25

12 14 3

Bh Rk & 0025
[ ABEICIT B L R D AT & RO

PIRBIEE B B IR EWRRER)
LFERTE  BA B GLEAE EMRER)
INE L (BLBE RS A R R

FBEBEIIN T MEYFICET 2 I TH 0, MEREIC RIS T AR ERS LTS
HE (QvaUR) EXENs#EmEfELTHY, BN 4R EFABCERN T4 X
(HE) OB BEATEEE THH B, IO IEEEII SRR CARER 7))
—AEERETBRE, HERREERICH UAEATENED. —F, BRGERTE, MEED
TN =L L BHROBEBEAR D, TREl (red tide) 1L THE(white water) SIFIXINL 2 H#E
Ne 0, DEEEN S, AEEOEESHICET MRS TS, Y757 v T
N—AE, ERER, EEREN DHRIEENICRET 30, TORRIMERTHTSS. &
S, Bk, MAEEOEREICEL O OWEATHS I EERVEL, Thefic BRRICBIT 26
EOMBTROUSOWEI LI & VB T 5 > 7 b 2 7 ) — L OFelk & M OMRETAYTD
NDTEEEERE Uz, AL, ©1 > OMBAEBREIESRITT 5 2 Sic ko THEEOH

JEEERTELTOEL COBREIEETT 5 2 LE2EMNE U,

AR L DA DT L > ORINB X BN 2, 1 REREBOHAZIC *Se-
Bzl V%32 M ENLz. 0 EE, MEPICIRDIAENZ "Se BENEHED X O
B BEE ORI R BIE U Tz, TORE, L RIS 24 BERTTHRIN L 722 L B D 80%,
48 BRI E I8 90% D L > ANMIRIC RN E N, Bk DEREI Nz, 48 IERIC R 2 850F
DL EEL 04 M TH D, TOROHEREN S, Mt BEEse uMIEL, M
AL 3000 FACE L VR ER L. 51T, MaBOtL PROABFHEEFH DD, %=
BELT, "Se TNIVOHEEL VBEE, 009, 04, 10, 20 BXT40 pMEAT, TORR,
THOBETHATEREIIE <, BEAFNREERBONIN o7z, —F, MlA~OEZL
DB ABTEEEEFCEA L, I 5 ORI, MREEICHEST DU oL 225
JERICIRVDIAERN, BETAIEERLTHBY, ZOEENEL VERORREEZ 512,

KiT, PSe-Et L EEESTMEHI TSR Ux E huxleyi D )27 BITDWT SDS-PAGE &
Foll?, "Selcd V< S L ENBHTFER2 kDa DY VT EMEHE N, 0¥
SNTBOYEL A T TS B ETHET 570, PSeF S5 TV T N)URHIEERR Uiz, £
SISTBDEL A F I EIEMDE VNI BTN THSNCEN 0=l En G, L ERE
HicEtt L ) T 0T > Th BT ERTHA L. BIL, TOF N\ VEOHFRIEEBTOTZ
%, "Se-TILEHBEEL, B A USHRBIUY)VERY OY RS T 4 — SDS-PAGE IZ&
D, YUt /) TO5A( > OSBRI LTz,
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25
B Rk E 5 0025 '
MARICBIT 2 L U BEREOMIT & 25 H5E O Hl#H

Bipkised - B B REKRTE £URER)
EEPEE AR BT FERE EDFRER)
INE L GRRRFEREREMRERZR)

1L UrFEER .

FAEBEN Y MEYFICE T SIS CTH D, MR RIS A EERS TS
ME (QvalvR) EXFNABENEREL TN, AEEOMEERIIEATEED—) >
TUETIIFEBRER TN — L EBRT 5128, FHNT A< X EFRICERNS 32 (BE) ©
ERREEETHDIEND, HERRERIONT 2 AEREENS 5, —F, HARECBN
TR, ESZORITO, MEED T —ACX DEKDOEBEIMEID, 78 (ed tide)
Wkt U T ERf(white water) SIFISIN I BEEE RITT L OBEND B, Lo, T
MED 5, B HAEOSRHEICET 2RO 5NTns, UL, MG
ENEETHD, TOEBAENEFRISTN. COXSBRROET, BIF X, M
BEQHIBICE L > DERIRATSH S Z LRV L, THERICERRICBT 3 BEOHE
TERDEHECWELILIC X VIBEBY T 5 > 7 b > T )L — A DR L M ORI T DS A
PR LT, WIS 20 2T = A03, BIRENTH DDA 5T, BRI DRI
RERICRAET . AAEIT, BEMETROEKTREDE =y —Ick 27— LAREDTFH
PREEBETEOMIEIC L 2FEBY 75 > 7 N > OEEREI ORI B2 5D & L THE
xhs, ,

