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Generation of superoxide anion by Heterosigma akashiwo newly
isolated from Isahaya Bay

Yasuhiro Yamasaki and Tatsuya Obpa

A red tide due to Heterosigma akashiwo occurred in Isahaya Bay, Kyushu, Japan in 2002.
Seawater sample collected from the red tide area was brought to the laboratory, and the clonal
culture of H. akashiwo was obtained by repeated washing using capillary pipette. Colony forma-
tion assay using marine agar medium revealed that this freshly isolated clonal culture of H,
akashiwo was associated with a number of bacteria. After the treatment with penicillin (100 p
g/ml) and streptomycin (100 g/ml) for 3 days, these bacteria became undetectable. Interestingly,
the growth rate of H. akashiwo was markedly enhanced after the treatment with antibiotics.
These results suggest that the associated bacteria might competitively suppress the growth of .
akashiwo. However, no significant differences in the rate of superoxide anion generation were
observed between antibiotics treated and untreated H. akashiwo. Furthermore, the rate of
superoxide anion generation by H. akashiwo strain (NIES-6), which was obtained from National
Institute for Environmental Studies, Environmental Agency, and cultured under artificial condi-
tions for more than 10 years, was almost same to our freshly isolated H. akshiwo strain, Qur
results suggest that long term culture under the artificial conditions dose not affect the ability
of H. akashiwo to produce superoxide anion, and superoxide anion generated by this plankton
may play a important role in its own growth rather than defense against invasion of bacteria.

Key Words: N7 W ¥ 7% - 79 % Heterosigma akashiwo, A—73—4 ¥4 1 ¥ superoxide anion,
L8584 chemiluminescence, 5 7 Isahaya Bay, &&732 711 7 Associated bacteria,
WREPE growth rate
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EDTA-Mn®*", %610 & o TR Bl & o L 2275
T, pH8.2, 26T, )'I'JJ[’E‘.H‘W"C“M%Q[ L, 4x10° cells/ml##
W B, 74—V FIZBWTIE, #H0 S EICHT TN
ik~ SN O B 2 O S HER S & o TR S A L, Al
BREAS10° cells/ml& il 2 B & MO YEIEINE Z 2 BNH D
BEBNTWD, A HAFTITKROUET & & b IS BRI
TAHY, —~Ho~NTFas s «Ci%am g v A PEREKL,
WGl tre B4R, KIRO LR & EBIZHUY A b h oo
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e OKREBEEFMT AL LTRETH S,

AT Y SIS & B HREIREE S DA EOMFHIME BV
THEELTBY, JHIC10054 R R BEMTLIEIC BT AT 1

S RRME, KSR b0 Lize AT R Y YOI
R LTI ST R4 RS S T & 7205,
RIZEBMERLICE > TV,
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59, SRHE RS CIRE, C marina®FHERFEE
BN OV TR 4 OB 2T T he SNETIIZEICH]
WTELTT 2 b BRIZ19854E 12T R ;b}l’fﬁat‘??é ENszi vy
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Schreiber modified (ESM) 5y, 26°C, 3000 luxC12IK
RO W, B4 2 L CRREL, TS oM %
FICEBRICHI V72, ESMEABALS & Table 1 1IC/R L7z, %
MIEDTA-Fe*', EDTA-Mn*", vitamin By, biotin% i
AF Y RICHEDPLTBEL LI 2R 1) v PSRN
HI L iR (Table 1)IXRAB LI LA, 20
fhoEFIH AN L, 5 NOHCHUI CTpHB.212 ¥ L /1%,
d—F+27Lb—7 (121C, 20min) 247072 b O &R R
FERICH e ARFEERIZIE, 19THR ISR TRl &2 T2 L

Fo W i S AUHERE S [T BREEF R T HR (NIES-6) K
V200245 12 B TF g2 22 A Bl L/ NI pleCIEIE L 227l 20 &
Bl U7z 28k % W 7ze W7/ N EIR Tl S L BRic o
WTRAMLT M RA Yy ERZYY G EERENL0 4
g L 2ESMES I CEAHES R L2 DIZonTh, A—
78— FA A4 RO R UREERICIE T A B OB 217 -
7o

(2) A=s8—FFH A FOME
AN et 4 FUE, Ik MDY EEA

DAL EEE BB T & 5 2-methyl-6- (p-methoxyphenyl)-3,7-
dihydroimidazo[1,2-alpyrazin-3-one (MCLA, (#k)I5{L
BITE) WAL RRIC L VME LT, WEISE,
14-16 x 10" cells/ml & 7:123-15 x 10 cells/mld~F T ¥
7 W80 1, MCLA1O 1 (FRIEIRSpg/ml) K
U*Phosphate buffer saline (PBS) & AR, ¥R,
125403 7 A=% =~ (MR)IA7H AT ALV ~F ¥
TR Y 8 CIOMMDIENSS — > & B IZ30FY H OF
Wl WE L7z S ORO(BEIEIIRIE D HPBSOH Y 12
A= 8= A A FOYESN REE S T S superoxide
dismutase (SOD, (#k)FIEAIEET3) 10 21 (REREAE200
units/ml) MR 2O ME L LI WAb 0%
A== FA A NI L B 5L Lice &k, Fanxy
I I7 A ARDLImIv A 2 T F 0 — TRz, MCLA

