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PEBIL, DPRVIHAIATEREZLLND,
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AR EPBE, EE, 0k D REmEN
OO & DT D HHIBEE & M & oA
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DT EPAENCENRDDHD (Riquelme ef
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ZLC, REEEOSICIIEMBRBICA
o0 B MEMBIEDE X ik, KBIEREE
EBWTHEATERVME VDB XD
TECWD (A, 19%4a, 1994b; 43, 1994) ,
Bha Ip A S M R TR DREI B R0 O
L ik, BT B A BTV 5 (Stewart and Daft,
1976, 1977 ; ik, 1986, 1988) . i, B
WD T Ne— DY DVEFNC & o THEFRE
B LI e BplbsiESh g (b
&, 1987) o Eiz, HE, RFIEERD LM
FSRE & AR - BN - HOPRE T DSk R
THE A KA E RIS TWS (FH,
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AT, £hba MRAEMRIE) & LOKE
Pz s U a i B B O A BRI RIET i
IOV LRI bRy, 05
—BREL LT, KBTI ENRED
AHAERILOWTH LMD RERH D,

W e & ORI AR 2 BB R RMEIR
EPIEONTHE, ThbdEBEIXER
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Cannon ef al., 1976 ; HifH, 1993) , 7 A—,%
(Yamamoto and Suzuki, 1984) , 544K (Canter
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CHE TS ST 2 BERA AR M 5
W03, Lysobacter B (Shilo, 1970 ; Stewart and
Brown, 1971 ; Daft and Stewart, 1971, 1973) ,
Myxococcus J% (Bumham ef al,, 1981, 1984 ;
Daft et al., 1985 ; (LiZs, 1988 ; Yamamoto and
Suzuki, 1990) , Cyiophaga [ (Stewart and Brown,
1969, 1970) , Flexibacter J& (Gromov et al.,
1972) 2 EOWEMENRE L, BIEMEILD
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HIIZB S LT 5 ATREMEAS R IR & 41T
Do LIPLIRMRL—HT, ZHETICHRE X
TN B BEBR AR M B OB R Ch 5
Im/ %729 10°pfu (plaque forming units) LLF &
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MIB 2B L 7 T 2 a P CIF R Lizge
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FEHZE TR BRI BRFERBR ) oW AT
bileZ &b, Rl TH, Bix iR
VR, B, b U< IR B AR A3,
AARZHORBIHRIZELS SHELTCHWEZ &
B LNl o CT& Iz, Lysobacter J&<°
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B2 RPN BRBARYE GREME & v ) BRER
LI THWBHE L) MBENERE LT
LDEOTHL, THETI, WEME
Cytophaga J& (Imai et al, 1991, 1993 ; #ig,
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DX D REBD T N A OWRIIL, K,
KR, SRR &, WO — ke
PEWCR R RITT LB 2 b DBy - L2
RBEE OB B9, ORI BEIECHE, T
MTI Ly bl OWEREKEL Vo E
PR R EERRFERLL LTI LD
EEZDND, BTN — AOHBEICIT S
BHAEDBEE L THW DO TRV EE X
bhCnb, WA - RET DN
OMMEMOFAEREL ML TRY, +
THMEMEIC T 2 MENL . LLLA
D, BRI EME ORI OV,
ZOHAARBAFEN s a7 4V a BOEH
& EHEEERI Z L (Dafteral, 1975, WA,
1988 ; Yamamoto and Suzuki, 1990) , O E
K RAEAMEWV Z & (Shilo, 1970 ; Daft and
Stewart, 1971 ; |LiA4%, 1988 ; Yamamoto and Suzuki,
1990) 72 EMBMEINTVWEA, EETRIZ
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BEBPIZEL > TMARDIRABITORATNS
D, EOFRENHFEDL LILBETFBMBIT T
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Stewart, 1973 ; Yamamoto and Suzuki, 1977 ;
Burnham et al., 1981, 1984) T&H v, MEPHELHE

DEMEME & O ZFERIZL T, Bl
BN ED L 5 REHT ORI DoMz-o0n
THRET U4 1 T iy (Fraleigh and
Burnham, 1988) , $7z, WEMEOESET S
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AREONFL, BUGTA L BRNERL LS
bbb, HERE TR, EEWE RGN
T A=A RELT, B 1T, EHEEARTEAN
HOBGEREWEL, TOFEHEHLERD
TN A DT ER & OBEMEIZ DV T, 52
WC, MMORBKRECEIRER 6 HHEE L
T T BRI 0D 43 FH S RO MR A OV A 22
R R, En, BonRERE, 2
FUE TR MmO BB CRES LTS
SN & LHRET Ui, SENERBRCR, $9753
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OSHERE R T, 4 W, FME &
BMEDIHEERIZL T, ZThECIIgE
AMEB BN ENTOWRWEROBMNEE] &
M END I DOGEMICHICER LoD, B
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(Safferman and Morris, 1963 ; 1A, 1978) # M
WENRAFT vl BEIs ko T, BEHEV
RO IF AR & IRTER TG I I8 T A R g
HHEORFERENEL, TOFHELH &
W N—ADHR L& HLEMINT S I Lick
2T, ZhbOMBEPERET NV — L OHEBRIC
M LW A REREMIE DWW TEES S & LTz,
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Shimosakamoto St.

Southern
Lake Biwa

Fig. 2-1 Sampling sites in Southern Lake Biwa.
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Fig. 2-2 Sampling sites in Lake Suwa.
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BB UEER

BEEWNCRB VT, 1985058051080
M, Moo Y SR ITol, Wi
BWTEE, 1985 R USCED2 » 4l bic - C
PEEIT -7, 19854FIZIE, 98118, 8K
G105 R DM3EIDEEIT o7z, ERIL,
Ty ua— Py SO, -
¥No.l (Bag-type) BFm 7 =4 —No.5
(Tube-type) & L7z, ¥ m—3%—No.liZ
&, BOFTFRBAEN TN, 19864
1%, SAB10A ORMEHEIOMEEIT 7.,
WA ERE, 7 a—Yx—S O,
Yy =Ty - No3 L UNo6 (WTh b
Tube-type) & L7z,

KIEARIR Y STV CTEAL, B
PRI A B R BRI, B Lt —
ro L= LTBWeyay bIFAEC
100mMRIR LB UTc, FE7z, PAOMBREEHER
Bk, 100mIBORY B nERL, 20l
T 4N Y VIEEESWINEZ CEERTT -
oo 707 4 Aa R x A AFEER AR K
W, UEORY BB L, KIRIIKKE
B IER ORIR D, wm)%mmfﬁmb
BERBERECEANTT I AT v 7 BHRIC
m%mok@%ﬁmbkonfwﬁ/Vw
Y- h KRB LR L RBEEE THL
Y, LlkoERicf Lz,

IS HEOREFEZORE

19854E O FE B K OV 19864E D HRFH W C D i
FIZBWTEE, —ERORKE Whatman GF/C
TN (HE4ATom) THB LD, 90%
(W) D7 rrrE2BWTCTZ a0 il
Lice 7z qiall & 7= A RHEER,
SCOR/UNESCO (1966) D J5#:1z & v JiliE Lz,
IS4EDWFHM COWERILBIZ 707 4
At R OERENINEEIE, A Y o X AEBRA—

FoBFER (BRB, 1985 5 1L, 1985) %
FUM UTe, 328K o O S s o R o0 [R)
BOE ORISR, JeRRBMEL (Nikon
#t, DIAPHOT-TMD) T CH#iT d = &z ko
TIT o7z,

Table 2-1 Composition of CT medium,

Ca(N03)2~4H20 15 mg
KNO; 10 mg
MgSO47H,0 4 mg
Nay-8-glycerophosphate 5 mg
Vitamin B, 1 HE
Vitamin By, 0.01 ug
Biotin 0.01 ug
TAPS" 40 mg
P 1V metal mixture 0.3 m/
Distilled water 99.7 m/
pH 8.2
P IV metal mixture
FeCl3-6H,0 19.6 mg
MnCl;4H,0 3.6 mg
ZnCly 7H,0 2.2 mg,
CoCly-6H,0 04 mg
Na;MoQ,42H,0 025 mg
Na,EDTA-2H,O 100 mg
Distilled water 100 m/

* ¢ N-Tris(hydroxymethyl)methyl-3-
aminopropanesulfonic acid

EEREXEFRZOEBEICHAV:ZERRUVETO
AiTEEE
A, EEWIIC B W ¥ B Anabaena
solitaria, FRHIWNZ BV TILEEBEMicrocystis
aeruginosaB®, EILFENEERIBIE L Tz,
LA LA S, ZiLbIiZoun O sE i s ik
PG O h o Tizdh, 1985FEDEEMW KR U
IRBWTOMECRON L, HEERE LT
HORCRFEICHAMR AR (IAM) ORFFHET
& B MRS D Anabaena cylindrica M-1(1AM)
M:%:Pa Wiz, 19865 DIRFHHCOWAEIZ B
, BUGCON— 2T 5 & MO
“”’;“&3%’:?@ FILHANEE L T NG RRRL &
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SEFERICE LS TCTRRAEREEEICH
Wiea (19854EME) & ¢, BohsEEs
BIRMEAD OBRFERIZEVEALN DN Y
DMIEOVTHRET D BINC, ESBBINE
BT (NIES) ORFHRTH D MR OM
aeruginosa NIES- 99K & 15 EIZ WL, Zhb
fEE ORISR, BN ERCT
(Table 2-1) Z{EMA L, 25°C, 20 uEm™s' (B
Yefa, 4RSI O&MT CESI0EIED
FEE 38 % 1T o T2,

