Bk = 0615
PRI L — RIS M 30 e oD A= BRAE B~ D 22 B D iR B

e BEPR
IR A RFH AR

B E [H] RN EE RIS DRA S METHY | & DOIKERHEE~O P ERI TR HALI
%o ZOLT AR DR R L7 DA EE D BT A N 2 DEAMTBI I X B ORE Th D, 22T, ARmBLERA B I, JRR
KL 0D 8K B0 IA F2 % A RSB 7 CRRE L, SO B A o ha— )L D H A H298 975, ABFZE I, AR5 K
DN RSB 12 E > TERR ZATHEY . B IIHI S D 2 &2 A PR R CRAET 5, £z, 8RR T CrERilsng
BIRTHEET AT 7L b T A AT LA (DD)VEIZ L THATL , 8K Z T OMHIEED £ FARAEZ 43 1L~ L CTHID
PNZTHZET, AREBUNL - O Y72 kA # TS,

[J7#£] /~7' R Prymnesium parvum, ###=E% Heterocapsa circularisquama X U7~ ¢ R Heterosigma akashiwo ¢
IRA B2, 2,2"-Bipyridine, Ferrozine 3 XU DFB @ 3fD N\ A RN FZIINL THEEL . SOGB4 1%
L BE B B 2212 o CIZE L 7=, DD {£121%., P. parvum ?553 6 H HIZ DFB % 0 pM. 10 pM K T 100 pM &72%
FOIThNZ . DFB ZWsINUT-1% , #RIFT) (RINE% , BN L B4, IRIN5 B KOS9 H ) IZ[EIUN L 7= deflia a2
720 BAEA DR L 724 RNA 28552 cDNA 25 R L . PCR IZHEL 72, PCR FEMIZARRL T 70— A7V & KK E)
ZHEL | BREIRSEM: T ORSRICRF RNV RER LT t% /e — = 72 TV B — OB RS AR EL  E
5 PR A HEER LT,

[FEREBLE] 3 FOMMEBEAIRE LR BICF L —MIZIRIIL, 8K ZHREBIC L7282 A, L — N RIN X 1
~XC H. circularisquama & H. akashiwo DAEFEFRA KL | P parvum 230§ D AICH 72726 $RZIRBEIZ I
T, HeD 2 ORISR IS RIS U THRNCES TE B HLSTWeB 2 oD, L — MR EFEO AR
N CEDFREMEA R 2SSz, — 5, DD JETIE, $kRZ T CIREFHEINDH A 56 D-IS 217 1367
(Table 1), =W, 27 BB T-X A7 73 BEAOMRERE -BLHI & @ O R EA R L, TBEERY T 7B | [=x
N TR RTEIER LR ) K O iR E DAV B D R FREL TR & 7R o T2, $RRZIZE- T, i
WUIAR R LT8R HDVIIERR Z AR RAIZH#IS T D708 a TR BEFEL, AR Z IS HEE 2 HRD,
FRODBURTFZAT DN, 8 AL T ZA T ISKINORERERARFRLFN AL | 21 AR F-H AT DBIARIDBLSN 8T, Z
NEDBETHATH, SREGAFCE OO EEZ 2 —RL QWD ATREMEDR 5, A4 BB DE (5 - HE A fif
WrdBZElzdo T, BB D ERED A St &y 1L~ L TN T TS,

1. ARBE®

I T 31T 2 T3 K K OVAETEHE KR DI X
DERFIT, A ERMAERO R BRI L, R %
FlEE T, R AMNEE K& DA et
SR THY | ZOKERIHFE~OPEEFNIEHNLITE
%o Flo, BNO @R BROFREERD, L,
IREIR A A BABR T 20 D7 i F L AL 72 HoTh
ERERZ REELLIZDCa AN 05720 AR FB
XM THD, T, SRS ST AR (B