T U 2SO WM RS RIZE L, 5 mM ORI A
35‘5 L -20C Cullgh s L b o &R SRl B e L
TESMTI00f 1AM L 22 b D&M L7z, F72, SODIkM
WPBSICHEM, -80°CIC CH i BTz L, 10 H IR S SR okt
LTl L7,

Table 1. Composition of Erd-Schreiber modified (ESM) culture medium

(mg/l in natural seawater)

NaNO, 120

KHPO, 5

EDTA-Fe* 0.26

EDTA-Mn* 0.33

Vitamin B, 0.1

Vitamin B, 0.01

Biotin 0.001

Txis (hydroxymethyl) aminomethane 1000

The pH of medium was adjusted to pH 8.2 by addition of SN HCI.
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Fig. 1 The effect of antibiotics on the growth of
Heterosigma akashiwo isolated from Isahaya
Bay. Exponentially growing flagellate cells
were inoculated into 50 ml of ESM medium in
a final density of 1000-2000 cells/ml, and cul-
tured at 26C in the presence (@) or absence
(O) of 1004 mg/ml of streptomycin and 100
umg/ml of penicillin under the conditions de-
scribed in the text.
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Fig. 2 Detection of bacteria in the 3-day culture of
Heterosigma akashiwo isolated from Isahaya Bay
in the presence (A) or absence (B) of 100z mg/ml
of streptomycin and 100 mg/ml of penicillin.
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Fig. 3 Localization of associated bacteria in Heterosigma
akashiwo isolated from Isahaya Bay. Numbers
of the bacteria in intact cell suspension, ultra-
sonic ruptured cell suspension, resuspended cell
suspension, and cell-free supernatant prepared
from H. akashiwo were analyzed by colony for-
mation assay using marine agar medium as de-
scribed in the text.
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W3y — kR L (Fig. 4)o FEWM E@m, sl
HIT2SIE & A EI S NG K B o 2 b @ &Ptk R sR s
BOLDIZBNTYH, ZO5RN/T — I EBERo Shh
Mol (Fig.4),

e, HEE200 units/mlOSODHELL T Tid, ThbA
T SRR A ESMES O AR D ISy 2 7T
YUY RFETRT LA, #oT, AFRY 7wl L 55080
TGy MR SRR SRz A -t —F £ 1 I
LB ENTEHE N, T, —mEc e EN D A~
= XA FORERE T % &% 2 5N A8 a0
FECBWTh, I OF L BOMEEIC b 5 313F
—EOEDE LN, FORMIEHIBEREMIZ LA LTy
5 (Fig.5),
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Fig. 4 MCLA-dependent chemiluminescence responses in
Heterosigma akashiwo isolated from Isahaya
Bay and NIES-6 strain, Newly isolated H.
akashiwo from Isahaya Bay was cultured for 3
days in the presence (O, @) or absence (&, A)
of antibiotics (100, g/ml of streptomycin and 1
00 s« g/ml of penicillin), and then subjected to
chemiluminescence assay as described in the
text. ({0, B); H. akashiwo (NIES-6 strain) from
the National Institute for Environmental
Studies, Environmental Agency. After addition
of MCLA (final concentration at 5 p M),
chemiluminescence response of each strain was
measured in the presence (@, A, B) or absence
(O, &, [O) of 200 units/ml of SOD.

z %

W77 27 b A & BIEVERREA S B T A IR O
& LCid19894E, Shimada & 2SHEE L7z, MW OLMUTT
B¢ o Chattonella antiquallF 7 01— 4 CHRICHENH
WHIENLTHL5DTHAH Y, HiblE, O#ILHSOD
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D, FH S OMREEICBVTHC marinall 2\ CREHC
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SODBEMIC & 0 S S WA P EDO A —~8—F F A F
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FAHNBIS BV TR, A—28—F F 4 FRERE s, o
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Fig. 5 Relationship between cell density and chemilumine-
scence response in Heterosigma akashiwo isolated
from Isahaya Bay and NIES-6 strain. H.
akashiwo newly isolated from Isahaya Bay was
cultured for 3 days in the presence (@) or
absence (O) of antibiotics (1004 g/ml of strep-
tomycin and 100z g/ml of penicillin), and then
subjected to chemiluminescence assay at the
indicated cell density. H. akashiwo (NIES-6
strain) ([J) from the National Institute for
Environmental Studies, Environmental Agency
was also subjected to chemiluminescence assay.
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