BRES 34
PRI S [K] 82 OO Y GIE - W1l 9~ 2 SR RRECAL T DERERZ O A J1 = X I OfEER
¥OETR &IRKTE BRBEFEHER

[E/] FRETANEEZ REICEBE S S DA REEMETH Y, EOKERBEE~DOHEH
MEBRALICE D, 29 LIEdRBORE & 72 DB O HIE 2 11 2 5 HBRFIT R A ORETH
. 2T, FEBkRE BRI, AREREBEOSKE O AS A R T CIRE L, HlmEos
% 2 ba— LT A ERET A, AT, REIREESERENL I X o> TR Z
WZHE D . BEFESIIHI S D 2 & A ABERERCEIET S, £72, #FHIRT CHERHR I E
BFEHEET 177 L x b T 4 A7 LA (DD) EIC K> TR L, 8-RZ T OREEED A
HUREEZ 5 LUV T LT 5 2 & ¢, BB OBy R HREZ#EL 5,

(53] ~7 ¥ Prymnesium sp.% . 2,2'-Bipyridy. FerroZine, BPDS ¥ J U*DFB @ 4 fEdD A T.
BT 2 I U755 CEE 8 U, AR EZRERYICEIE L7, DD EICIE, SRFIfRSGAt: (8%
BEEKOUM 5 WIIATEMAOFIN) BLOBEESME BREER 1 uM) Tk L7
faz -, EERERE D 4 L 7= 4 RNA 2882 cDNA # &/ L, PCRIZfiL7-, PCR EY)
ARRHR T v — 27 VEKKENI AL L, SRR T ORI RN FEFR L%,
Iua—=U T ETY, B u—  OFEERSEREL, BETHEEEAHEZE LT,

[R5 & E22] Prymnesium sp.i%. FerroZine 33 X UONDFB (2 L - THAFEN PR ICRHE S 4, BT
FAZ L > THHIEEDN SRR ZIRBEIZ e o T2 6B X b, 29 L =fliogk & BL T HEL 723
TRBEEOWEFEIIHNCE LT\ D & R2gE 5, —F, DD BT, $-RZ T CBEEHFEINLI 2
17 DBEFZ A TG BTz (Tablel), €D, 8 & A T HBEFBEMLEFELS & &\ O FEENE 2 7~
L. 9 ¥ A TRMEF| L 72 o7, BEREFI O/ Th, 8, BEEAEDIIRGER T, =/
F—¥, B\ooa v 7 EB (HSPIOfamily) D2 11— 3% < 5., Prymnesium sp.l3gERZ ~
DAL VRZHIET D7D 2N OBETFHEG L~V THERBL L L HEIN D, £z,
REBEFIDIIRTH {71, BRI oottt ot st it st s st

Types APS1 AP53 AP56 APS1 : AP53 . ‘ .

TMCEEED e a— R LTV ——— S e
b 3 40S ribosome protein 3
LETREMEDN E W, A%, AHEITF et A >
e 5 6 4 unkno 15
. f 1 2 1 8 1 unknown 13
EEMES D 2 LT, BBIRSE G2 1 : Eroae ¢
_ N 1 1 unkno 1
BICRRE L. DD EIC k> TR Z i wnovn i
1 2 9 unknown 11
IR RIS ET 2 B8E O o ‘ o i
—AEBIT, BRSBTS f i G ) 3
total 7 5 8 11 5 6 8 4 9 8 9 3 83

BB IR T~ — 0 — BT LA =

<0






0424

DNA
@

23

(D)
(11 (1 “ 9 ®. 7)

D

(8, 9, 10)

(11, 12)

- 305 -



Prymnesium sp.
3 Prymnesium sp. /2
20°C 110 pmol photon/m?/s 12 -12
Prymnesium sp. 2,2'-Bipyridy  FerroZine
(3-(pyridyl)-5,6-diphenyl-1,2,4-triazine) BPDS(bathophenanthroline  disulphonate) DFB

(defferrioxamine B) 4

1uM
Prymnesium sp. 1uM 10 uM 100 uM
2 550 nm
Prymnesium sp. 1 uM Prymnesium sp. 8
1pM 10 pM 100 pM 2