BEREXRTEREICLIEEAHEREDOR
FEOHE

BRSPS AR W B Bk, BRI
Fholob, EbHBEEREKE AT
BRI U, JEIRIE, EP1g2 L, om/
DOWHBEKICER L, ZhiY)—E3s
P (Voltex) Tl LS Lizob#E L,

EBBER - THI0THIRY A& flig Ui,
IIEE DICHERH A CEBAR UL, =
o DOREHZDWT, BHERRK PR E
(Safferman and Morris, 1963 ; IUA, 1978) 1o &
o CHBBMHESED O LT, 2D
WEEFig. 231077, HBEKEARILE BB
W& MSOMER L, 25°C, 20 puEm2s? (B
o, 24BRBRRRSD) O&METC0HEISRE T
AL Fal— bk L7eDh, YR ECEUE
fgpt (F7—2) ##E L, &7
HIRE DRE BRI AE D I K> TR & hiz
LOLBEX, im0 DT B OEE
# plaque forming unit (pfu) & LT#Eb Lz,

1.0 ml 0.1 ml
1
l Jl l 1710 1/10 !
& " e {ater sample
Concen-
tration ‘p-“{—;—- Sediment sample
[ Y 1/10
2.5 ml € i
Host algal culture Host algal CT 0.8% agar Diluted samples of g ml
(CT medium) suspension (470C) water or sediment
J' overlay
light

e —
CT' 1.5% agar
(about 20 ml)

|

— ==
Incubated for two weeks
at 25°C under 2,000 lux

Fig. 2-3 Scheme of double-layered agar technique used for counting or searching algae lytic bacteria,
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%k, OPTIPHOT XF-NT) T CHM#I L7z, XS
WAEET DA O IE ORI L - T,
B, 7 A—AROHRRE R EDRRMAED D
WEEToNl, 77— 0K NE) &
MEVT )77V OEFEERRDRILHAIC
13, Iy ORKE A CHEL,
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Fig. 2-4 Seasonal changes of the abundance of
cyanobacteria and cyanobacteria lytic microbes at
Yabase station in Southern Lake Biwa in 1985, (A)
Cell number of A. solitaria, (B) Concentrations of
chlorophyll-a and pheopigment, (C) Number of
cyanobacteria lytic microbes

BWOEBIRRFERECRL, YT/ 77—V
8D TT—7 OHBOFEE T,

w R

EBMICHIT SEERREMEYOFEMESR
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7 o alt B CUEBRA. solitariaDFIREGS, 8
A TRNHA N CRBIZHEML, 9A5H
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Fig. 2-5 Seasonal changes of the abundance of
cyanobacteria and cyanobacteria lytic microbes at
Shimosakamoto station in Southern Lake Biwa in
1985. (A) Cell number of A. solitaria, (B)
Concentrations of chlorophyll-a and pheopigment,
(C) Number of cyanobacteria lytic microbes
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106pfu/ml K TR 103 ~ 106pfu/m! D FEFH CE @) L
oo TSR P ORISR D B DL T —
Y VIA. solitariaDEE D EN & K< —EL,9
ASRcHFKMEER UL, —%, KEREHO
IR AR B DT R F — 0, RFEAK P
a7 4 NE, 7aAdaERELTA
solitaria BRI DV & b—F Lol
(Fig. 2-4) o TEAERIZBNTH, REKS
DA. solitariaflif¥ & BARMEM A B9
ASBRRE—ZEFRTENVD, RFER L FE
ORERDPE DI, W OB LRI E
RIE P CIIe <, 2h b ORI RAR
FERIBWTH LR L Y biKA o7 (Fig.
2-5) o

BT 2 A TR Oz gy i
F— 2 %Fig. .67 7, £ LTSI —7 &k
ERICRUCBEHMEBRRLILLEZ S, 4
cylindrica f5 3 & U O~ 7o BEBR IR M0 4
BORIFIZ DWW TR, T A3 R REOF
ERDEFHERENIZH OO, MENEENIZ
BE LT,

N

AN B 1 D EEAMRIEMEYOEHES
19854E IC A & 1T o Te3 AR AR
AR A B & SRR BE (K O 25T & Table 2-2
R, RERMAEOIA N B, EFRIZK
FeHe LCWIRBEMEM, aeruginosa® 7 V== I\
FER LA TWeh, RO/ oaz 4
Nalikld66.4~69.7ug/l &, EEHERIE LT
bhol, #0O#sunaT alkld, Tviu
— 9 —No. I TR O T & 4612 & B2
BUIR, oYy —No 5Tk, HEY
BB Lighole, T OMOMMBEEOMBRIC
OV, M. aeruginosadSFEBIRSIZEE 5 LT
Tro 3EBMNTRIZBWT S, 4. eylindrica 16
F & LTV P ORI AE
Brd101~102pfu/mAREE CHE Y BT,
Thoxrryo—Iy—ZBWNWTh, 7
7 4 NalROM. acruginosaDHIBEE & ORI
WL R LI o T, JRIBEE P OB
WAEMERIT101~103pfu/g wet wt.C, 105 121X
RRBAT DM E R LIz,

Table 2-2 Changes of the abundance of cyanobacteria Iytic microbes, the abundance of cyanobacteria and
some environmental factors in Lake Suwa in 1983.

Sampling sites Date Number of plaque forming unit"! Cell number of ~ Concentration of ~ Water pH
(PFUy Microcystis aeruginosa*?  chlorophyll a%2  temperature
{(Enclosure Water Sediment
number) (PFU/ml) (PFU/g wet wt.) (cells/ml) (ug/h) C)

1 11 Sep. 1985 3.0x10! 1.3x105 69.7 24.2 9.7

28 Sep. 1985 1.6x102 7.1x104 45.5 17.8 9.8
5 Oct. 1985 1.7x102 1.5%104 1.7 17.1 ND"

5 11 Sep. 1985 1.1x102 1.7x103 3.4x104 66.4 242 9.3

28 Sep. 1985 8.7x10! 6.7x102 1.0x10% 7.4 17.8 9.1
5 Oct. 1985 1.1x102 5.7x10! 7.8x104 59.7 17.1 ND*3

Lake Suwa 11 Sep. 1985 1.0x10! 6.7x102 ND* ND*3 ND*3 9.5
28 Sep. 1985 6.7x10! 8.7x102 ND*3 ND*3 17.9 8.8
5 Oct. 1985 6.7x10} 1.0x101 ND* ND*3 17.1 ND?

*1: Anabaena cylindrica M-1 (IAM) was used as a host
*2: from routine data (Hayashi, ef al., 1985, in Japanese; Aoyama, 1985, in Japanese)

*3: not determined
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Fig. 2-6 Large plaques formed by cyanobacteria lytic Fig. 2-8 Plaques formed by cyanobacteria lytic gliding

gliding bacteria on a lawn of Anabaena cylindrica bacteria on a lawn of Microcystis aeruginosa NIES-
M-1 (IAM). 99,
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Fig. 2-7 Seasonal changes of the abundance of cyanobacteria lytic microbes in the surface water (O) and on the surface of
sediment (@), and the abundance of chlorophyli-a (A) in the surface water in Mesocosms at Lake Suwa in 1986.

Microcystis aeruginosa strain NIES-99 was used as a host alga.
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BIBERFER LICE LI ST — 7 B BER
IRUBMESIBIE Ui & 2 A, A olindrica’
fEd L UCHH AT BE AR i AR i ORI
DVTHE, T AR ERIREEAN SO &
Nieboo, MESEERICEE L Tn,

19864E I HAE 24T o I3 BRI T DWW
M AED OBRFR EBEEROLED &
Fig. 2-7W0RY, PRAGMEREKPDs a7 ¢
NaB I HECREEMLC8A9RIZE—
74H (2900ug/l) %R L, BEZIZED L,
oy e —No3 R TUNo bl BN T HIE
IEREROD 2 v T 4 fealk ORI R b,
BB O IZ OV T, WTROERIC
BWT b, AHE L RERICM. aeruginosal ™M Sl

Lo T n, M. aeruginosa® 5 & LTI
To R SRR P ORI ES L, suo
7 4 Vvatk & RIS E RVTILUCB W T LA
194z, 104pfumifHEDETCE—2 Lig0, *
OEMEMLIZ a7 4 ViEoERE L —
B LT, EIBERRE P OBMEHEIMED L,
RIFZVSHIIR I — I HER LI, EOE
higgfEAkh L5 L/hEL, 10A25H I
HBOHm 2 EmER L,

19864E DI TR b i WY 72 o/ 5 — 7
#Fig. 2-810RY, 4 U7 T— 7 % B
LIk 2 A, M aeruginosa® TEd: & LCIRA
T BE MR AR O RRE I DWWl RTAE
LRI HESMES LTRY, VYT Ty —
U, T A=ASRUGRIREMR I ShiRdoTc,

B

AFAE T, BEEFICERDO T — L)
R & D EEMMY & IRBHICBVWT, B
WS LAY OB FRR O OFTHED
%, OB EEECHOTHEET > CH
e, TORE, BEBMIZBW LI v— A

IR L C VW7o 4. solitaria & B J& @ A
cylindrica’:, TRAHMNZRBVTIE TV — LIBAL
8 & BFROM. aeruginosa® B EILHWB &, &
BT BB AR AR AR ) O BITE R O F A D)
RO T N A DWHEN R L —E U7 (Figs.
2-4, 2-5&2-7) ,