MAEFEIEL TR, BEFOTL VBED FENHEET L —ARED N ) H—E 33
fEtEbEZ bND, LNLANS, 7L OMIAIC B3 A EIUs IR TH D,
FOEREQEBEZEBIMITHOEETH S, £, HEETE, BMcBIsEELREL >
BRTHDINE FA L ANAFL S —PEDSRIE SN T &M 5, EL VEREORES
TOEBFHRENCONTRE FHAOREBICS 3. EROXS 1T, €1 2 IZAEEOHEEE
VROV BETFEEZSNDED, Tl OEIEE, BIOTOLTEEEORRE, Ml
EESHCERES, VEEEN, HERIEN, ROBEYCEERERERED, TIT, 6
ETE, H FEEDREKIE Emiliania huwdeyi, BELOBERDRETT T 0 TH 7 Y58 (E8) %
5| &/ ZF Gephyrocapsa oceanica \CBV 2 L > OBEHEBICEE T2 HROERBETO L&D ‘@Z,
L VEREORE, RUTOEBBERZHLMIL, £ SEREHEOEEEE 5 MNIT S
TEFEMELRE, £, APRISERICIZEEIC BT BT L > OEE ST & FEIFRE DBER
74— R7—ZEELTASNIL, BEREOTEBIUBSECORIFEZEZBHEL

1Zs
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2. A
2.1 HAamELEE : :

MG Emiliania huxdeyi V3 ESM 5% FVy, 70 pmol m™s” (BT T 16 HrfEAH 8 Kifi
REHI O LIRBE T CESEE L -, ERAMIT, ATH#K Marne Art SF (FFHFEEE, X)) %=
NR—Z & LT ESM FRimsic X 0 st 2ot Uiz, MR ol s hziiiie= 008, ©
DOURE% 1 g liter” (8.3 mM) Tris 28I L 72 A T#E/K Marine Art SF (pH 8.2) I L, 3 HFOHE
BB S A RIB R ETe, TOE, 10 ml OEMA S LEE (¥ 777, Ba) I 1ml
DRI 2 N2 L DENEE T TRERREITo . iER 25T, YEREZ 70-100
pmole m? sec? & U, 16 WERIBARYS Bfme 2 B 52 7. A HEEITBEE (ODy) , BX
DRI 2L Ok Tz, 728, Emiliania huxdeyi IR T THEFT TE, REERFICHNT
27O ETEETHRENSET LD DE0D, FHIRRE CLRHIER) M0 TEEOERTERE
HES, BREEORENENERCIEETHS (BHE, £KD . —FH, BV IREERTS
WV, Emiliania huxleyi % 500 ml 2507 5 2 SIS RA C, MEA 5B ERAN ORE 105
umolem?sec’) TV, 2852 100 mlmin® OEETNTY > J T2 EICLDEEL .

22 L2 ORINB I ORI EEEEORIE

B O L S IRE R E B & ORFEHRE D K O FRAORIGRE & iR 2 JIE U
7. HEBEEVIAAEE, WBE (OD750) BXO OO7 4 )VE X DEIE L. MK DEDA
FNB T L BEEETET VO L B (PSe0;”) & FIWTHIE Uz, SEREEICHB T "Se0;”
BhHx, —EHRBICHREZREL, TV T70— (RURY) AW THlREL) & EHES
BHBEL, &2 OEMCBITDHEAEEZRIEL, BIBICHES "Se ONIENERE &IN5 D
BRERZIE L.