B L — MID IS & TR R BE O ERER D IA Z A fHIAEIL |

JR R A BR R 28X | AR D TP 58 A 3 2
bnTEE O,

R, AMmIRICE S TRETTRE THY, MR, LA
' DNA A, ZHREE ., FVEERREZDOMELD
HRIHERE ISR\ CEREAR A R 22 Bl % = @, i,
FRITEARICB I D7ua 7 VA RIS S TERY,
SARRAEDL., A RRAEMIT AR TE VR E R B
T, LU, KB G, SRISRIEREIS 2 D720, T
HEOSIBERUTIIER ICNEECTH D, D EREHREKY
a7 VRIS I W T ARIR B O G E 0 gk L6
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L TS0 $RITEM DRI T& e b RE
72 TG B9 22T IR I I RIS E O 85 A B IA T
7 SR gk L —METEEE A PEH L, i
ARk (D FL—Ragk (1) ~=oe L, 8 (1) ZARIEEEN I
Biade CO, BparEiksg OO CZ OB T
A PGS TS, — T, 8 (D IR B2
TaRT EIESN~FEH L, SRESETE R LT T akRT &
HRPRICE AL 55, > 7 /307 7 G105 1
OB D BRE T 7 R 7 DRE DS R STV
% B8 22T ZNBEBUA RIS T Dk A
FOE B RO N LA MR CERER OELHZ | R
R R B SRR 2BV IAD I, R AEEMETE
Do

AMFZETIT, RO IHIBIERAI L 70D N AL —
NI DR B A REET D720 AL —MEIlE -
Ny FRERIC IO OB & BRI T o7, o, AH
FL—MNZL-> TR ZICUI B O R Z, 747
TLT R T A AT VAR BRZ T THRILT D
BAR T HA A —=2 7528 7C, FRE R R EEA R K

TS T DA BT D,

2. MEAE
IEERER
BREERIZIT, RUWRERBETCHDI TR

i HE B
circularisquama . "7 7 ¢ Heterosigma akashiwo®3

Prymnesium parvum Heterocapsa

iz Tz, ZRR IR R 2 sE M HEEL | 1REE20°C,

JEE8EE 110 pmol photon/m?/sec, 14 IFRIBH —10 FEREIREF
DY GAE T CHEFFRF R LT, MRl A 8k R Z 12T 5%
L —R&IEL T, 2,2-Bipyridine (3-(pyridyl)-5,6-diphenyl
-1,2,4-triazine), Ferrozine, DFB (defferrioxamine B) ?3
FEDO N T —MZFERIZH LT, ZNE N AL
— AN, BREBETRLL . I Z SRR Z 2T 2L N0
TG MBI gramre 01 pMz & Te /2 B5HICP
parvum, H. circularisquama® O'H. akashiwoZ #2fE1L 7=
% MEFFIE R L RBR OGRS T CHE LT, 6 A HIE:
LT A FEGHIAEE . P. parvum&H. circularisquama, H.
circularisquama&H. akashiwo, H. akashiwo&P. parvum}z
OSBFEO AL 2 T EMU DDA G ClRAIR T SR
ABlLlc, TNENOHEEIRIZIFMDOFL — R 2,2
Bipyridine, Ferrozine s 'DFBZZ €111 uM, 10 pM
K OM00 UMEZ2 B L0 % 72, K548k 10 pLEw, 20 &

(A AR 2 B B R I B W T — B b= D45
R AR A DI L CRB A A R L . A e oD A2 5%
(RO AR F B 6T D & i Al fa g D FIE) &
BHLT, 722383, L& 7= 5B 2 HH AL LT,

TAT7LUIYIL-TARTL MK

PRIEFE 0.1 pM Z & e f/2 K5 HiC P parvum ZHEFEL |
HEFFRF R L RRROET RS T CHEE LT, 558 6 H A
DFB % 0 puM, 10 pM Y 100 pM E725J912N 2 7=,
DFB Z# U7 % | #REFE) (BSINELRE . BN 1 H A% 0
5 H%& KOS9 H%)IZ P. parvum £528i% 40 mL %
12,500 rpm, 2 STl Lz, EEARE TR 1%,
AR ZEF % W CHAE L, -80°CTHmmRfF LT,

BB IR LTkt 5 | & — L (Nakalai) %
FHWTtotal RNA ZfliHHL72#% . AV 7T~ —I2&o>T
cDNA Z& % L7=, Suprec-02 (A XD /NS EE R A X0
3T BT TAKARA) THIA4<—%ERORE, 7477
Ll be T A A7 LA Forward primer (Ap51, Ap53,
Ap56) K % Reverse primer (T1la, T11lg) # MV 7= PCR
HIEIZHEL 72, PCR PEM%A ., 8% 77U T IR VAR IK
Lo TURENIL , kR Z T OR R CREMICALNS
NN USRI, FRLUERE TA 7o—=2