Prymnesium sp.  FeCl 0 uM 0.05 uM 1uM {2 FeCl 0.05 uM

/2 20 FeCl
1 uyM 112 8 100 uM  2,2'-Bipyridy 20

15ml  Prymnesium sp. 3,000 rpm
15
-80°C
Nakalai total RNA
cDNA Suprec-02
;TAKARA
Forward primer (Ap51 Ap53 Ap56) Reverse primer (T1la T1lc T11g) PCR
PCR 1.5%
TA
DDBJ BLASTA FASTA
Prymnesium sp. 4 2,2'-Bipyridy FerroZine

BPDS DFB 1uM 10 pM 100 pM
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2,2'-Bipyridy 1000
FerroZine 1uM 10 uM T 100
tfé 104
100 pM g
(Fig. 1) BPDS g
E
DFB 1 um s
10 pM 100 N
ny 0 2 a4 %aya 012 14 0 2 4 ﬁdayB 10 12 14
Fig.1 Growth of Prymnesium sp. in modified f/2 culture medium including
10 1uM 2,2-Bipyridyl (a), FerroZine (b), BPDS (c), and DFB (d) at concentrations
of 0 uM (square), 1 uM (circle), 10 pM (triangle), and 100 uM (diamond).
10 pM 100 pM
2,2'-Bipyridy 100 uM
1000
5 1/10
. E 100
Fig.2 DFB 10 pM 100 uM £
9 17 g 109
1/10 £ b
£ 1000
% 100 A
< 1o
13 T T
15 20 25
day day
Fig.2 Growth of Prymnesium sp. in modified f/2 culture medium to which 2,2'-
Bipyridyl (a), FerroZine (b), BPDS (c), and DFB (d) were adde d after 10 day
incubation at concentrations of 0 pM (square), 1 UM (circle), 10 pM (triangle),
and 100 pM (diamond). Arrows indicate the day when each chelate was added.
RNA cDNA DD-PCR 1.2-1.5%
Tila Tilg
PCR PCR T1lc
Fig.3 Tlla AP51 AP53
4 3 500 bp 1,500
bp Tllg Ap56
19 14
TA
T1lla  AP53 AP56
1 0 uM
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2000p - Fig. 3 Nucleotide patterns of PCR products
1000 using each differential display primer T11a,
T11c, or T11g, combined to each primer AP51 ,
% AP53, or AP56. The algal culture in /2 culture
300 medium including iron at the concentrations of
ﬁ 0 uM (lanes 1), 0.05 uM (lanes 2) and 1 M
(lanes 3) and the algal culture to which chelate
was added at 10 day incubation (lanes 4) were
used.. The first and last lanes represent a
molecular weight 100 bp marker (TOYOBO).

PCR 83
17 Table.1 98.0%
Table 1. Genetic types of clones of PCR products in each bands on agarose gel, and hypothetical functions of each genetic type.
Tlla Tllg
Types AP51 AP53 AP56 AP51 AP53
3 4 2 3 1 2 4 0 1 2 3 1+2 hypothetical function total
a 2 2 6 Eucaryotic release factor 10
b 3 40S ribosome protein 3
c 6 2 unknown 8
d 1 1 unknown 2
e 5 6 4 unknown 15
f 1 2 1 8 1 unknown 13
g 1 5 Enolase 6
h Enolase 3
| 1 unknown 1
j 1 unknown 1
k 1 unknown 1
| 2 9 unknown 11
m 1 unknown 1
n unknown 1
0 Aspartic protease 1
p 5 Heat shock protein ~ HSP90 family 5
q 1 NADH dehydrogenase 1
total 7 5 8 11 5 6 8 4 9 8 9 3 83
(clones)
T1la-AP51-3 4
(a,b,d,f) T1la-AP51-4 3 (a,d,f) T1la-AP53-2 3 (c,im) T1la-AP53-3 3
(c,fg) Tlla-AP56-1 1 (e) T1la-AP56-2 1 (e) T1la-AP56-4 3
(,p,q) T11g-AP51-0 1 (e) T11g-AP51-1 3 (g,h,i) T11g-AP51-2
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3 (a,j,k) T1lg-AP51-3
PCR
Blasta  Fasta
17

7
Table.1
a
g h
p
HSP90family
b 40S
0
NADH
DFB

10

Fig. 4

Prymnesium sp. 10

() T11g-AP53-1+2 3 (f,m,o0)