BRI LRI WT, BT A —
DT A R R PR ME IR AR A DS N % Bl
ZOWTH, ZHETELEEORERS D,
Ay Ty FOWBRIRIIZBWT, B
WAnabaena flos-agquae ¥ 18 FIZ VTS
N REmEmE o FEE, B
Gleotrichia  echinulata ,  Microcystis  sp.,
Aphanizomenon sp.Jx (Rdnabaena circinalis’g: £
DT N B FEAERFIZ T N SRR D FREH I
MR L, OB ARE— it an
T AN DENE B LI EHESNTND
(Daft et al., 1975 ; Stewart and Daft, 1976) .
¥, BAREZBWTY, o #i Tl
Aphanothece nidulans 18 W AVCHEBL 7
AR A O B R O BB, 7
nu g Nkl @E ST
W5 (Yamamoto, 1981) , ZHuexiLC, il
IFWNCIBNT, A, nidulans*PA, cylindrica 153
WV TR L 7o R KR IR P D BE M T
MM OBAFRD, BE O 7 — b O
LD i LAT — LR LT < B
THMULTEZ LW ERKRbBRESNT
U A (AR, 1987, 1988 : 1A S, 1991 ; Yamamoto
et al., 1993) A, AWECTH, EREEICE
WCHEBR D T — D TR I IR M AR B
A0 A EmA R bz (Figs, 2-4 &2-
7 bOO, REKTEED LD RS
BENRhoTe, ZOL) RIEMEOCFEE
U AOITIE, T AR B Y
T, AREL YV EWCEECRELITD
DERHDHIEH D,
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MO T — LRI T B BRI AE
DBFFRIZOWT, ARAECIL19854E9 A58
ICEEBEWIR W O RGBS ORBAKBWT,
B 10%pfumiBh b & v 5 BVER S Hh
7o (Fig. 2-4) o ZORFZEIRKDOHRBRE
L, bR UZBEAKICBWCHLEEHE L
T2 T e 7 DT ¥ Anabaena > R G
LTCLENWS T2 OHEBFTHETH -
Foo FDTDWEWE 2-TRBY, HTLY
10%pfu/ml & W S BT & 5 LIE L0
23, 10°pfu/m/BL EFFAE LT s 2 &) TH
D, WEMEST A= oLk oTELES T
7 PREEAEIEN & BT IES o T MHE D B
Do $oC, IHLVICHA LY T—2 R
BHEMAD X5 RO L I CillE
TEIZ22 > CLE D DT, WHREREOERIIC
BEEPSLETH D, Ehiso, EEHO
THRAE AR CI9864EDIREH M TI1L, B
N B ORTEINIG BN T R B P o Bfir
WA F10* pR/ml D A& —"C & - 7= (Figs.
2-522-7) o ZHETIHE STV DB
B, ARETHELRL LD LD HRREN,
Z =y b7 2 FOMBRlr KM ClE, A, flos-
aquae? 18 WAV TR U Bt fn
DBFRED, Fx OO TN — ABFIRK
10°~10°pfu/m/ & 45 S TW5  (Daft ef dl,
1975) , #7 1#, BREAFWIRC ARG CIIA. nidulans
BRI O TEHEE U B AR M A o
BAF R O R KAE R SG/K HC10°pfu/m/, IR T
10 pfuml D A F— L&A SR TS (1
A, 1981 ; KD, 1988)

AFFIRICIB T, 198548 12 3R 3 i C A
eylindrica B EICAWTMHEEIT o EBAI
i, REKP OB EES I MAED OB R
102~ 10°pfu/ml &, 19864F 1L 7 A— LI LA &
EALDOM. aeruginosa fE EIZAWTIT - 7288
M & LRl L Cl~2— F — BV ERE LR

72 (Table 2-2) , (LA E (1988) &, M. aeruginosa
DTN AP HE DWW W TA
cyiindrical O'A. nidulans D2FL OO R4 18 312
W T BB A OBFREM R, 7
Mo N2 B fl & [E U Chroococcales B
Microcystaceac®t A, nidulans % 15 L2 BTz
HEIA—F—RERNMERG L2 &
ERELTCND, ZhbDOREND, FED
AR DN BE B A A A D B BE O FRAIRIZ K
EREBELEADZEEPALLTHB, o
T, #OFEZAT 5 B, T — AR
CRFOWHREELECHCDZ ENEE L
VY, JEEERAERRDNE DAL KB RIC &
D ENBRETRERE AL, FRERIR VB
RREEEEICAVDILERS DA,

Flo, BRERERETREL LS G-
TSRS A OB — OMRN LA T Lo
LRITN, BAERT Lo, WA
WHBERESN 2055 EFRHIROE Y LS
LT, K Canm—EEs T DA
PHERH Y, WEOSBAEE LTy
IR A B BT 2 BN S
Do APWETIEBEE Y I 79— THHK
WLBE L7208, AR (1988) MBI oL
AT P A P =TI U T 7 D3RR
EHRBLNDEMELTHD I LD, HEB
OHFERIIAMRTCHELONIZELY L EHI
REVWHEELZALND,

WA AR & LU, AR TR
FEAREANERAICEE S LTz, BTV
—AEBER LTV AR RS U< IERE
DEBE & A AN TR U T B R AR
EMOBAFRN 7 v 7 4 Nalee T N— 5T
RAEOBIAFE & — B L EW AT — &R L
el & &, ORI A OB SFEHN
MECh ol L EBXADLYD L, BEW
ORI BERE 7" — L D PR I B3 L7 4
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M FD W EMBEREDS AEAE LT D W RENEDS
RSN D,

~77, MEHHICIRWV T, 198345 & 844F
N TIFbh i Il W T, REAPC
3, BENSEFEO aar VRN
BT A=\, MENLLED /a4
B MICITHE S ZEMRA Ch o bR
HEERTWD (AR, 1987) . F, MWW
DEERAERD PO, T A /S & HIE M E S
LTCEY, MyxococcusfiB® & 5 ia T R4 1E
DA O 5D 2 F A 2B AER A B
DE%~10%TH o7 LWESHLTWS (1Y
A, 1988) . Zo kL, B UERMHHICEY
THIEERPEROB I L - CHER A
A OB EFESORRR - TV D &,
W & R A & O ORI BT, B
DU OB ABERSEFEET W
HEtE &R L,

B2 BAHE L o BRI AR O
SIREERIEIN R OVE 4R
ki3

W&

i

ZHVEC, BEEVARMEM R OE ER R
PRV & i ST & 72 (Shilo, 1970 ; Daft
and Stewart, 1971 ; |L#, 1988 ; Yamamoto and
Suzuki, 1990) o LU HEiHEiT, HEHM
BT M. aeruginosa®d 7 No— K FEHE K
\Z2FBOWERA. cylindrica M-1 (IAM) ®k&EM.
aeruginosa NIES-998E % 18 3212 F U C BE i
WHEMOREFEREEWME LA, T—
AIERHE & R OM. aeruginosa NIES-99%k %
EEICAO BRI 2HT S O BB A R R
MEABREEREZ &, M aeruginosa
NIES-99#k % ¥ fif T % % M A. cylindrica M-1

A

(IAM) Bk g & Wil BRI
HAALTOHATHEMEE R LT D, 22T
AR, ATEICB W RO M A 15 I
VN EEER M & IR & B U 7o 2308k 0 B
PRUSRME W I IS OV T, SRR, BN
B OB o 3 2 Vit & i~ T,

MHEUHZ

EESHREMEOESBR U REMEROR

19854 DEEEEWITRAT W UNIT 198548 L U'864F
oD IR R TN A IR L TR TR A A M A T A BB R
M EL A C ST~ b REEZ AWT
$IE L, ¥ b (Difeo) 0.5%% & {pCTREKHE
1 (Table 2-1) & U< MEVy/288K 5 (Baker's
yeast, 500 mg; CaCl:2H0, 100 mg; agar, 1.5 g;
distilled water, 100 m/; pH 7.2) @ _:IZHEHR Lz,
HAEBRYIET I Sk o Tl O RBEE 1T
ST, A cylindrica 23§ B TR ORERR
ATV, RO &AL Bk & Vy/ 288 K35
ECRAFLR, S5IC, 19844FICHREEWIC
BOWTTFHWELITY, 4. oylindrica® 510
H i BB RER AR B & - CHER MM
Bk (LB-18K) % Bifk U7-, BARE L7 o
SR ORI E R (B9, 1985) &
o TIT ol

BEFRMEORMICAVREY

& EIAW I 1B3FEI6E OBHIEE D 5 b, 4.
solitaria (FEEEWIRE) IR RS ILFED (5
OHRHEE-L2> 5, Phormidium tenue (BEELIHIFEE)
T REBTEARE R OMMEK DB, Chlamydomonas
reinhardtii 137-C-YBRITFR T KB EEE O H
M TN ENITERBICL VR T,
T DAV T RE, TAM, American Type Culture
Collection (ATCC) , NIES K ONBREEHISEHT (IFO)
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DREFRE LN TENRAFE L, ZhboDdb,
A. eylindrica M-1(JAM)#, Synechococcus sp.
ATCC27344%k, Chiorella pyrenvidosa C-28(1AM)
¥R OC. reinhardtii 137-C(-YRE VI 88 5 5 88 #

T, RO ITHERRRTH D, AFRABR OB
Escherichia coli 1FO3366#k, Bacillus subtilis
ATCC6051#k, B. megaterium ATCCI92134k B (8
Micrococeus lysodeiktics ATCC4698FEIZ DV
Ix, IFORUATCCOMRTEMEE TN ENAF L
o

