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It is well known that red tide outbreaks are ultimately caused by eutrophication linked to
pollution and human changes. Several physical factors such as temperature, salinity,
waves depending on the season and sea areas are also involved in the outbreaks. The
mechanism of algal red tide outbreaks is so complex that forecasting the occurrence of a
harmful algal bloom is not yet possible.  One major reason for this is that an algal growth
is usually associated with other microorganisms such as viruses or bacteria. In recent
years, many studies have been conducted on algal-viral or algal-bacterial interactions, and it
is found that algicidal viruses and algicidal bacteria are widely distributed in eutrophic lakes
or coastal waters and that their abundance is correlated well with that of red tide causing
algae. These results suggest the possibility that algicidal microorganisms contribute to the
disintegration of red tides. The prevention of harmful algal red tides by using algicidal
microorganisms originally isolated from natural coastal waters as a bioremediator is thought
to be a useful technique, because it is expected that these microorganisms hardly disturb the
ecological balance of the natural environment. However, it has been very difficult to find
an effective way to apply such microorganisms in an open system, e.g., a marine
environment. It is necessary to elucidate the ecology of algicidal microorganisms to
establish effective application methods based on their ecology.

Key words: red tides, algicidal microoganisms, bioremediation
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1. RBEUAIVA

KT D BEBRET DT /77— VI 5M%EIL Safferman & Morrisd &> TH® 5N, |
Lyngbya &, Plectonema & & Phrmidium J@IZBH Y % Podoviride # Cyanopodovirus J& D LPP-1 %
LPP-29, Synechococcus J& & Microcystis J& \ZB#RS 5 SM 2/ )\Vy—7 7, Anacystis J& & Synechococcus
BICEHET S AS J)V—7 9, Anabaenal®L Nostoc BIIBEHRTZ A JIN—7, NI —TBLUKAN
TN—T 92 ENpEEI Nz,

—%, EEEBROTVANAICONWTIE, £7, EFEMEBRRICL > TRHEEE Gyrodinum
resplendens'», 7V 7 N% Cryptomonas sp., /N7 N# Hymenomonas carterae , 773 ) ¥
Micromonas pusilla\V, #%# Chlorella sp. NC64A1272 & OB OB O L /- I13MREICT 1 IV A
FRBLF (Virus like particles; VLPs) 23HER SNz, ZDIEH, SHIROBEERICONVWTHEHEINT
W5 1319,

INSOHIRETHNT, BECBVWTEBRDO YA IV AR T (VLPs) MNEEEXEET D I &M,
Torrella & Morita!dZ k> THID THEINAZ. LML, HEINEZ &< 10 FMNBERD, Bergh
5 1017 & 5 B HREH W RAFRD 5 D 106~108/mI DU -1 )V AR F OB E /20, Suttle 5 101
BZROWKEZRETDIERXE ST, BREDHDVAINAZRMT DI LITRIIL, 51T, HiE, 7
UTNE, T2 /) BRECERMEEYM TS0 N RBRT B UAINAEHEEL 19, LI, TR
THDHEMTERE Aureococcus anophagefferens'¥, N7 ¥ Emiliania huxley®, Chrysochromulina
spp. 2V, Phaeocystis poucheti??, 77 4 R Heterosigma akashiwo® &GS B T4 IV AMND .%3%
tiiEns.

Bratbak 5 2013, /LU = —ENNVA > OFF 20km D Raunefjorden T < DEIZRBE L 72 AV I A LI
R U E huxleyi TREIOMHEIFIC, KB O VLPs (NAHEH, 180nm &) O} 1~2x1010/ Lk
WWETBHIE, BRUEEARNICHBREZNITELO VLPs BNEEEIMMTHIIEEEE L. <1,
FEHIFEFETL, KBEOZEZEDHETIE, TOVLPs 123 E huxleyi DFEBEEH 25~100%IZ H
U KEF TH > Ey MECHE L7 Brown tide DK A, anophagefferens \Z /&9 % VLPs &
BEZHOE_THEERDOUANATHo7/= 19, ILBREOEFEDERE P. pouchetii \EFT ST
JVA PpV id, ¥ 350~600 TR 12~18h TH > /= 22, Nagasaki 5 25)}31; BTFHEMSEERRIC
Ko THEOILEBICRET 2R H. akashiwo DIEEFFO—EOMBENICEEED VLPs 282 L
Tz TDOHREIL 165~185nm EDEMEZREZTHAET, Fv 7y FRICEFEEOSVWHEBOO
TEFEOTNWS 282, X5I2, DBEL H akashiwo \ZEHRLZTAIIVA (HaV) @14 70— 20,



ZOREABIOT AN A EHERR U T, H akashiwo \ZRERMICEELEN 2, Ins70—-20
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B ENIRE NIz 29,30,

HE, ZORBOMEENEML TEZZDAPDET, £/Z, VM ARKSFRBOBED AN =
ZLEHSIKENTHEN, BE5L, INSTVAINRARBEILTANZAELTAENDEIEENHZHD

LHEEIND,

Table 1.