23 78ef*S ¥ TIVTNIAEDRFE

BSe TRRMICT AN ENZET NV EERCHTRD, Se D7 OV THD S (S 0F) &
RS 52 THERNWEE TV, PSe DH, "Se BLU¥S OWA, BLU S OHTT
NI ENTE L DYERRHTT 5 57E%, BAS5000 &V THRRE L7z,

24 VL EEYNTEOY Ty NORE

BSeS BT TR LI DMAIR O ESIKEI 21T, BAS5000 4 A=V T T L—h
VRIS UFA LI TTACED, KEREEEREDS VT EDNY RERH L7z, PSS
THTN T ENTNY RICDNTH, B DBRE L "Se BIMRHEERVTEL V&HS
SRTBERETHEEDIS, TOY NI EDHTEEREE L. ZOTNIVEEZE, BRIC
BIBY—A—ELTHAL, KEOEMRSEOY > TIVEREL, L 88T VNI EESE

MU,
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2.5 BV IEEYIINTBEORER

U EEY N BEOEESEK I O NI ST 4 —, AF B a NS T 40—, 7
TAZT A= O NI 5T 4 —ROT I A EEEEEMEAEDYE, 77T T7HO FPLC K&
X SMART VAT LZEAWE, FENTHEEY DN ERBZRNT, EEICED Se-F~YL &
CINTEON KT 2 BEHIETE L,

3. fER
3.1 "Sef’S-F T I T )RR OfENTIED B
311 EHROFE SR

T U SORBECS) EFBEDILETH O, WEILEIEBEIERIL Thd, FD7=DEERA
TEEY NI EHDIZATA VBROAF A OMEEBHR L TEL ) VA5 B0
JAFFZELTHET S P BASNEEL COEERNTOEEIFREO T EELLTH
D, HEBRINBHENE,

T T r B TS S "Se (E:0.136MeV (58.3%), 0.265MeV(58.5%), 0.280MeV/(24.8%),
0.401MeV(11.4%)) & BRI TH D PS (Bpe0.16MeV) 12X 2 TV 5 YVERZT1 A
=V TTl—h (P) L TOWEHEDSBEERFE LIz, &ET e BROWEBERST &M
BOZZFAL, #Els P OMICEL/RIERM ERATENRERTD & TrHosEmHL, &
MM 2y b LRWESITRE SN S B ROy BIEREIC X 2 ) VB O BB D L 5,
B& DIZFETT NIV SNMEERET 2 HIETHS (Fig. 1) .

SBIBEF L7 HEOBIKIILIF O & B0 TH 5. . |

(1) S (BB , BR "Se (v #BUHERE) OIS EERE, Hizld—E ORRIIE
BEFETEHZ D5, R TNV ENZEFEHB L OMH L2y 2N 8% SDS-RU 7 Z7 U)LY R RE
KPKE (PAGE) THEER, ThHDYUNIEETUY T4 P BICEREL, EEwETS, £
DIRZEHBE U TIDN—Y)VEIUR BYD P ITa L& 7 R &R, BEELIES (PSe BLUTS
£V ROBH) .

@) FUHELE P ORI B R ZEFERITIER 2 VI 2 5tk b, BOBEELE®2 (PSe-
SRIVNY ROBRER) o BBYES VR MR L A B Bl 7a it 2980 5 EBE (T
TeAER, FIF—bT4) (BE 25 um, BE 23 mg/em?, 7AM, B NRETHD &
ERVHILE. T35 T4 )V ARHIBBERISFEE LI WO TR 2 <, WEEED
BV ERSIERER LIz EEZ BN D, _

(3) &&DIP % BAS-5000 ZHNTEL DRI RIF 4 TN RERHL, &4 D PSL EEH
ET B,

P BHEGZEZERGDOR SR EDT—F BT ET S, U EOBECL DT TIVS )VYE %
FVFS PLVSe DE Rl TN)VEEHRIET 5,
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312 PSefS-F TN GNINEIC LBV VEEY LN BORE

T LN T LB TRV LN BEORRET Oz, Nay*Se0, DHRESDEHIT
B3 U7 AR &, SS-AF AT /L ATA S (S-MetiCys, Pro-mix LL*S] in vitro cell labeling mix,
Amersham-Pharmacia) 777 7)) D A2 & L5k TR UMD E NS DWW THIfEN S H
BRI L0 Y NV BEH L, MiEHHEE Uz, SRS L T SDS-PAGE 2T\, F)b
BEIRIS, TSe ZEDEEHT 15 B, ¥S 25 ORENT 20 K, S4ERMESRETICEN L