BEDREE

BB DWW T, CTHM % vy, 25°%C,
20uEm™st (BRyefa, 2405MBA) D&M TC
150rpm O Ji [B] 5% 3 # 4T - 7z, # L, C
pyrenoidosalZ-DVNTCEL, CEH (CTE MRS
D5, 40mgDTAPSDL Y IZ50me D Tris% I
ML, pHETSIZHMET B) |, C. reinhardtiilZ >
UNTEE, TAPES L (NHLCI, 40mg; MpSO4-7H,0,
10mg ; CaCly2H,0, Smg ; K,HPO4, 9.4mg
KH,PQu, 6.3mg ; Trace metal II,
acetic acid, 0.lm/ ; Tris, 242mg ; distilled water,
99.8m/) &MV, BEME & ESMET O L,
FHEH L2 DV T, nutrient broth (Difco) % Ay,

1.0m/ ; glacial

30°C, 220rpmDIEEINGR 41T o 72,
BERREORE
A. solitaria% [ < S HHIRER ORI Iz >
T, EOF 2 RS2 BRERK LR -
4 e UJirﬁ!é{&ZS;zlf EREN LA ER
/1 ;%wav/f&””?? 25°C, 20 uE-m*s? (B
Jeth, 24BERRE) DSRMTT C2l G LTz,
BIHEMOF Iz ONWTIL, AH|F 4RI D
JEBICER IR 77— 7 BRENTZ AT
WIRRTENES U &, PR R O 2352 4
WIGERENTARER R ST — 7 BB Eh
T B T IEARTE M b U < BRI S
Bk, I Re{BOLRLEo7Y
ISR L & EnEhHE Lz, 240
A. solitarialZ OWTCIY, EEIER A L CHmn
Lianiosh, & BB ORI EA. solitaria®
BRI HERT L25°C, 20 pEm™s (B,
24 HRST) D&M T MM T 1% L,
ARTEME DA IOV, 2RIk o
HIEAW A YL BB (Nikontt, OPTIPHOT
XE-NT) TCHE L, BWHMRNERICAHS
TV B IRV EIREE S &, BERAN
N DO TRIRILIRZE TRVIRH IR & b~ D

Table 2-3 Origin of cyanobacteria lytic bacteria isolated from Lake Biwa in 1984 and 1985.

Strain number Sampling site Sampling date Source
LB-1 Shimosakamoto May 30, 1984 Water
LB-2 Shimosakamoto July 18, 1985 Water
LB-3 Yabase July 31, 1985 Sediment
LB-4 Yabase August 23, 1985 Water
LB-5 Shimosakamoto October 22, 1985 Sediment
LB-6 Shimosakamoto October 22, 1985 Sediment
LB-7 Shimosakamoto October 22, 1985 Water
LB-8 Yabase October 22, 1985 Water
LB-9 Shimosakamoto October 22, 1985 Water

181



24
&
)

182

MR FE DM o T BB BBV EIRTEME D L
IR EE S Y &, BEROBMHA 2L
Bé’b“i”“"’ BE DM N B 7)5?]“!%@[222:1‘]% LT

& o TP B BIRE e LU & B e HE

o
-0

w R

B U EEAREEE O FEMER
19854EDFEEW COPEIZIBWTIL, 8#KkD
BE WAV ARERN T A BARE L7, B DI 19844
LB U 72 LB-1#E 2 00 X 72 BT OBk D I o0 i
3k % Table 2-31277 9, PEARMEHNE LT E D%
BARCEREBFOOTLAL L EBESh
7o ZAUBIROMEIZ DV THEF OLEFN

o e g = o Fig. 2-9 Swarm colonies of Lysobacter sp. LB-1 on Vy/2
AR % AT AE B % Table 2-41279, 9BRODHM agar medium.

WP b EAOREKAREE T D RIBHE
C, Vy R38R IEAEE Y b CRRI R A D o
v 7 (Fig. 2-9) &F3Z &b, WEMES
Ex BNz, BTH19844E 1 B L /- LB- 18k
(Fig. 2-10) 2o\ Tk, 7 V- a— AL

(Dworkin and Gibson, 1964) {Z & > Tmyxospore
EWRLBRVWI &, HERIRIEIC LTHF3E
W LRV I & R OHPLCH#E (Tamaoka and
Komagata, 1984) 2L BGC-E&EMB6T%TH -

Table 2-4 Some taxonomical characteristics of cyanobacteria lytic bacteria isolated from Lake Biwa in 1984 and 1985.

LB-1 LB-2 LB-3 LB-4 LB-5 LB-6 LB-7 LB-8 LB-9

Gram-stain - - - - - -

Motility Gliding Gliding Gliding Gliding Gliding Gliding Gliding Gliding Gliding
Shape Long rod Long rod Long rod Long rod Longrod Longrod Long rod Long rod Long rod
Size (um) 0.6-08 04-06 0406 04-06 0406 0608 0408 06-08 04-06
x2.4-4.8 x8.0-48 x3.2-4.8 x2.4-3.2 x3.2-48 x4.0-4.8 x3.2-40 x32-64 x2.4-40
Colony celor Yellow Orange Yellow Yellow Yellow Yellow Yellow Yellow Yellow
OF-test
Fermentative + + + + + + + + +
Oxidative - - - - - - - - -
Oxidase - - + - + + + + +

Catalase - - + + + + + - _
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T Z & h B, LysobacterJii (Christensen and
Cook, 1978) &RIZE&hiz,
HREHCORMAEITRB VTR, 198542111
R, 19864FIZIL 10k DR BB AR & 2
EIERE LT, T b OME o Hsk % Table 2-
SR UR2-61TR9, 19854R IO A 11LE R0 H S
H OB & MR 1T - 7003, IR,
WEORRE LE3ELAOOTRN L G B
&N, EEEROBRVBag-type®L & -3
¥ —No.l & B\ CIIEREK R CERRE O
T b b EEES s (Table 2-5) o 19864E1C
VY, M. aeruginosa® 7 Nv— LS HICH o 7
819 B OB D> b WA AT o 72h%, HiIE
L EMRIC R B E A0V Rhb b
BptEh, $lzxo 7 gy —No.3 % UNo.6
WRWTCHE, REAKRCGEERROWT N
BbHEEE N (Table 2-6) o 19854EIZ BipfE L
T LR IZ DWW THET O SRR & i~
WER%E, Table 2-700RY, Zh b OMIER,
WD B B Lok & R, WPh LA
OHEBHEEFDS 7 AEMEORBHE T,
EEBMEATI> O WMEMBE LB X ON

Fig. 2-10 Middle log phase cells of Lysobacter sp. LB-1
from CT liquid medium supplemented with 0.5%
casitone (Difco). Bar=20um

Too 198GHEIZ BARE L7 108K DV T, Wi
AU b B A3 i C o HE[ELHE ) K O Vy/ 298 K AR
B ECOX D I 2 SO B E
HIEE &l S e s, HERRERIAT o Qi
vy,

Table 2-5 Origin of cyanobacteria lytic bacteria isolated from Lake Suwa in 1985.

Strain number Sampling site Sampling date Source
LS-1 Lake Suwa September 11 Sediment
LS-2 Enclosure No.5 September 11 Sediment
LS-3 Enclosure No.1 September 11 Water
LS-4 Enclosure No. 1 September 11 Water
LS-5 Lake Suwa September 11 Water
LS-6 Enclosure No.5 October 5 Sediment
LS-7 Enclosure No.5 October 5 Sediment
L.S-8 Enclosure No.5 October 5 Sediment
LS-9 Enclosure No.5 October 5 Sediment

LS-10 Enclosure No.5 October 5 Water
LS-11 Enclosure No.5 October 5 Water
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EEAREBEOBINRE

198548124, eviindrica M-TAMBEE 1B 5 &
UCEEEWN B HBE U/8BRIC, 1984451017 -
T AR I W ORI & A LT
Lysobacter sp. LB-18 % I Z 7 OBk O HIH
T8 R B & Table 2-81277F, i bidvih
b, fEE%E TeNostocales B DREREIZ &S LTl

WIERTEHE 2 R BRI R b, 7272 L9k
W68k A dnabaena variabilis ATCC 294 138k
LT, E79ka T Plectonema boryanum M-
101JAMBRIZ 3 U CHRIS & R & 2o
7o =, FEEEBEMTHEIT A— L% BN
Ligdrofeds, SISV CRIEEEEFL
FKHGRES BM. aeruginosa’ & L Chroococcales

Table 2-6 Origin of cyanobacteria Iytic bacteria isolated from Lake Suwa in 1986.