MR EEDS A1) DR ERHRRE

Microcystis aeruginosa NIES-99 as a host in 1986.4D

Host specificities of cyanobacteria lytic gliding bacteria isolated from Lake Suwa by using

Host organism

Lytic bacteria

LS- LS- LS- LS- LS-

LS-

LS-  IS- LS- LS-

12 13 14 15 16 17 18 19 20 21
Cyanobacteria
Nostocales
Anabaena cylindrica M-1 (IAM) + + * = * = + * + +
A. affinis NIES-72 (Lake Kasumigaura) - - - - - - - - * +
A. variabilis ATCC 29413 - - + + + + - - - +
Cylindrospermum licheniforme ATCC 29412 - - - - - - - - - -
Plectonema boryanum M-101 (IAM) + * + * + + * * + +
Phormidium tenue (Lake Biwa) - - - - - - - - - -
Chroococcales
Synechococcus sp. ATCC 27344 + + + + + + + + + +
Microcystis aeruginosa NIES-99 (Lake Suwa) + + + + + + + + + +
M. aeruginosa NIES-44 (Lake Kasumigaura) - + + + + + + + + +
M. viridis NIES-102 (Lake Kasumigaura) - + + = + + £ + + +
M. viridis NIES-103 (Lake Kasumigaura) + + + + + + + + + +
M. wesenbergii NIES-108 (Lake Kasumigaura) - - + * + - + + - +

Green Algae
Chlorella pyrenoidosa C-28 (IAM)

Chlamydomonas reinhardtii

Bacteria
Escherichia coli IFO 3366
Bacillus subtilis ATCC 6051
B. megaterium ATCC 19213

Micrococcus lysodeiktics ATCC 4698

Results were read after 14 days of incubation.

-, no lysis.

Lytic activity in each test noted as: + , good lysis;

+

-

weak lysis or growth inhibition;
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2. MIEICKBRBOHR
777D LRk, T BERRT HIBEMED

WL, BARTERIITbh TR 31, BEME g @

2 &3 T S HRERIEIL 2 D0 Y 1 I hND, 1D g :

AR S IR TR BB 0T, Bh0 3

| DRAMEAHE T DERIEIC L > TS S HESR e

THHDTHSD, Daft & Stewart 339N ATy bF > " e

R OKDTEKRN S 7 BEL T2 FEEZ R L R WK s}

HIES CP-14RW, &> BICERBML CMT 2517 § |

DHIETH D, 7=, Shilosd A1 R T T OEFEA it

SHMEL I TFERER LRV FP 1ol [

SCOEARBTH o=, —F, KET Stewart & §‘Lm) .
Brown3®®7373# L /= Myxobacter 44 £k, Burnham 5 %. 2

S5 BEL 7= Myxococcus fulvus BG02 #, ZhiZ §

Yamamoto & Suzuki 38 RHMBHMNSDBELE M 3

fulvus S-1-8 WISIACHIRL 72 ) VF— LBOB & B

" »n 2

RSO S MERET B, LU, BEICHD 5BER o ek e &
MBS B I N2 DI, Mitsutani 5 SONEEMMN 5547

N . 1. Seasonal changes of the abundance of
Bt L /= Lysobactersp. LB-1 \RDAFET ST I A UKL cyanobacteria and cyanobacteria lytic microbes

=
(3

N = s < R e s at Yabase station in Southern Lake Biwa in
Y>ons5Fy7—F o0sTHS, FIU% 3 ﬁ@ﬁ?’iﬁi 198539).
HPRII LR WA, $BF O LB-1 #:i3, SRFEEWT (A) cell number of Anabaena solitaria, (B)

T = A E R LTI Anabaena solitaria &2t concentrations of chlorophyll-a and pheo-
= pigment, (C) number of cyanobacteria lytic

Nostocales B DT > BERENITEET 5, —F, microbes
B 5 O Microcystis aeruginosa 7 )v—LDNEFET
DEMEHAD 5 7B U 218 EMEE L, M aeruginosa %2 Chroococcales B0 T » BEKRIITEET S