(Fig. 2) » ¥ 2 )\7EH#EH] (CBB) KIXDEHENDZNFDSB PSe TIN)VSNIN R

13289 BLN254kDa DR TH D (Fig 24) , ¥S TN)VF T EREEIRE SN2 289 B
KON 254kDa ¥ R BD T IVNIMAE RTINS D TH>7 (Fig. 2B) « Z41XD, ZD 289
B 254kDa OF NTER, KT "Se Ko TINVENEL ) TO5+( 2 Th o LHE
L7z,

WKIZ, Na,"SeO, BEL U ®S-Met/Cys D7 & & OEEH T2 L -MIfZIC D W TR OB DA AR
BBIOY TN IR KB 2T o/, £, "Se H LIS ikKks 7TV
N RBIOTSeS 775~ VN RERHT 5 7o DIl 2 91T 20 BRI (S
L —>, Fig 3A) o KIZ, BRROEEERDZDOIT IF— T 4 )V LNEEET )L & P ORICH
B, 40 BRI L. Se L—>, Fig 3A) . COEE, B0 ¥S F~VEEHER L CRBRCTE
L, ¥S D REIRHEINRNT EZHENDTZ, PSL MENTHER% Fig. 3B IURT . "Se DAZMRH L
7 L FTHRL SAYLEND 2 FE 289 PXUN25.4kDa) DY 2 )SVE (PSe, Fig.3B) I, ¥S & 7Se
ZRIFFCRE U758 (S, Fig 3B) ITHAR, oy 7B DEN LN TSN TR,
L OMDABHIERNZDDOTH SR 5IEMDT VRVEITH PSe DINIVR 55
PHOT, 2h5 2 BOY NI BEADOEL COmDABNEL VIRENTH D Z EOWERS
Nz,

32 HAEICEZ L ORI SAMENER

A LB HIARNADE L VI DWW TR S /29, L U REREOMEIC “Se-HEt L
SEEE 32 oM B L7z, D EE, HIEPICER DA £ "Se HENEIER XOBEHIPICEEFT D
BEHEEORIEZEZRE L (Fig 4) . TOMRE, 1 RN 24 BRI TRIML 22V 2 BD
80%, 48 KEHIE ITI3K) 90% Dt L U HaIIIC N E 1, Fhk DERES Nz, 48 IFRIHRICHIT 2
EEWEPOT L VEEZ 040M THY, TOROMIEENS, Midse uM Ot L I IVFE
TBZEMHEEEIN, HAEEINI 3000 FICEL O EEELEEEZ BND,

MAEOY L VB AREEER S0, EHhotl JBEL2EMSYE, AGEOEF
LRI A OB D ABIEREETINz, EEEL T, "Se Z)VOHE L B, 0.09, 04, 1.0,
20BLN40 UM EZT=, TOREE, 0.00uM IZBWWT 25 FFLIEDEBTHEMENTEF L7z
DML, WENOREE THAFTRECALEIRDIN o/ (Fig. 5A) « —74, #Mlai~otl
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OO RAIIE AT REGEFH TIIRERFHTH o (Fig. 5B) » INHORERIT, MAEHsE
WWREET DU LD L OHEAICERDIAEN, FET DI EERLTHY, Fig 4 ORREZR
{XFFTHHDTH 2,

4. B
41 TV OMGEOEEICHT SZBLBNSN2 L O#ER

MAEDEERICE T A5 E LT, BRWEKD D WIATHEKICMEERELTESM 3 LS
K IS ERmm L 72 b ONET 5 Z E2BICRWHLTWS 209, b oMEERICLS
BENTRNENES, HARUKICBWTY Emiliania huxleyi DETIIFRERSNEN S0, T
IR R BT SHRENEEICB I S BEBEL VBN EITERT S EEX 605, 7=
72U, BRUEKDOEFE, ESM IO TIIZARINA 2R & LEHHIR Z 2 2 0 Ed7a <,
KT OV RETTHDThole. £z, BRMKIZRATATLEEK (Maine At SF, FFHHER)
ERAWEE, ESM ORI, 10nM &L O TRETES ZEE2HLENERTNS, M
FEIFIETERMEERE L TIE Se0 (M4l BLUNSe0, (H44H) THY, SeOZ (+6 i)
TIHFRICZIRZESDIT 100 FREEOFRBEENELE Lz, OBl OEEBOERVNICE 2%
BRI, Gephyrocapsa oceanica BX X Helladosphaera sp. %, #EOHEERICRWTHIFIFRKEICR
57z 2, L URZEHETICBWTL, MAEOEFENTEIELET S ENS, ELIIHA
BEOABTIONWAETHA2HD RO HANS,