Strain number Sampling site Sampling date Source
LS-12 Enclosure No.6 August 19 Water
LS-13 Enclosure No.6 August 19 Water
LS-14 Lake Suwa August 19 Water
LS-15 Lake Suwa August 19 Water
LS-16 Enclosure No.3 August 19 Water
LS-17 Enclosure No.3 August 19 Water
LS-18 Enclosure No.3 August 19 Sediment
LS-19 Enclosure No.3 August 19 Sediment
LS-20 Enclosure No.6 August 19 Sediment
LS-21 Enclosure No.6 August 19 Sediment

Table 2-7 Some taxonomical characteristics of cyanobacteria lytic bacteria isolated from Lake Suwa in 1985,

L5-1 L1S-2 LS-3 LS-4 LS-5 LS-6 LS-7 LS-8 L§-9 LS-10 LS-11
Gram-stain - - - - - - - - - - -
Motility Gliding  Gliding  Gliding ~ Gliding  Gliding  Gliding  Gliding  Gliding  Gliding  Ghding  Gliding
Shape Longrod Longrod Longrod Longrod Longrod Longrod Longrod Longrod Longrod Longrod Longrod
Size (um) 0.8 0.8 0.8 0.8 0204 0406 0608 0406 0608 0608 0406
«4.0-5.6 x4.0-5.6 »3.244.8  x40-7.2 x3.2-48 x4.0-56 x3.2-4.0 x24-32 <24-32 «32-40 =3.2-40

Colony color Yellow  Yellow  Yellow  Yellow  Yellow  Yellow  Yellow  Yellow  Yellow  Yellow  Yellow
OF-test

Fermentative + + + + + + + + + * 4

Oxidative - - S - + - - - - - -
Oxidase + + - + & + - + " - -
Catalase - + - + + + - - - - -

+, positive; *, weakly positive; -, negative
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H OREBEICS LI IEE 2R S ol
LONRE L, IEEP IBRIIM, aeruginosa NIES-99

BRIZXE UC, 3BRDSMicrocystis wesenbergii

NIES-1058R 15t LT & a3 isu i fiia it %
RIS & oin, E B0 e

LT, IR TSI ERE R o7

Dy BOEEENE S U WA TR A R

Lt E -7,

19854124, cylindrica M-1T(IAM)BR & 15 3= &

U CRRRATH 2 & BB U 72 LR O o015 £ 47
Rk, Table2-91C77 9, T bid, FEWN
B U7 Bk & RIBRIC, 18 3% & T Nostocales
H OB U CIRW ISR M & Ry 8l 23
Bbhie, I UIIBRRSERD A variabilis
ATCC 294138RIZ %} LT, 8ERASP. boryanum
M-101(IAMBRIZ St L C 2 U2 R M & 7R

Table 2-8 Host specificities of cyanobacteria Iytic gliding bacteria isolated from Lake Biwa by using Anabaena cylindrica

M-1 (IAM) as a host in 1984 and 1985.

Host organism

Lytic bacteria

LB-1 IB2 1B3 LB4 ILB-5 1B6 LB7 LB-§ [B9
Cyanobacteria
Nostocales

Anabaena cylindrica M-1(1AM) + + + + + + + + +

A. solitaria (Lake Biway* + - + + e - ¢ + 4

A. solitaria NIES-80 (Lake Kasumigaura)* + + + + + + + + +

A. affinis NIES-72 (Lake Kasumigaura) + + o+ + o+ + + + +

A. variabilis ATCC 29413 - + - - + - - - +

Cylindrospermum licheniforme ATCC 29412 4+ o+ + + + + + + +

Plectonema boryanum M-101 (JAM) - - - - - - - - -

Phormidium tenue (Lake Biwa) + + + + 4 4 4+ - +

Chroococcales

Synechococeus sp. ATCC 27344 - - - - - - - - -

Microcystis aeruginosa NIES-99 (Lake Suwa) - - - - - - - -~ “+

M., wesenbergii NIES-105 (Lake Kasumigaura) - - + o+ + +* - - 4
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.  Lytic activity in each test noted as: +, good lysis; =, weak lysis or growth inhibition; -, no lysis

* : These hosts were tested in liquid culture, others were on double layered agar culture,
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Ehphoie, BEOMWMBWIZB WM
aeruginosal’ FEEIMIZEE L Oz b b
4%, M. aeruginosa NIES-998k Iz U TRV Vg
BRI LT b OEBKIC T &9, 2 oh2fk
@ Chroococcales H D BEHEIZ DWW T H 1P 10
BRA3Symechococcus sp. ATCC273448R12% LT,

5

SERAIMicrocystis wesenbergii NIES-1058 12 %}
LCENENBIRENEERE R ole, £
BRI R LT, LIRS T MRS M
7&’7"]““\%5 IRl FVERIEE D U<
FHREEEM AR L E -7

Table 2-9 Host specificities of cyanobacteria lytic gliding bacteria isolated from Lake Suwa by using Anabaena cylindrica

M-1 (IAM) as a host in 1985.

Host organism

Lytic bacteria

LS- LS.~ LS LS LS- LS- LS LS LS LS LS
1 2 3 4 5 6 7 8 9 10 11
Cyanobacteria
Nostocales
Anabaena cylindrica M-1(IAM) + + + + + + + + + + +
A. solitaria (Lake Biwa)* + + + + + + + + + + +
A. solitaria NIES-80 (Lake Kasumigaura)* . + + + + + + + + + +
A. affinis NIES-72 (Lake Kasumigaura) + + + + + + + + + + +
A. variabilis ATCC 29413 - + - - + - + - + + +
Cylindrospernnom licheniforme ATCC 29412 + + + + + + + - + + +
Plectonema boryanum M-101 (1AM) + - - + - - + - - - -
Phormidium tenue (Lake Biwa) + + + * + + + + + + +
Chroococcales
Synechococcus sp. ATCC 27344 - - - + - - - - - - -
Microcystis aeruginosa NIES-99 (Lake Suwa) - - - - - - - - + 4+ +
M. wesenbergii NIES-105 (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. Lytic activity in each test noted as: +, good lysis; £, weak lysis or growth inhibition; -, no

fysis.

* : These hosts were tested in liquid culture, others were on double layered agar culture,
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19864E M. aeruginosa NIES-99#k% 153 &
U CRRAG I b BB U 72 10Bk 0 I8 oD 18 4%
% Table 2-1012779, T biITWhb,
AW IBT D T N— K IERAL & RFEOM.
aeruginosa NIES-99#k % & ¢ Chroococcales H

BEBEIZ S U OO IS M 2 R M3 R b
Wiz, 772 LM, wesenbergii NIES-1058R1Z%) L
THE, LORR PR IR RIEME 2R S I o Tz,
Nostocales H DEERIZ OVNTIL, MRS M4 7%
ERDotehy, BOWEIEMED U iR

Table 2-10 Host specificities of cyanobacteria lytic gliding bacteria isolated from Lake Suwa by using Microcystis

aeruginosa NIES-99 as a host in 1986.

Host organism

Lytic bacteria

LS~  LS- - L$ LS 18 LS~ LS 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 - - + + + + - - - +

Cylindrospernum 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 WIES-44 (Lake Kasumigaura) - + + + + + + + + +

M. viridis NIES-102 (Lake Kasumigaura) - + + + + + + + + +

M. viridis NIES-103 {Lake Kasumigaura) + + + + + o+ + + 4 +

M. wesenbergii NIES-108 (Lake Kasumigaura) ~ - o4 & + - 4 + - -
Green Algae

Chiorella pyrenoidosa C-28 (1AM) - - - - - - - - - -

Chlamydomonas reinhardtii - - - - - - - - - -
Bacteria

Escherichia coli IFO 3366 - - - - - - - - - -

Bacillus subtilis ATCC 6051 - - - - - - - - - -

B. megaterium ATCC 19213 - - - - - - - - - -

Micrococeus lysodeiktics ATCC 4698 - - - - - - - - - -

Results were read after 14 days of incubation.  Lytic activity in cach test noted as: + , good lysis; =, weak lysis or growth inhibition; ~ , no

lysis.
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FEEMEETR LB E L bONE L, 4
variabilis ATCC 294138RIZ%E L C LOBK SR A3,
P. boryanum M-101JAMEEIZ 6L C LOBE 64k
MENENIRNEIRIEMEZ R Lz s
ol MR OHMIBEICH LT, 1084TR
BIRTEE R R E ol

5 B

AWAEILBNC, BEEXERLICT S —
EIR LI AR ZOREBHECH
FHL b O O FEERMIR B =T &
oA, HEEL 2 ToRSEEET LR L
e Db B & FE S, IREAICIE
AHRAE & [ U 19854 & 864E 1T 1l o o 'C“ﬁ‘
bihviiiEck T, KEREAOHELL
PG OFEREREEMIX, Myxococcus fidvus
B &I D FEMEE T D Myxococcus
WEMBCL T EHEERLTWS
(Yamamoto and Suzuki, 1990) . FEEEW K O
M T B R B R BRI AL, W

7
v,

EHETHD EEZLND,
e, REsKIRD & BARE X 7o RE SR A M 1

A IE RS EN W ISR E <
RENTE %, Nostocales H BESEP. boryamum %
FEEICHWTA R F o ORI b B S
#1772 Myxobacter (Lysobacter sp.) FP-18k 1L

Nostocales F ¥, Chroococcales H S 3, #ki
BOT T LREMEZERL, 77 DB
WEBM Lishole L& ST S (Shilo,
1970) . Nostocales B B#iNostoc ellipsosporum,
Anabaena catenula, Phormidium foveolarum B
A. flos-aquae TN ENEEICHNT A=y B
Z v ROWHED> b B X - Myxobacter (GRAE
tdLysobacter sp.) CP-1~CP-4#, Nostocales
H#E¥E, Chroococcales Hl BEME K U8 T LB -

