565

TTACCCCGACTATGCCGACTCCGACGGCGACGGCTTCCCCGACACGTGGGACGTGCGCACGACGCTCGCATCGGGGATGAACAACTTTCC 1890
Y P DY ADSDGDGFPDTWDVRTTILASGM--NNTFP 585

CGACCACACCACCAGCTACACCGTGTCGAGGTCGCTCAAGGTGCCCGCCACCGCCGTTGACGAGGTGTTTGTCAATACGGACGACGACGA 1980
D HT TS YTV SR SL KV PATAVDEVFVNTUDDTDTD 625

CCCCAACGGGCTCTTCCAGTCTGGTAATCTGCCGCCGTCCGGCTCCACAGGCGTTCACACGCTGCAGGATG TGGGCGTCTTCGCGTCGGG 2070
P NGLF QS GNULU®PZPSGS TGV HTULOQDUVGV FASG 655

GCCGGGCTCGGAGCGGGTGCGCGGCATTCTCGACARACACGGCCGTGTACCACATTATGGCGAGTGCCCTGGGCTTGGGCATGGACGGGGA 2160
P G S ERVRGTITULDNTAVYHTIMASA ALTGULGMDGE 685

GGATCGGGAGGGI-\CGACAACGGGAGTGGGGAAGGGGGGGAGGGGCGCGCTTTGCTGTGGGGGCCGGCTGGGAGCTCGCGGCAGGTT 2250
D R 687

ﬂGTCTCCGTGACTTTTAACTCGGTTCAAAAAAAAAAAAAAAAAA 2293

Fig. 5. Nucleotide and deduced amino acid sequences from a cDNA encoding the alkaline phosphatase from Porpyra yezoensis. The potential
signal peptide cleavage site is shown by an arrow. The amino acid of alkaline phosphatase obtained by automated Edman degradation are double-
underlined. The potential initiation codon and stop codons for translation are boxed. The double-overlined bases indicate the putative ribosome-
binding sequence The underlines indicate the potential N-glycosylation sites. The Ser residue at aa position 230 that is indicated by asterisk is
considered to be the enzymatic active site for phosphate transfer.
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ALP relative ratio 1 AR
Actin relative ratio I 0.80

Fig. 7. Northern blot analysis of the expression of the alkaline phosphatase gene. Total

RNA(1.2 pg) from thalli grown with a synthetic medium containing 92 pM(+) or no(-) s .

glycerophosphate for 10 days was hybridized with P-labeled DNA probe (nucleotides ALP Actin ! 288
position 237-2221) from cDNA. The blot was exposed to X-ray film in the presence of
intensifying screen for 3 days. RNA size standards are indicated on the left.

FASTA DIRFRDFER. 687 7 X ) BBBREN LR DHEET X / BEEFIIX Neurospora crassa (36%), Scizophyllum
commue (35%), Bos Taurus (31%), Escherichia coli 34%)DT NI YMRR 7 7 ¥ —FP L 2 BhAELHERME
%R LT, BICBEROEEF OBRESHTOAKRBEDT VAR RT 74 —E 07 L/BEF| DL LBARNT
DBAFE VDT NVHVERRT 72— OFEMHEPLIL 230 BB ORIVERETHBHLEESND (Fig. 6).

TAAIERAT 75— C IR F DR T STARNT

TVenl RS a g (P)LT VY B E S ERVE RS (-P)T 10 BRESEELZERENHOFEL
L7z2 RNA % DNA 7u—7 (EEEF+237-22D)ENATVF AP —Lar ®fTol R, -Pi OFBETTD
Z 1 RDK] 2,600 base D mRNA #HEH L= (Fig. 7)o 200 mRNA DO RES|IBBEL . M ERFIZRELZ cDNA 7
o—2{EEH /=L TV B, cDNA & mRNA DO KEXDEVIIEHH 300 base D polyA BFHML TV BTz L
ZX b5, FTc, Real time PCR IEEZAWTHTLIER, VMR ZILLoTT VAIMERRT 75— PBETF Ox
BEEMHH 28.8 &, FEAREINDHIENHLNLRoT (Table 1),

BB DDA FE )VDTNVHIERRAT 78— CRIGFOEEED R BORZITSEL THEINLZEN
ABMEIRo T, ZHULAYE JUDT A HIMERRT 74— B BEFHBEFL SNV THIESh TWAILETRT, KB
i 9% Neurospora crassa " CIXEDHIHERFREEL T, TAHIMRRT 77— PR EFORBRAGLETL
WVTIT TWABZERHALNI Ao TS, —F, TNV TNEILES In vitro DI YA XFXF MDY
BERT L AR —F — BB TR DHIEE 2T TOBIERTREN TS B, 5% fLHAHE)IDT N HYEHRRT
7 —CREFBEDIIR LB TRERDINIONEKIGTNDD, 7oE—F—OBELKELRIT T3
AT LERBICHETIILNRETHD,

SE, Bk BRERUIAHE Y EROY BIE CHESRINETAWIERT 75— BILRETF TE0Y—
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NELTHEIA A ThD, SBEEELLE_IF—RRERSNIIET VAR R T 74— Pl E T IR R
93 K OIS MR TR LR — X — BB T L CRIA T B LT 5, 153k, EELDOBEFRIF 0SS
RS AR T IE LIS I ~ DB MBI 52 LR B LI,
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Cloning and expression of alkaline phosphatase

in the red algae Porphyra yezoensis
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We have found phosphatase giving a pH optimum between 7.5 and 8.0 in the red algae Porphyra
yezoensis thalli. The alkaline phosphatase is synthesized in response to glycerophosphate starvation
and is ion strength-dependent. The phosphatase has been purified to homogeneity from
glycerophosphate-starved thalli. The phosphatase is comprised of two sublinits, each having an
apparent molecular mass of 76 kDa by SDS-polyacrylamide gel electrophoresis. A cDNA clone of
the alkaline phosphatase has been isolated by a combination of 3’ rapid amplification of cDNA ends
and oligo-capping method from thalli grown under glycerophosphate-deficient conditions. The
c¢DNA contained a 2,293 bp open reading frame encoding 29 residues for signal peptide and 658
residues for the mature form of phosphatase. Northern blot analysis revealed that a single 2,600 base

transcript is expressed only in total RNA from glycerophosphate-starved thalli.
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