TIWHEL BNz — L O IR AR E LT, KR
WRES B LT/ eEl Y% DDB) 7 —4#_X—2Z LoD
BEAELS & i 322 & (BLASTA K OF FASTA sk 7'm
77 IMEM) T, RS 33— R D Re A Rt L
7

3. BRRUES
BRZTICEITAMHEEDREIEERER
AR Z 4 MY O A DR TR AT R~ 3FDOX

L —hAll 2,2’-Bipyridine, Ferrozine & Uf DFB % 11E 4

1 UM, 10 uM K T} 100 pM DR FEL72 DTN %, BAK

BEBLZRC o CRHER L 7o M B DA e i o A

TR R 72, P. parvum & H. circularisquama % &

BRELIZEZA, KR CeL—MIZIRINL T3

BRIX) 12ige~, 2,2°-Bipyridine 100 pM O¥RINX TiE, H.

circularisquama O 4738 P. parvum O A7 % LAl |

4 H B LAKRIE H. circularisquama D47 R1E 80%% 5D

7= (Fig. 1), —J7. Ferrozine 2 O* DFB O#INXTIL P.

parvum 23ME HFEL720 | 50%05 90% D AR A b Tz,

H. circularisquama & H. akashiwo iR & LI-E2A

2,2’-Bipyridine100 uM OFMIX Tl H. cwculansquama
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Fig. 1  Change in survival rates of P. parvum and H.
circularisquama in the f/2 culture medium to which chelators,
such as 2,2’-Bipyridine (A), Ferrozine (B) and DFB (C), at the
concentrations of 1 uM, 10 uM and 100 pM.

1uM 10 uM
A 210 H 0p 100 pM
¥ H —
= N | H. circularisquama
£ 504 1H 1H
3 —
0 J1 Ji H. akashiwo
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£ s0 1M ] H H
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(day)
Fig. 2 Change in survival rates of H. akashiwo and H.

circularisquama in the f/2 culture medium to which chelators,
such as 2,2’-Bipyridine (A), Ferrozine (B) and DFB (C), at the
concentrations of 1 uM, 10 uM and 100 pM.

F72 . DFB OWMK TiE, o RMKIZ LR H.
akashiwo DR KL | 50%7°5 60%% (572, H.
akashiwo & P. parvum ZiRAEELI2E A, (KREDOFL
—MEIRANKIZIBNT, P parvum OZEFERA 2 H BICH
KLU, 4 HHLFERIE 100%(22E L7 (Fig. 3), —J7. miRE
DF L —hFIBMX T, HRXICHE~ 2 HED H.
akashiwo DAFRZRNHGRL | 20%7 5 65%% 87, 3 Fil
OB IR AR L2 A, B X TA AL P

C 1007 .

@
Survival rate(%)
@ IS
o =} S
[
L I . N
1 '] 1 1 1

parvum>H. circularisquama>H. akashiwo DJIEIZ LR
DEi7eo72 (Fig. 4), L2>L, 2,2’-Bipyridine 100 pM @
PN CIL, H. circularisquama OEFERNHE KL, 8 H
HIZIX P parvum OEFRREEUEE | 65%% LT, £, 2
H H® H. akashiwo DA G 5 HXIZH <, 2 525 12
FEIZHER LT,
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Fig. 3 Change in survival rates of H. akashiwo and P. parvum in
the /2 culture medium to which chelators, such as 2,2’-Bipyridine
(A), Ferrozine (B) and DFB (C), at the concentrations of 1 uM, 10
MM and 100 pM.

R 1uM 10 uM 100 pM
A g0 -
§ P. parvum
Hi =
@ H. circularisquama
O o 4 o
B glOO [ —
& H. akashiwo
5 50
3
10% control
C g
3 50 -
0 A d d
02468 02468 024638 02468

(day)

Fig. 4 Change in survival rates of P. parvum, H. akashiwo and H.
circularisquama in the /2 culture medium to which chelators,
such as 2,2’-Bipyridine (A), Ferrozine (B) and DFB (C), at the
concentrations of 1 pM, 10 uM and 100 pM.