FEMEIBE 2 B L G S Tnd (Daft

=

and Stewart, 1971, 1973) ., BREHFIAODECIED G
HARE X = Myxococeus fulvus S-1-88k1%, 75
ABPE - PRI CRRBE L IR CE o e
2%, Nostocales H B UtChroococcales B D BEHEIZ
DOWTCHE, RERIZHOEWT o E LIS
Lz & & T3 (1A, 1988 ; Yamamoto
and Suzuki, 1990) . AFWEIZBWCHEESh
LM ENEI, ShboWE L
R0 LB RIEE R LS, bbb
M. aeruginosa 18 A VS CHAEE U 7= oAt
HITBE 1 Chroococeales B ODREBC R LT, $/24.
eyvlindrica’ 18 WV C BBE U 7 IS At
FNostocales H OBEHEIZ R LT, K4 REZN
Tt B R R R HA R b (Tables
2-8~2-10) , 7272 L, Nostocales H OHEHED P
T, A. variabilis & P. boryanum!Z -5 T4
HERmRENRELRL, Thbb, M
aeruginosa? & A W CHLBE U 22 M o v
RSB, A cylindrica’s 1531 AV T B
UM IS S R WIERE ) o, &
OFEOUEHNL, AP Lo CEE SR
%’J?ﬁf’ifﬂvf\’ﬁ@ﬁﬁ Ep DINARE OREEDS,

W T2 th D Nostocales Bl O BERE & 1300 R
/BT v, e L AChroococcales B (OBEFR D E I IT
WD h LIV,

UEDOFERN G, HEW RO CI,
BT A L OB, 70— KTERALIC
'F«r*%ﬁ*ﬂ&i”?ﬁfﬁﬁ?’“ﬁz’éf,’ﬁ’)?‘%i‘ém%ﬁf%ﬁﬂ L

LoD EBLLN, W, HERE
?a&ﬁ7»w WARTE LT B & RO iR
IO TELE L QW D AR R S D,

—, BEREOSCIT I AL o BB
WA T DAY REEEFEREO TV —
LADOPBRICHACE RV E VDI B ZRHT
ETWD (EFH, 199 ; FHH, 1994) , %4
WEEELKEPICRET D 85E, T—aE
FRFE~DIRE ST iR - B RHs MR



TR R O BRI 4313 B BT A R M L2 B B A AR AR AT IR

REND, 77 77— VITHME LD bR
PRV (Daft er o, 1970) Z EMEnbHT
BY, BAEDBRERE LTHETHHN, F—
Hy b ERBEER T 7 VIR B
LRSS LT LED Z L ME L
B2 A D, Cannon S (1976) %°Burnet & (1981)
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T B &, BHMRT 7 VI B EE B
WSR2 2 E2m Ui, BTN, BEM
MR ORI BB E, 77—V OoRE
EPBTFD Lo THBERDbDLEE L
HILTW3 (Padanetal, 1967) , HIBEEIZ-DW
THE, ZOERBSEIM & 4 TRT LI
BERIC L D HRBE DI IRIC L B &4duid, i
PER OB E W S R IRAR Z v iz v
LBbh5, ARECBNCELRE LY R
PEBR R ME S SR 2 RO, A
BIEL UTOFHABHIRTE 20 TRV
A5
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4 5 B RIS IREE SR Doy BIERS
%

&

i

TSR IA AR 1 B I DS REBE 7 L — A DT IR
KEELTWDINE I EFT 27D
X, BRI e b OB R O
LM S, TN OB OBBREMREL:ED X
ESEDOWTHEDLENRHD, L L)
b, WIRISAREIEORE T H DB EIA Y
BIZ2OWTHE, M %38 A Y F—
DIEHR RN D EOWENREENTHS
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MHEES N TRE LY, HHbRRE R4

bR BV, AEHCRBW TR, BEWR W
2B EEEX L Nostocales B OB LT
o SR P T TS TS A % 7% 9 WS VR VA A 7 0 1
Lysobacter sp, LB-1 #EA3 MU BEAE 5 T
IR O Sy PR B R T2,

MHRURFZE

ERRREEE

TSR MEAN T L2 1L, 1984 42 5 A 30 HIZEE
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7o
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ERRREEORE

BEWE O ARRE % 0 &< SR OM A s
L, EEHLHI MR RIC T 5 REME &
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& RFNHET U U A (SDSHEHC
INEALEE Uz, CT ¥pH% AV CE R # g ol
L OBiELBE (8,000rpmxSmin) &L o
THDT A, cylindrica DEAEH . 4%SDS %8
te 20mM b U X /HERERRAEIE (pH 8.5) I1H&
WL, 100°CT 30 RMMEBVLEE LT, =|IRE
THRBH LIzDB, SDS k< BT, #
WhkKEDRA A RICRR L, 80508
(8,000rpmx5min) 12 2 D PRI S W HEREEMD
B LT, 6 BoEoDL, Rk L7 SDS
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1.0 22 KD LI bR UK E L
Too BEBVSIE tml 12 UCREHE 0.05ml N %,
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3°CD Y g F R AHIC 10 SIS S
fro 10 RHZEE % 0.001 WO ERB X574
ﬁ‘%% 1 uﬂlt & 1/7‘:':0

FaF7—EEEORNE
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URT QUi b IARY i WAV =N S | o e
AN Uiz, BEEET >t = w7 A% 80%8
FNCELIZ0h, #iRE b, —RikiE Lk,
PR, dEnE Lol (13,000rpm) 18D LK
D, 5% J U Eu—ARO0IM BT b
U aEET20mM kYU X HEBEE (pH
8.0) (CHHAE Uiz, Rtk oMmH & s 0oyt
(8,000rpmx 10min)iZ J » THRE L=, 100
HRORBERICR UC— BB L, HEE#
e L,

(3) Q-Sepharose Fast Flow f& # 3o 0

RIS T4—

B L 7 fHEE S I oW T, Q-Sepharose
Fast Flow (7 7 Ve U THE) A v A5 v
% NS T T 4 — & T oo, WIMFRIEIZIE 5%
ZUka—LRT 0IM BT Y U aRE
i 20mM b Y R HERERERE (pH 8.0) &M
VY, EHUIEEAE T B Y U AR LD BEER
HEIC L 0T o0, Ay FERNIT 40m/
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(pH 6.8) # 1 OBAETRAL, T2ZUTIFK
BN Uz, RO S =25 750 PAG
Fl—k 415 FE—LFEERE) 20, ®
BHRIRGE 2, 5, RO 10p & Ulz, vkEhEE
WX 0.192M 7Y 2 /0.025M b U X468
% (pH 8.4) # M iz, R TH, 7—<
Y=Y YT h T A G250 PefAiEIZ LY,
BT 1 B & T H R E T oTe Db,
BMERICLVEE RNy 2 T FEL
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Fig. 2-11 Cyanobacteria lytic activity of extracellular
enzyme excreted from Lysobacter sp. LB-1 during
the incubation for 40 hours,
®, ODG660nm; A, Cyanobacteria lytic activity;, ¢,
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Fig. 2-12  Ion exchange chromatograph profile of active fraction form Q Sepharose FF on Mono S, eluted
with linear gradient of 0-0.2M NaCl in 5mM citrate buffer containing 5% glycerol (pt 5.0).
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Fig. 2-13 Hydrophobic chromatograph profile of active fraction (A1) form Mono S on Phenyl-Superose, eluted with linear
gradient of 1.2-0M ammonium sulfate (0-10% ethylene glycol) in 5mM citrate buffer (pH 5.0).

, Optical density at 280nm;, @———®, Protease activity, ---------+- , Concentration of ammonium sulfate
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Fig. 2-14 Jon exchange chromatograph profile of active fraction (A2) form Phenyl-Superose on
Mono S, eluted with linear gradient of 0-0.1M NaCl in 5mM citrate buffer containing 5%

glycerol (pH 5.0).
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Fig. 2-15 Gel chromatograph profile of active fraction
from Mono S (A3) on Superose 6, eluted with 20mM
citrate buffer containing 5% glycerol and 0.2M NaCl
(pH 5.0).
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Table 2-11 Purification chart of protease from the culture fluid of Lysobacter sp. LB-1.

Purification step Total Total Total Specific Purification Recovery
volume protein activity activity factor
(m/) (mg) (units) (units/mg (fold) (%)
protein)

Culture fluid 5,000 4,500 6.0 x 10° 1.3 x 10° 1 100
Salting-out (ammenium sulfate) 74 260 5.0 x 10° 2.0 % 10 15 84
Q Sepharose Fast Flow 63 75 3.1 x 108 4.1 x 10 32 52
Mono § (first) 48 59 2.1 % 10° 3.6 % 10 28 35
Phenyl Superose 24 24 9.1x10° 3.8 % 104 29 15
Mono 8 (second) 4 5.5 2.4 x10° 4.4 % 10° 34 4.0
Superose 6 8 5.1 2.4 x 10° 4.7 x 10* 36 4.0
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Estimation of molecular weight of purified enzyme.
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Fig. 2-18 Cyanobacteria lytic activity of purified enzyme
against SDS boiled cell of Anabaena eylindrica M-1
(IAM).
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Fig. 2-19  Effects of temperature and pH. (A): Effect of temperature on the protease activity of purified enzyme,
(B): Effect of pH on the protease activity of purified enzyme.
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Table 2-12 Effect of inhibitors on the activity of purified enzyme.