BARMEKEHIC RN TE L > DEFIANE TIRWEHIE, #KFITIE Se0,” BEWX Se0F &L
TO1 wgliter' (1270M) FFET A I EICKBEEZHNS Y Y COEEIFGEDETICH
THEERED 1/10 TH DR, ZORETOMNEEDAFTREIIEMBEICBI 2210 90 %2
EDAEEZGADRETH D, ESM KEFENSWEERT, RBIVUY T OB REKF O
BERITENTN2 ug liter' K100.02-0.1 ug liter' LIEFITESL ?, AFOHPRER & 725 THD,
BIZTERDENIIROEFT Z(EET S % Lo T, BECRT2HaB0EEN L XD
EDRERRENTWDINIAATH 20, MEOHEMEBREICBNWTHIBLAWLRESEZ SN,
REPORELHNENE WAL T HEYDEFTICRE SEETIAREITRENEE I 5 NS,
TLAIEV ) AFFZ RV )V ATA Ewo LV UERET S BEEUERIIBNT
WETH D, TN FF o INFTF T =PItV VBRELTRAS TS, UL,
a3 Emiliania huxleyi D27 )V5 FF 2 ~)VvAF 2 F—FHEITIERICERWMETH D, +9H734H
HHEEEE R T 2 DDONFATH S, Lo T, HARIBITE L > OEBENEEHEDLRE
HEREIC BT AR ORI I NS, : '

42 EEICBITA L OEEEE
e EREMOETICIIRFRSEEZIRE, TOEFICE L AR RRIRNT E0—RIZH 5

ntnws, —%4, BERICBE L OERERICTDWTIIFRAND/RL, FEHEDRRZN,
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KB BTy, EREBIVADBRRNEREOEENMOLKN S, L > ORENE
BT BERBATE, TbBEEOMEICERICBEL T3 ZEARENTIS % S5,
WREEEE Gymnodinium nagasakiense |2 & DIREIOFEWPRIC BT 2L A BE, BRI 0
07 ¢ VEOBRESTHOEHINE, Tl > OBBOTREFEICAE <BEET 5 I AR
L0 Y EEOBREEENCET 5L OFSEB I OMEENR RREN TV S, K, A
THHE AW BNT, BRIt VRTS8 Ick D, ¥ Fuous spiralis, FLEE
Goniotrichum alsidii, N7 ¥ Chrysochromudina spp;, 753 ) ¥ Platymonas subcordiformis, e
Dundliella primolecta 33 X UEESE Thalassiosira pseudonana DYEFEFELLZAMEN VR ST, HEEESHR
OEBERICE L VD BERRIEE R L TWB ZEhbRanE? . ‘

MEEQEMICIT, 5k FEEOMEBTEEZ ST 50, HERIIHEIERMENTE
7o COTHEMHEERINE TICHGEEERET 5 &, BIETRD bNaho7z, JOR, Bl
LB R RN % SRR S ERENEAE L7 As, RSSO & TIIMIfRISZER L 2. 2O
R, L UAMETEE U THIEL Tna Z AR T L3RI, T8k Bl & UTTERT
Bo - T A T L BRI (BEEE 10 M) TRETED ZEZRL TR, T
L URSMBATIE, TORE DT TIPS EOEALRRD 5. —7, HLEREHETE
BRI 727, ROEAIE D A ONEREEIET Lis, ZOMROBAIR,
ORI K 2 HFEOERE SR EREICERLZ 2. LhL, TOREREDANZX
LIS TH 5. |