(Table 1) . BFAAEICBNT, LREWTHOBR/ICH TS VERENEOEEORRE T > BOME &
DRI, MHBIBEBIEHEINLZOT (Fig. ) , B5 < IN5OEEMEN T 280 7))V — L DHEIZE
boTWwaEHEIND, LAL, FEFAHAORDH D, ThbbB, BREERIIBWTINSGHMENT >
BEEET B72DITIE, 106 cells/m /LA L OMEENNIETH DA 4249, BEREHE THIE L2885k
VS EMIE OEEEIZT D 1/100 25 1/1000 LD TEW, &5 <, FEGRICHEND S D EHES
N5, 328, WKEEAKBHERCINT2EEMEOHREIL, Geithert DIFEME Polyangium
parasiticum W X B EDYEHE & Gromov & Kamkaeva 9D Bdellovibrio sp.\Z & % Chlorella vulgaris
DEHDHTH B, |

WPECBT DT BECEREYOREY TS >0 N T HWEMT L ZBE - BBIIDONTE, &<

NS, BFEAYOELELTY 7 ERINTNSEERCREEN LIV IERANR T 2HEN S, M
YOS ORREENHEIN TV, €5 L/ZHT, Baker & Herson® {3#]0 T, HFhEDEHET.
%% Thalassiosira pseudonana DRFERIFEHDIR K HMEFME Pseudomonassp \l X% Z EZHLMNIC
L7z, ZD%, IREO V) —7 1507, BBEHEEERAOEE & U TOERE Chaetoceros calcitrans DYA
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BB EMBE TH D Saprospira spp., Vitreosillasp., Cytophagasp., TV EBHKEED Labyrinthula
Sp.RT A—NIIPPH 2 TNDZEERLZ, INSHENITI DERIIEENOEZOEMICIDD
DThHD, 3B, FREERMEEZAND &, Saprospira spp.id, XTI+, VIWIZI B, U, a-
TN —IVEE, V) OBRBEOHFEETTIIERERL TRSHEHEL, BEEZMATHHEELRV 5,
—7%, FEEEHRICLUZREHEICONTIE, GBS 24, BEEROFRENIFEEL THRWERH
BOBLEN SR ERLRE T SMEZBEL, Vibrio algoinfestus EMEG LI=DONBRITH S, Lh
Liahis, ZOMENEET SEAYE (DG OFMITHLSMIEInN TN, FEOMEEKIE, LIZL
FRIICRMICEZ 5, 6k, PRICELD EINTVERBEROEESY, MEDORBIERICLS &
DRIEDD LIC, BHKETORFEFEL LT, T2 EM5 7 REB IO 1 KEPFERIC & > TR
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Fig. 2. Fluctuations in densities of Heterosigma akashiwo (O), H-killers (@, algicidal microorganisms
against H. akashiwo) and C-killers (M, algicidal microorganisms against Chattonella antiqua) in
the waters collected at (a) St. 1 in northern Hiroshima Bay from 28 May to 31 August in 1992 and at
(b) St. M from 3 June to 8 July in 199362,
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B AN AOMENBD SN, TOME, BY tong[  Skelmems cosaum Chacoverss spp. 108
. \ \ , o st.23 nyy —
P 59, FSIES 5456 & {8 DN 575970 & Z N ENiE A

100 A

% Gymnodinium mikimotoi 3T HHE N,
JLEE co60 LG e 0N S T T 0 FEE H
akashiwo & Chattonella antiqua %38 DHE DY,
HHE 4867, =L 693 LTV R BE 41507 S B
ERETOSMEN SR B E N

JREBICBT B 1992 FE0 5 4 FFD H. akashiwo

FREORE - WHRBEOBRIIEDE, FEMORE m°%%frmm“ Cracocamsopy |
WS T H akashiwo 3BT 2IEENHEML, RSN ALY

100 &

Chl.a (449//) and Settling volume (m//m3)

FEIOHBERICRERIGELRE (Fig.2) . —H, €D
B, ACS 74 RETHINRBEHKRLEN>
7z C. antiqua 3BT HMEITONTIE, ZOEMN
WD TAR<, REMEOHBIIRE OFRE DOHB
CEBCHEBLTWSZENEEINZ62 63, T 5

Number of diatom lytic microbes (pfu/mj)

Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Jan. Jan. Feb.Feb.