Inhibitor Concentration Relative activity
(%)
None 100
EDTA™ 5mM 94
PMSF™ 5mM 32
Antipain 2ug/mi 76
Pepstatin 2ug/ml 101
Leupeptin 2ug/ml 102
Phosphoramidon 2ug/ml 113

*1 : Ethylenediaminetetraacetic acid
*2 : Phenylmethylsulfonyl fluoride
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(B)

Fig. 2-20 Lysis of a trichome of Anabaena cylindrica M-1(IAM) by Lysobacter sp. LB-1. Bar=20um.
(A) A partially lyzed trichome of A. ¢ylindrica appeared in coculture.
(B) Several cells of A. eylindrica were disjointed from the trichome within one hour of observation
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Fig. 2-21 Green clumps appeared in coculture. Bar=20um.
(A) A small clump consisted of several cells of Anabaena eyiindrica M-1(JAM).
(B) A small clump produced on a short trichome of A. eyiindrica.
(C) A large and irregular clump consisted of a large nuinber of partially lyzed cell of A. ¢ylindrica and a
entrapped and partially lyzed trichome of A. eylindrica on the surface of the clump.
(D) A clump contacting with another one by means of bundle like structure.
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Fig. 2-22 Necessity of cell-to-cell contact for the lysis of Anabaena cylindrica M-1 (IAM)
by Lysobacter sp. LB-1. Three pieces of MILLICELL (MILLIPORE Itd., 12mm
diameter) were set in three sterilized 35mm diameter petri dishes (C, D and E) ,
respectively. Inside of MILLICELL was filled with 0.3m/ of diluted culture (cell density
was 1.3x10%ells/ml) of A. cylindrica M-1 (JAM), Outside of MILLICELL was filled
with 3.7m/ of CT medium. Other two petri dishies (A and B) were filled with 4.0m/ of
diluted culture (cell density was 1x10°cells/mly of A. eylindrica M-1 (IAM). Zero point
zero four m/ of diluted culture (cell density was 1x10%ells/ml) of Lysobacter sp. LB-1
was added 10 A. eylindrica culture in petri dish B, in inside of MILLICELL of petri dish
D, and added to CT medium in outside of MILLICELL of petri dish E, respectively. Two
petri dishes (A and C) were not inoculated with LB-1 for control. Petri dishes were
incubated at 25°C under the fluorescent lump of 35uE-m™s? (12L:12D) for 9 days.
Although A. cylindrica was completely lyzed in petri dishes B and D after 9 days of
incubation, il was not lyzed by LB-1 when separated from bacterium by membrane filter
(petri dish E).
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Fig. 2-23 Effect of the growth phase of Anabaena
evlindrica M-1 (1IAM) on the lysis by Lysobacter
sp. LB-1. Each point indicates the average of the
duplicate.
®, Growth curve of A. eylindrica (not inoculated)
A, Growth curve of A cylindrica (LB-1 is
inoculated at lag phase.)

¢, Growth curve of A. eylindrica (LB-1 is
inoculated at log phase)

@, Growth curve of A. cylindrica (1.B-1 is
inoculated at stationary phase)
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W U798 11 B B ARIC g S h, B9
BEERB LCHERBMORYRRED
Lol (Fig. 2-24) .

FIC, ZHBREPCLB-I R ED LD
WL TCW A ONERND D BT, 4
cylindrica DFFFEBAAERIC LB-1 Ba 01
BEDS 1x10* B 1x10%ells/ml & 725 & 9 12 &R
FhER L, MEOMLBREBE L, £
DFER%, Fig. 2-25 1299,

Ix10%ells/m/ BERR X Cld, 538 10 H B2
NAERIET T 5 &R oRlERA Y
WOTWBONRBER I, B0 RHELs

Inoculation

61

A 2.5x10%olisimf

Optical Density (730nm)

& :25x10%alisim/

0 2 4 6 8 10 12 14 16

incubation time (day)

Fig. 2-24 Effect of the inoculum size of Lysobacter sp.
LB-1 on the lysis of Anabaena cylindrica M-1
(IAM). Fach point indicates the average of the
duplicate.
®, Growth curve of A. eylindrica (not inoculated)

A, Growth curve of A. evlindrica (lnoculum size of
LB-1 is 2.5x10%ells/m/)

¢, Growth curve of 4. eylindrica (Inoculum size of
LB-1 is 2.5x10%ells/m/)
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Fig. 2-25 Growth of Lysobacter sp. LB-1 in the co-
culture with Anabaena cylindrica M-1 (IAM). Each
point indicates the average of the duplicate.
©®, Growth curve of A. eylindrica (not inoculated)
A, Growth curve of A coylindrica (LB-1 is

inoculated)
A, Growth curve of LB-1

WMEolebD &, MEOBEIL,
BHROBHEP2BEENBHIZLW LT,
BREAT WML CREE 4 BRI
10%ells/m/ DF— ' —% BTz, T O%ITHE
WEMET LELOORL ML, #5358
A B0 7.0x10%ells/m/ (238 UTn, 2 OB

HMBOBRMRBIEE S &L EFETRBIZEM
L, #5314 B BIZEE 2.0x10%ells/m/ (238 L
OBLERRIEE IR ole, —F, 1x10%ells/ml #
MR T, BEMoOBEIgE 12 A BRIDT
Esh, 16 BB E AL ORBHMS
W E T, LB-1 BRISEEE 4 A B TRl
JE LT B ZORITZEF KB L R ol (Bl
10 B EICIZeR0md L) o 20RO
MPHERSNAEAHLEOHIE L, BN
BN SERIT B E N7 e T 2x10%ells/m/
OFMEEEICE LT,

LB-1 %D B FEHERIF AL

RIEIZIWC, BEROBMIBREShRN
hH 59, LB-1 BRI 2 HMRET
10%ells/m! DA — & —F TS 5 2 & IR
Ehte, ZOZ b, FEP THEERKPIZ
BENDBRTFRAESD EFM LU -CHEM LY
REM AR L TWD, £2°C, LB-1 #2% A
eylindrica BMRCPHETNZ AR Uiz flast A

Yield of LB-1 (Log no. /m /)
o

€Y modium 4day 8day 12day 18 day

Culture age of A, cylindrica
Fig. 2-26 Growth of Lysobacter sp. LB-1 when

inoculated into culture filtrate of Anabaena
eylindrica M-1 (IAM).
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84 (excreted organic matter ; EOM) ZFIH L
TEOBREE CHMTE IO TR L
Joo #FOFEHR%E, Fig 2-26 1217,

R E UC, CTEHCEERE LK Tl M
Eidhbd MW MmL, K& 6 BRI
3.0x10°cells/m/ DFKHIIRE EICEE LTz, Bl
D4, 8, 12 BU¥ 16 H BRI 2 BER
LK CR, MBERWThoRizBnTb
Bz aHMERL, 8558 6 HEIZER
1.2, 1.6, 1.1 KU1 1x10%ells/m! KAl
o B Lz,

EEOBRERICLIFRERIIHTIREM
DEL

APEE CIB O RN D, THBRH
PTeR%5H< EOM BB LI LKLY
LB-1 BROHFEAMEM LI RBLIZIBW T, 2
B A. eylindrica WEEINIET 5 E TE OEM
BEERZNWZ ERENTL, DI EE, [
BRSO R D BERE R A. eylindrica Willd % T
fECEBVATREM AR LTV, 22T,
STEHAREI D A. cylindrica #IKLAS, LB-1 D
PEAT D MR IERE S o U TR & o
ME S P OWTIRITEIT o2,

Heak 6 B B CoEUERE) L5k 10 B A G
W) O A, eylindrica ORI, LB-1 D
KE AR H v 0 FiliGy & 200 GHITHNE L
TR 7o W TR B SR O AR I & S IR
L, BESEMIansEig L Tun B R
WA TSI T cBlE Lz, 8 3 itk
VW C LB-1 BRSO DRI L o T
BB D AREMARIEEINTWD Z &k
B, AZZERIZIBV T, B U7z LB-1 Protease
AT Tk THNWT, R0 IR
xR, FOREE Fig 227 IR,

EHEH (538 10 B H) OBBMIZICOWT
i, MBS ORI 4 RIS TSR

BB S, W% 24 BERTE 2,
HORIR I SERIZ A Ul 4 OMIMEAN T B I
BICHFELTWABRTFREEEN, £, 1
T ol ol S h o B M OB,
] U L T S 0 & 1 P & 7 s 0 i 34
(36 HE) O ELLERT, W1 X8
INEL I o T, L LARdh, a b
F 2 MU LSRR E SRS, s
HESIIARIShRWb o L HEES I,
—J7, XHEOER (553 6 B E) oMM
[V, MBS ORME 4 R E ISR
WEOHEA—HCHREIRZboD, Z0
BHIROBERLIE & A ST, BNt 32
BERE B IZ B Wb SRR o RBE IR IZR T
Too

I

AR & 2 WML O R OB IEIC o
W, ZRETRLEHOWENR DD, €
Nolzkd &, BREOBERIRE 2 @Y
BB ENTED, 1 DI SR I
BEAR L CHIBEEITO LWV I HDTHY, D1
OUIFEE DS BRI & BT B = & AR <
TR R LR T D L
WO HOTHD, fiFEH DY A 7L LT, Shilo
(1970) 3, Myxobacter (Lysobacter sp.) FP-1 #k
# AT, BEWE P. boryanum W53 B IR O
YE& Y BRI T R L, M 1 Ak
O CEBMEICAT S L, BRI A R
ERBERE LTS, $7z, Daft and Stewart
(1971, 1973) i, Myxobacter (Lysobacter sp.)
CP-1 % FIV TR R TR 2 BT O RE B
R A ORT R BT T CBEL, ®
VI HRE L OB LETCH T ERE L
TWb, —F, hEFOF A7 & LT, Stewart
and Brown (1971) 23, Myxobacter (Lysobacter
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Fig. 2-27 Lysis of stationary phase cells

of Anabaena cylindrica M-1 (IAM) by treatment with partially
purified and concentrated (100-fold) cyanobacteria lytic enzyme excreted into the culture medium of