P SR A R "Se Bt L VBRI T CHAEL, TOMIMRE SDS BEHE TS
FiLiz. ZORE £l 35 TR 29a & 25kDa OF VNV EICKRIICRYAEN, Thb
Ot TOFA L DOERETORBENHAERICRT L > ONEEDRR L2 ThoHD
LHERIEND, F7-, FEMEEE huxeyi DEE, glutathione peroxidase {EHEIZIFH IR, EEATHE
42 E LTWS EIFEZICS W, LMo T, glutathione peroxidase EISMDARMD L/ JosA
VL U REEORRERDDBEND B, 48, INL0F NI BEORE, FEZTC
ET, EL S OF R AEBEREOMIANR I NS DO L IND.
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Fig. 1 Principles of the detection of Se -and **S -labeled substances on SDS-PAGE using the

[maging Plate.

(A) __CBB __ BAS

94
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43 .
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k3)

Fig. 2 Radioluminographs of SDS-PAGE of "Se- or “S-single-labeled proteins in the
coccolithphorid, Emiliania huxleyi. (A), proteins labeled with ”SeO,™; - (B), proteins labeled
with *°S0O,*; (BB, coomassie brilliant blue staining; BAS, radioluminography detected and

Image Gauge.
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Fig. 3 Detection of Se-specifically-labeled proteins in the presence of various proteins labeled with
Se and/or **S in the coccolithophorid, Emiliania huxleyi on SDS-PAGE. (A), SDS-PAGE pattern. M,
molecular markers: S, detection of **S (Even "’Se-specifically-labeled proteins were present, *Se
could hardly be detected because of its low specific activity.): Se, detection of ”Se; (B), patterns of
PSL-values, proportionally corresponding to radioactivity, calculated by Fiji film Science Lab 98
Image Gauge.
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Fig. 4 Time course of ”SeO;*-uptake by Emiliania huxleyi and the intra- and extra-cellular
concentration of Se :
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Fig.5 Growth curves of Emiliania huxleyi (A) and the time courses of "Se-uptake by cells

at various concentrations of “Se-labeled selenite.ions.
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Analysis of the requirement of selenium by coccolithophorids and its implication

for the control of a coccolithophorid bloom formation in the ecean

Yoshihiro SHIRATWA, Koji Iwamoto and Toshihiro Obata
Institute of Biological Sciences, University of Tsukuba, Tsukuba, Japan

Unicellular calcifying algae, coccolithophorids, fix inorganic carbon mainly by two
reactions, namely photosynthesis and intracellular calcification. The calcification reaction
produces calcium carbonate crystals known as coccoliths, which are excreted and placed to
cover the cell surface. The algae are known to form huge blooms in the ocean and is
consequently expected to affect the air-sea interchange of CO,. The growth of the algae and
the production of coccoliths are affected by the status of nutrients, such as nitrogen and
phosphorus. In addition to such major nutrients, microelements were also shown to affect
the growth of coccolithophorids. Phytoplankton bloom appears as species-specific, area-
specific and season-specific events. It is still unknown how such specificity is selected. We
found that the addition of selenium is necessary for the rapid growth of coccolithophorids.
The evidence suggests that such trace elements may be very effective to stimulate the
growth of a certain selected phytoplankton in the ocean. In this study, we focused on
studying on uptake and concentration of selenium by coccolithophorids and on identifying
protein(s) which are specifically labeled with a radioactive selenium ("Se).

When 3.2 nM "*Se-selenite was added to the culture after the depletion of selenium,
the intracellular concentration of selenium was increased to 8.6 uM. The concentration
factor was 3000. The remaining selenite in the medium was 0.4 nM, suggesting that 80% of -
selenite ions in the medium were incorporated into cells. Uptake of selenite increased
proportionally to the concentration of selenite in the medium, namely 0.09, 0.4, 1.0, 2.0 and
4.0 uM, and did not saturate even.at 4 uM which is 400 times higher than that of the
optimum concentration for growth. This evidence shows the presence of intracellular pool
of selenium.

Intracellular Se-requiring proteins were identified. Since Se is an analogue of S, To
distinguish specific Se-labeling from non-specific-labeling, a new method, named the
double-label-method, was developed using radioactive "*Se and **S in this study. Using the
method, a novel selenoprotein with a molecular mass of 29 kDa on SDS-PAGE was found
and the protein was purified partially. The protein is expected to be a key factor for the

regulation of coccolithophorid growth.
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