12, FOBRBTHEEIN-REBEHE 223 %D 16S 28 12 22 20 26 21 20 18 24 31 7 15

rDNA @ RFLP (restriction fragment length Sampling Date
polymorphism) N¥—> % 3FDHIIREERICL > T Fig. 3. Changes of the abundance of algae
AL E UKL TELT 1T AT BN 20 and diatom lytic microbes at stations 23

and 30 during sampling period form June,
N, FEIEERIZE3 BoURyY4 7 B,C,D) M 1994 to February, 199543,

BHTHok, COBMEKBIEICBNTHRKT O, concentration of chlorophyll-a in

surface water; @, concentration of
Holz, BB, ZOURYATInwInsy-yor chlorophyll-a in bottom water; A, settling
FNTFY TRICET BEETH > 7= 69, volume; [0, number of diatom Ilytic

microbes in surface water; M, number of
BB NTS G mikimotor FREIDEBERFICH diatom lytic microbes in bottom water;

3B G mikimotor R BIE O BN E X N -5, arrow indicates .the occurrence of 'red tide
by diatoms and its dominant species.

SEELT=RBEME O THROEENELN > 2 E401
BRIZ Alteromonas BB HHETH oIz, iz, E401 KOS T 2RBWEL, 5 NI R
T, G. mikimotoi DBERE/ZIEEFDBERBROBEETITBNWTOAEEEIN, G. mikimotoi 73 E DR
EROHERBEL T2 59, |

FRWICHT HER S costatum DR & S. costatum FEME ORI b EEBREBRIVER I N TN S,
Thabt, EED S costatum FREIDOFRERITIX S, costatum FREEMEN 3.8x104m] ML /=48, &
Z(D Chaetoceros spp.75 E DEBRFRBDOFRAERITIL, S costatum FHREBEMET 103mILL FTH - 7= (Fig.
3) ¥, INLOHKREIL, BEBOFRFRIIREOREMEAEML, FFDOHEBEITED > TWHATHE
HERENEERLTND., BERHEZRETOMEDD S, LDDIFEREOEN A25 KBX T A28
WIS Pseudoalteromonas BTdH D7z,

Z DX D IRIREIEEE O & RS OBMOHBIBIRIL, AR D T & EREME DOHE L FERIC,
EBWICEDOMEN D 5. EREEDORBRETEIIRET 5 ITHESTMERITEAMEZ DK 10~
100 BELETHZITHNPOST, REBIBIEBETIE, BTERAMBEIIN T 2R BEMHEK ORI S 1/10
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~1/100 LHDTH72N 18559, B5 <, FEIEICHENSSHOLMESI NS, ThabE, EEER<
R, BREFSERICHEETERNWI ENS, B, BEKEE GHRITIIMPN R) BV SNS,
Liedt> T, HBEORICRERE DT, BEEITHHME, ?ﬁﬁ@%’ﬁﬁ’i‘ﬁﬁ@"%ﬂ%ﬁﬁﬁ?é
ATREHEATR WY 69, 2070, BN LORBEBHERNDR 25 L#EEIND, SREFHIAICERS
ITRBBETH S,

TR ERETSMEML, WFEICEEL, REORELEBITHEML, HDREITEL - ETH
BEAZRIZTHOLHEIND, RPFREEABNTHHETH2DI120F, £9, REMEOERE R
OHIEEMRIAT D ZENERTH A D, HRD I ERS, UHRHBEEERNREL, LrbiEick
S  REREEZF DOMEZZERL, HEOREITHEBBZHONTTHIIENEELL, ZDLI%R
HEOHEAERICL > T, WD K D RHKRENE OREICB VT 2R/ REBRRER OBRRADED,
PIT< b0 EEbN S, |

LREDRBIC K B RBORKIEDIED, FEBROKIEMRERZHEIET 5HEOHIEDITHONTNS,
RS MRS TR > TIRIRMRE R L, BEOFBEKROI —FREalL—Taleird, L
2o T, Mk > T A MEREBEET 2 Z &1L, AWHTANIFREREMIEOERZHETHS
9. Sawayama b B I NRILTE, 2BBEOMEN S &4 1BEOHEEAHENE 2 BB L2, ¥
IKD 5 53 B S N7z Bacillus brevis NTANRDEAT SHEMEIISTRT54DF Y IRTF R (BiERE)
T, A. catenellaDHE5 %64 MOBRETHEL /=, BEFEMDAlteromonas sp. MB1WEAE T S HEYE
L7 F U HEEE (700Da)T, A. catenellaD#EE%0.0007% CT2ICHIELZ, ZOXI BRI A MY
FREMIET 258iE, BHIMICIIER A LRI NS L, BEOHEIRRN,
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