FL—hl 2,2-Bipyridne M 9355 0 DFB 51913 kL
SERCL | FE 3 LOVH e 2 Bk R Z R ABIC 52 e
WESNTWD, FL—MIZIRINT5ZL T, xRIXIZ
#:~C H. circularisquama & H. akashiwo D E 7R )3 K
THEMICIH 772D | BRRZARREIZI W T, 20 2 FiD
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TCRIAERR X P. parvum (2SR A S (et L TR RN @G
TEELHLLTWEEZOND, ligkEFEELT W
2,2’-Bipyridine Z¥RINL7=554 CTiL. H. circularisquama
DAFRRPNER U720 i 2 FEOMAIEEE LT
Al DOERE T IABRLTNWEHELE TED, ZHIVET, ME
RBERE2E OWAEMIL, FREENL 1 (7 0k T ) &R
L. AR LT-> 7 a7 2 N I C B A T
ERHESNL TS O H. circularisquama & F R
T (T aRT) Z4r Ul M8k O B A F 2 A 1L T
WD RTEEMEN S D, H. akashiwo 1Z, ZfligkEfE AL o3
VN DFB fFE FCL AR R LI=Z D0 TS
T1EH T HX L —MIFIE T THHALLT W EEZ R b
Do T F 2 IR DL, BREfRRES T 558 717038 70
BRI C o CIEEL © = Mligka —hgkiciE oL, —Aligk
ZIVIAA TERBILEL TS 69, H. akashiwo (L, ¥
VIRTERER A A L CRY, ligkE R BEEWiAD S E
HEHICE 5, 7=, P. parvum AMlLod 2 FEOBARTEE (ZH A~
AFELCT) o728, ZHUT P parvum O Bl FE K&
Wi etFEzbhb, 512, H akashiwo 28 H.
circularisqguama & YV A F% 8 K v O (X H.

Oday 1day Sday 9day
__ 10 100 10 M

9day Sday lday Oday
M 10 100 10 0 100 10 O 100 10 0 M

circularisquama 7374 BEHL ), H. akashiwo D&%
FHEEL TV RTBREMEDN 8D, THE TR D $k B D 1A Sk
L IR TRARDZEN R ERL ~L THEIESN T
BY, ZNTHORENERTHMEN R EShH MG S
TG @9 5eoT L — R NCE > TR Z 1725
T AGHBE I, BRERYIA A0 V3 L 7= o s ti 2 g 5%
EEZHND,

BRZITEET DECFHOIO—E

P. parvum OHifaAHHHIL 7 total RNA #3121 C
cDNA # &KL, TAT7 7L ¥ b F AR T LA T T4
~—% 2 PCR HIEATTV Y, 8.0% DAY T Z7ULT IR
T L CERKIKEILTZEZA, I DU F— i
Bz, 7T 4~— Ap56 & Tlla #1745 7- PCR 1
I3 T, DFB ZH U728k R 2 B TR A7 R
R, 1,500 bp 7% 500 bp DT 8 Atk Hi= 417 (Fig. 5) .
Fiz, T TA4~— Ap5l & Tilg ZHAADETGA, 8k
K2 DFEFTHFAY72,3 K12 1,000 bp 75 500 bp Of#]
T 7 AR TET=, 7IA4~— Ap51 & Tlla ZfAEb
BB A1T. 8RR Z ORI 17230 R1Z 1,000 bp
735 300 bp DFE] T 10 At STz, 4225 KD/ SR,

C
9day __ Sday 1day Oday
M 10 100 10 O 100 10 O 100 10 O M

M;100 bp ladder marker

Fig. 5 Nucleotide patterns of PCR products using
each differential display primers (AP56 and T1la
(A), AP51 and T11g (B), and AP51 and T1la (C))
(GenHunter, Corp. Brookline, MA). The culture of
P. parvum in the /2 culture medium including 0.1
pumol/L FeCl; to which DFB was added to at the
concentrations of 0 pmol/L, 10 pmol/L and 100
pumol/L at the Oth day, the 1st day, the 5th day and
the 9th day. The first and last lanes represent a
molecular weight 100 bp ladder marker
(TOYOBO, Osaka, Japan).
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WTIEDFBININIX THHER R Z N IZH DB 2Ry 2
TR NS IV TNDZED D, ZIHD SR, #RZ I
WG T D7D O fEE 2 — R LI\ s T OBk %Z 5 AT
WHEEZBID,