Clamydomonas reinhardii  (Green algae
68 EOryza sativa :I Plants
85 Arabidopsis thaliana

Saccharomyces cerinii 7 Fungi
Drosophila melanogaster
Polyandrocarpa misakiensis
Xenopus laevis

100| | Homo sapiens
— 100! Mus musculus

50]

88 .
Animals

Clamydomonas reinhardii  (Green algae )

L Prymnesium parvum (Haptophyte )

Lycopersicon esculentum 7

Arabidopsis thaliana

Oryza sativa

Zea mays

Rhodomonas salina (Cryptophytes] Microalgae
Saccharomyces cerinii :| Fungi

Drosophila melanogaster 7

Oryctolagus cuniculus Animals

Plants

77
01 Homo sapiens
Arabidopsis thaliana
g |~ Nicotiana tabacum

Zea mays Plants
92 —Lycopersicon esculentum
Oryza sativa

[Prymnesium sp. (Haptophyte) | ] Microalgae

Isochrysi Ib Haptophyt
r soc ryS|s.ga ana (Haptophyte ) Microalgae
100 —|Prymnesium sp. type-h (Haptophyte) |

93] 100 ——[Prymnesium sp. (Haptophyte) | Microalgae
01 Clamydomonas reinhardii  (Green algae

Fig. 4 Phylogenetic tree for amino aside sequence of the eucaryotic release

factor, the enolase, and the heat shock protein of Prymnesium sp. The tree

was calculated from a dissimilarity matrix of ca.125 bp, 83 bp and 152 bp
alignment, respectively, using a neighbor-joining algorithm. Bootstrap

values larger than 50 % (after 1000 resampling) are indicated on the branch.

Prymnesium sp.
DFB

2,2'-Bipyridy
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2,2'-Bipyridy DFB 10

2,2"-Bipyridy ¥ DFB (15:10)
Prymnesium sp.
2,2'-Bipyridy
DFB FerroZine BPDS
Prymnesium sp. 10 FerroZine
17) BPDS (18)

Prymnesium sp.

2,2"-Bipyridy DFB
Prymnesium sp.
HSP90family  40S
NADH
PCR
HSP90family

9 Prymnesium sp.

(20.21) Prymnesium sp.
40S MRNA
40S
¢2.29) HSP9Ofamily
ATP
@
Arabidopsis DNA 1/3
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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 four organic ligands were evaluated for preventing the microalgae from uptaking
iron and growing under iron limitation. Furthermore, for the molecular mechanism of microalgal
cells adapting to iron deficiency, the functional genes induced the transcription by iron deficiency
were cloned using differential display analysis.
(Materials and Methods) Prymnesium sp. causing red tide was incubated in modified f/2
medium including 2,2'-Bipyridy, FerroZine, BPDS (bathophenanthroline disulphonate), or DFB
(defferrioxamine B). After incubation, the growth yields were determined using absorbance of
550 nm at every two days. The algal culture in f/2 culture medium including iron at the
concentrations of 0 uM, 0.05 uM and 1 pM and the algal culture to which chelate was added at 7
day incubation were used for differential display analysis. Total RNA was obtained from each
culture, and cDNA was synthesized from total RNA. The PCR products of cDNA were observed
using the agarose gel electrophoresis. The specific bands to iron limited culture were purified
and cloned. Nucleotide sequences of the clones were determined and investigated using FAST
research on genbank database.
(Results and Discussion) The two ligands, 2,2'-Bipyridy and DFB, inhibited the growth of
Prymnesium sp., while the other two ligands, FerroZine and BPDS, showed no effects on the algal
growth. The 2,2'-Bipyridy and DFB which bind Fe (I11) would prevent Prymnesium sp from
uptaking iron and lead to iron deficiency. At the differential display analysis, 17 specific bands
to iron limited culture appeared on the agarose gel, and nucleotide sequences of 83 clones of the
specific bands were determined. The 83 clones were classified into 17 genetic types, of which 8
types similar to the known functional genes and 9 types indicated unknown sequences.
Especially, the 3 types of the known functional genes, such as eucaryotic release factor, enolase,
and heat shock protein, occupied 24 clones of all 83 clones, suggesting that the algal cells under
the stress of iron deficiency induce to transcript these functional genes to adapt the environmental
stress.
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