MERIE R FC A CE DHERERRAT

RUTZINVT IR VIOEI LTz R G 25 ADH
BRI 72N R 23 AZ@IRL, TA Z7e—=7 2l
L. & 63 70— ORI S A e LT, IR
BB DFETIZ IS E | @A REINE (90% L ) 27~ L7z
n— DOELHNE Rl — OB FAAT L LT RER, 56 D&
BAZAT TSN, o, — DD RIPLEEO
B 2A7T RSN TEY, RITZ7ILVTIRT L E
WU REL CHERS NIRRT FE ThHHEEZ I B
%o WE LT EEIE A S%Z DDB) 7 —4#X—2 EDRE
FEAG TR E LR L= b2 A, 27 BB T-X AT M3, BEM
DOBERE TS B VMRMEE R, 8 BB 14147
DARFNOMERERAR T-HLFN SFRIL , 21 BB T-Z AT DR
HOBLF LT o7, BEAOBAR BLFIE m VR Z R

L7242 27 DR FAAT 1R BRRBICIE S &AL 12824,

(BREH [ 7 FIURE] | T —/Epk ) T28
JBAER L5y ) K OV AR A & D ZE AL 1T KB CE Tz
(Table 1), ZNHOMERBIEIS T, R Z TRV THR
BEFEIIL, $RZ T ORGH BRI T B2 D& FI 240
IEEZBID,

(BB ICIX, TATATT—8%, VR T AR —
B JEH TG T s F A RS, Cu R A
N—H—%a—RT 5RO RMEEZ R TBE 74
ATWREFEND, BRZ FTIZHAIHEWIL, FT AR —
Z—a AR E L SHEIERE T 52 EnHE S
T5 @ Lotz a— R4 5ils i, $ix2
TIZHBWT, SHIVIAALZRET H7-OIIE G I, 8k
RZ %25 P CHRERBT DL/ ED, VT
AR—H— JFEZ L RIE | Cu hT AR —F—(%, REL
T 8A TIAFAHO DI SR EEDBE R LT2EZ 2B
Do Tz, WOHIEL, BREFRVGEAERR 1T T 5T R
TEREML, T aRT LGS LIz gk (D A Al Aa N IZHRY
AR AT L ERESN TS O, FAz2T5
— B, T=a R F U ET IO E T DB A
DEEFETHL P, F- T =a A rF A REEEL S
[y EES Tz, WE-CL P, parvum 1E, 7 k7 ZPEH L
TEEIIAA TWARIBEMES RENTZ,

(L T FNMRE | DFERZIE, ¥ —8%, /(F93=

F—B PAA LT 2 — TR T LysR, ¥
XU UREG S Y e a— R ARSI E E O FIEE R
TBIE T XATREEND, ZNOOBBTHAT 1L, &
7 IR — R 5L T& | #ko K
ZIERAEZ T OO 2 B A TGN T BT DR
IR E AR ESEAR L LTI EE 26D, FFIZ,
LysR (%, 7 k7 GEIC D LB IR A TSR TS
DERE N T T DTz @ MO8 K Z (s 4572
D DB T FEBAHIEL TOD ATREM D B D,

[V — LB ORI, Y MasdFo ¥ —
Y. BLRTHEE, v rutd S — YR B &
[ON=0=D N3 1V Sy 4= el N T AP P A 2l i
BT BB TAAT BB L, TNOOBEER, 88RZ T
IZBWTRZ LT RX — 275 T DRI A E R 8T
HEHEERTED, BRI, B ul) U BRINK Sy RS 1L, s
RICEDDEEZ THY ATP OAPERET, EWITEEN
RRETDE NLESTEDAERKDY , BEEMRIZ X
HTFNF— MG DMK T2, MR IC W ThHEE R IR
W MER L, R SE MR T DRI R T X — %4
HZLLIRN BRI THHE Y B NNK 53 3 73
HREL -~V CTHERHBSN-EEZOND, —J7, Vo
LARH — B R OB TR R IL, ~ DX T %
F, — NI NSO R IIERZ T THRESN
RNERARSH TS @ AT, DFB % FV Ciiig
EERRZIRABIZUTZ 28 kR ZMNAEUDETITH LR
BT A5EETFOORTE, ~NLADREERIT-DITA~LD
BT L~ L TIRES L FTREE N 8 D,

(52 ROBAEAR LR ) DOYEREZI, 7 a7 7Y — 4
BILOb—hravyrZ o "7 Erza—R4 HE05 & EV
FMEE R TBIL AT BB LI, E—hay s R
HIE, BT I EREREIE T 5, e T A —
UNE X AB N X AL A I S Yt
D, B Z T T, BB BRBE AN A% 21T <D
HRENES L MBS T 5 @, 20720 SRR ZIRE
(ZHDAIBL, Zo OB OAES R AR D3I,
WL RIBEEER L RETLINERDD, 2T,
LREDZ LRI ERED R TR E S, $RRZ A
MR L TV D EHEER TE B,

(G TG ORI D FEREZIL, Zo T BEDE
RREL T, BEREIRYRY — D2 S8 BRI %
#EN 1%, DNAKRY AT —EP B L OMRNA R T 20—
R 2EHIE m O RIEEZ T BB -2 A 7 N E b,
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Table 1. The hypothetical functions of the consensus amino acid sequence deduced from clones which
include the nucleotide in the band specific to iron-deficient samples on the polyacrylamide gel.

Functional Hypothetical function Similarity
category (%) Organismas Kingdom
Iron uptake i i
P ABC phosphate transporter 31 Pseudomonas syringae  Bacteria
membrane protein 33 Synechococcus sp. Syanobacteria
Aergbactm biosynthesis protein, lucA/lucC 29 Staphylococeus aureus  Bacteria
family
. 41 Zea mays Plant
Putative ATP dependent copper transporter
Thioesterase family protein 29 Stappia aggregata Bacteria
Signal Kelch repeat and BTB domain- .
containing protein C160rf44 100 Bos taurus Animal
Trans-sialidase 31 Trypanosoma cruzi Protozoa
Class | helical cytokine receptor number 30 44 Tetraodon nigroviridis ~ Animal
Regulatory protein, LysR 38 Shewanella putrefaciens Bacteria
Syntaxin binding protein 1, putative 42 Trypanosoma cruzi Protozoa
LysM domain protein 36 Pseudomonas syringae  Bacteria
W|del_y cqnserved prgteln with eukaryotic 33 Bifidobacterium longum Bacteria
protein kinase domain
Ener . . . .
9y . Cytochrome c oxidase subunit 3 58 Emiliania huxleyi Protozoa
production
NADH:ubiquinone oxidoreductase 84 Solanum tuberosum Plant
Schizosaccharomyces
Cyclooxygenase (COX)1T1a maturase 36 Plant
pombe
Thlamme pyropho§phate ?nzyme, N- 30 Baf:lllus . Bacteria
terminal TPP binding region weihenstephanensis
Repair and ) ) o .
production Putative proteasome alpha subunit 63 Emiliania huxleyi Protozoa
of protein
Chroloplast 30S ribosomal protein S7 74 Porphyra yezoensis Plant (algae)
ubiquitin 34 Symbiodinium sp. Protozoa
. . Novosphingobium .
Heat shock protein (GrpE protein) 55 aromaticivorans Bacteria
Eukaryotlc peptide chain release factor 71 Podospora anserina Fungi
subunit 1
DNA polymerase zeta catalytic subunit 34 Mus musculus Animal
Glutamyl-tRNA reductase 32 Helicobacter hepaticus Bacteria
Yersinia .
Bacteria
dehydrogenase 55 pseudotuberculosis
Alpha amylase, catalytic region 47 Burkholderia cepacia  Bacteria
Change of _ o8 Cryptosporidium Protozoa
cell oocyst wall protein 3 parvum
structure 43 Triticum aestivum Plant

mei2 -like RNA binding proteins
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B AW TAR KA IR 7 B OSERE IR AR Y — b B3

B3 mRNA 362 B AR DB RET %, FF
(ZHERRIR AR Y — D7 X7 BRI R
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DOREERER BT IV CHI I IE 2 2 LS IRIR AR A
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REICH OMIHEED | RARIRIEICS 7 R 57212, EREo
HRER S BIS - L HEZR T& D,

fthd 8 WIBTHAT 1L, 2o\ VEThHEHENS D
TSI THLL DD BEREITRATHD, —77, 7KDY
QLAAT T, T —F_X—A ECIRREH I3 2L | BEREIT
RATHD, ZOLTZRINEE T2, BRZIT LT, #r
A OMREZ AL CWDAHEMEDR 5, UL EOFER LY, 8k
RZ KRBT ClIk 2 72851725 15 L LTRSS,
ERR ZITH T 5 A B e A B E D 2 &M FERES AL
Too BRRZ FIdH5 R %) Arabidopsis thaliana O3
AR T% DNA ~A27a7 LA TIRITLTAS R, 25T
D 13 DBIE T RFESNLZENRESH TG @) 4
[If55 7= & -EE . Arabidopsis thaliana iz 5.5 &
S TEY, $KZ BEBENH DL B EIR G2 5
HMU2L e w5, SREIARIZE DS TWAEE X B
LA DAL T BEEBE RN OG- HEIT ., B R R T
— 7 %R, SRR Z KRB DIERER A T 5 AT HE
HERBHD,

4. SHORE

FRIGFHZAT N, SRR ZITSE L THIREFESND
ZlE )T ay T4 T TTRGET D, ZOBE, VR%E
FREORBEP AR R UG ERE | SRR Z O LT
BT, RARIG T Z AT DR TR T DR RS e
BT D, AL SRR ZITE W R R T E s TR
ra—AbL, FREGHEEAL T CRIbR T HBE, iRk Z %
R Y—H—EU T T2 TE THDH, Tk
IANFIEREIZ DX R DIREFED B AR Z SHEHH
FEBOAL 128 R 35, Mlse 3RO R RS FT s B
1, BRBUA L 2RI D G S Tng @), 22

T, RO TEELEZ T, TAT 7Ly /L T4 AT
AEERITL ., 8RR Z T ClREFEINL B 7147 T
U—Z BT DT LT, ERED A B 0O Tl Rl B A - i A
LTFT<,
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Summary
(Introduction) The growth of harmful microalgae causes red tides in Japanese embayments, and has given
severe damage to both natural and cultured fish and shellfish. Fishery society requires powerful strategies
reducing the occurrences of red tide. The lignads limiting the iron uptake of microalgae and reducing the algal
growth were useful tool for regulating the microalgal biomass. In this study, the three organic ligands preventing
the algal growth were evaluated for the specificity to microalgal species. Furthermore, for the molecular
mechanism of algal cells adapting to iron deficiency, the functional genes, which induced the transcription by iron
deficiency, were cloned using differential display analysis.
(Materials and Methods) After two or three species of the red tide algae Prymnesium parvum, Heterocapsa
circularisquama and Heterosigma akashiwo were inoculated into modified f/2 medium including Bipyridine,
Ferrozine, or DFB (defferrioxamine B), the growth yields were determined using microscopy observation. For
differential display analysis, the culture of P. parvum in the culture medium was added DFB at the concentrations
of 0 uM, 10 uM and 100 uM at the Oth day, the 1st day, the 5th day and the 9th day. The PCR products of cDNA
synthesized from total algal RNA were observed using the polyacrylamide gel electrophoresis. The specific
bands to iron limited culture were purified and cloned. Nucleotide sequences of the clones were determined and
analyzed.
(Results and Discussion) In the culture medium including chelators, the survival rates of three algal species were
changed comparing the culture medium without chelator addition.  Under iron deficiency, H. circularisquama and
H. akashiwo increased the survival rates, while P. parvum decreased the survival rates. Presumably, the two algal
species can effectively adapt the iron deficient condition and survive under iron deficiency. At the differential
display analysis, 20 specific bands to iron limited culture appeared on the polyacrylamide gel, and nucleotide
sequences of 69 clones of the specific bands were determined. The 63 clones were classified into 56 genetic
types, of which 27 types similar to the known functional genes, 8 types similar to the sequences of hypothetical
protein, and 21 types indicated unknown sequences. Some genes were relate to iron uptake, energy production,
repair and production of protein, and change of cell structure, whicih would be induced under the stress of iron
deficiency.

- 179 -