Lysobacter sp. LB-1. Note that log phase cells of 4. evlindrica is little affected by treatment with enzyme,
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sp.) 44 BRIL, UV F— SEROBE SR &
Rashic i U, WA ISR B LIBT3,

AWFFECIIREBEIEARME W A Lysobacter
sp. LB-1 MR & BEME A, oviindrica & TR L,
PRI DRTFEEMSHE L, %
DOFER, LB-1 BRI LB 4. cylindrica O HIRE
DEMBBBRO X I ICHEES L, EF
LB-1 #RETEEMIZ & o C A, cyiindrica D3RRI
O—EOMIRE HITHEM L, hERRED:
LYW 5 (Fig. 2-20) . ¥XBMESh, WH
B2/ o7z Anabaena FIKBD BT LB-1 #
DNERE L, R 20um BEO/NE R (Fig. 2-
21(A) & (B)) BEREND, ZOBLL, iz
Lo TCEET D (Fig 2-21(D)) T &, KU
DOERENRREE T v LT (Fig. 2-21(C))
IHhERVIALZ LILLoTEDORE SR
REED, BLOEF T LB-1 SRR HTM
L, Zh b0y 2 EsEMEmE (Ko
F 7)) OIERIZ Lo THNED Anabaena
IR B IR E NIRRT 5,

oL E, SIORMCELEL Tk LB-1#K
OHIRNE, % OSiREHE BEE Y oI
TORIGCHUCATEE LCW e, HE NS B
RENZATE T DBEICIE, HIMRSeuREr A B
BB EZ R LTNDE LD THB, HIAIE, LB-1
PREELHEEN X4 FAI AOREIZE
MEEMNFSYE, AFL—HWERELT
JEEEE 217 5 745, BMSI T oL LI
BEEhD, ZhizBLT, WEMEC—
Myxococcus xanthus HSHIIQO SRR %
oLV HHE (Dobson and McCurdy, 1979 ;
Kaiser, 1979) %335, Dobson & (1979) i,
RS CRMEN 7 T v TEBK LT
WO, ZOWEBOWHEITLDDOK EB~T
W5, F7o Kaiser (1979) 13, B2 RE LK
M. xanthus OERKL 7 v v 7 2R, H
T AREIC BT LRP ol LIBRTHD,

LB-1 #RIZ DWW T h, SEHEOMEIL L > TX
TA RH T ARELME L0 & o E
EEEIAH LTODHRENE LN S,
BIRGEBE I, LB-1 #R% Anabaena D
WCHEM L CWABRTZEEBER b 00,
FEARASHE BRAAN NG % TSRS D T o DL BESR
DOPEIPERHATH o7, €T, HEHO
HEMEENDOD BT, LBl K& A
eylindrica % LB 04um DA T VLT 4V H
—CIRTCHEEE L, A oviindrica WBEEN5
NEIPEWILE 2 A, M & RO
2 LERBBED A, cylindrica 3 53% 8 A HIZ
Bftshleolost L, Se i -85e1d 9
HBIZE - Th A eylindricat3 &L BRI S iR
hofe (Fig. 2-22) . #5389 B B ORT LB-
1 BRDMIBBEE R~ THD &,
PR S NIRRT 10%ellsiml O F— 4
—EELTCWEDIR L, AT LT
H T A, cylindrica & ORBEBE T2 KTl
1.6x10%ells/m/ IZHE > Tz, Zd LB-1 #
DML, Fig. 2-26 IR L% S BE®
A. eyiindrica SEIEIE AW LB-1 BREHERR L
TR B DRI Y T 5, LB-1 fRid A 7V
VERIEIR LT & A cylindrica 3D EOM %
FIA LT 10%ells/m! DA &' —F CHIFEC &
TbDeEXBND, TOZ&X, BHITH
BOAum DAVT Lo EBoTHBIZIERL
TWAHZEEBHRLTNWD, Z0Z &idEk,
A. cylindrica DR EBRET 213 EERE OB
B (FaF 7T —E) PR PICEE
LTWanZ &bEHLTWS, ZORRT
1, 10 BOAESE K5 D & LB-1 BRAS A T
VT AN BB LT LE D D, Bk
%9 BT Bk, #oT, LB-1 BRidHe
fik 455 & A cylindrica DR E EIFCE R
WERBE VTNV, DR kLR I

A, eylindrica
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F5 LBMOMRPE LET T2 2 Lk
PTH D,

PLEOFERM S, LB-1 #RISEEHHII Ik
LCHEBEETIFATIERT D LD L S
B, LHLRE, BHOMRREEEAIZ
Lo THWF LB, HBIELILRo i
Hifgz P& LSz L, OO RH
WWEHE U C IR AR LT RT, MBS 1 40
oS- BEMTHEBROMBE B L L
Myxobacter FP-15° CP-1 Bk DA E 1T RE LR
o T, FHREZELRVIRENE L
R L CEBERM L LW BER, K
WMREBENTCHDEN, FTEEEESD
Myxococcus BAHIE B W CRERNICRE S
TV 3, Burnham & (1981, 1984) X7 A U N
BRE AN A AN O AR & BEHEL
Myxococcus xanthus PCO2 ¥k ¥ Myxococcus
Julvus BGO2 #k43, FAFgEICBWCHBEIRE
LB EER L, £ ICHEHE Phormidium
luridum % b v 77 UCEME LT L ~Tw
%, myxobacteria 72 E DOFFEEE WA T B Wk
MEMRES L CERTHIMEE b &,
BABITWS, Dworkin (1973) 1, ¥
IS T B L LI Lo TR VSR
WEAT>TWDLIDOEEEATWSD,
myxobacteria i34 /N7 B, S¥EHE, ~F R
T YN IR EDEST R, MRIMIBIE LT
BT - R LCRIF LT 50T,
EHIRE B R R T &1, SR R g
BERASERZ LA TEBHMAT, LK
LB Bk E O,

B AR ¢ UANBE M 2 R & A ik
2o T, KL &R, BETAESR
WWEHITEEET A2 ENCERVA, B
fREEREDIEB LR W AT, IBEERREETH
% &R 5, Bumham (1981) 13, BEREAR
PEARBEE DS KBt CAERT D72 D D&Mk L L

&

T, ) BEMEEFOBEELWBRTIIL, 2)
EEOEMZ AT 5 0T R RAREER R
BEEMHRT B2 L, 3) WATER R OBERED
FRYEMRTEIE, O32EFFTNE,
AHRICBWTHEEN XL 574, HEBR
LCHERMRE BT 2 A= XL T, B
BEEum 1T BORTEAECHEEE b
Sy LTHEDDZENTE DM, BLOWE
DS ER A & FRBE & B 7o 0 I ISR EESR AS UL K
BPRAZEHEANTHETH DA, £
UL BEES R TV A DI S o
D W LCL BIES T HE % Kk
WLV BRI TE D AT, DKM
EWMLTWHLDEEZELZLND,
ARFIETIE, RIS, BEREHIHC LB-1 Bk &
A. cylindrica % "5 L, BRI YCOME
DETEE — R0 A. eylindrica DEIFBE I 5
R 72 IC oW TR Lz, Z0fER, LB-1
Mk R 2 IR BR8N D A, eylindrica WCHEREL C
b, A cylindrica BEHECELLOBIZED
BB A EMRER (Fig 2-23) . ¥
72, LB-1 #k% 10° B U% 10%ells/m! D34 B &
BB EDENENERLCHREREIT)
&, WTRORMEE CHIE B LSS
2%, A. cylindrica OV 2 ¥ TR
BEOBEMMPEET L, £y A
cylindrica IRREHINITE LTe D BIZE OUSHREN
BZAZENHLNE T (Fig 2-24) . —
75, Burnham & (1981) kI, SR ximRd 2
BEW P luridum L ERRTEMRMEIR EME M
xanthus PCO2 #i% T8 538 U, SEUi o
BIZHIEE % 10%ells/m/ DHIIUEE BECHERE LTz
LA, BEEOBRMETIC 8 B OFHHEM
MRS AE U7z, 10° B UK 10%cells/m/ o> 4044
CHEAR LT AlE, HEMRR LAY 1~2
ARICITEMS B S i Lk _Tn5,



W B O IR B IIRIC 4376 9 5SmSR ATA R AN 1 B9 & A B BT AT

LB-1 kDA, - M. xanthus PCO2 BRD 15
BB LT, ¥ oL ICEVHEL
BET DDA DN, ZDRICDWTHRES
DI, TOHHMFEFIC LB- 1B ED LD
IREIEE TR LTV B ODE R, T OREE,
LB-1 #kid 1x10%ellsim/ OHIMBEIT 25 & 9
R U280, A ovlindrica DURIENTR
BB AR, T8 B8 P C 10%ellsiml 4
= FETCHM L TWB Z ERmRAnLE
(Fig. 2-25) « T &iE, LB-1 #k23 Tarssae
WHRCEEN DB FERABYEFA U
LEmReME 2R LC\WaB, 22T, ZOWH
REMEIZ DWW CHED D D BRYC, Bix Qg
D A. cylindrica DB REIE AT LB-1 BE4
MUK LTc & 25, A. cylindrica OIEH 53
AP EILD LB-1 BPH A & IR
ORI A, eylindrica 0O¥5 Bk & 0
MUTHEE 8 HEWEKERY, To%kiz
RWDT B Ldbhol (Fig.2-26) . Z®
FEERM D, A cylindrica PEETRIC - C, 1536
WA LB-1 BRASFIC& % & 572 EOM %%
HLUTHWDZ LR ENT, A cylindrica D
EOM QEMNINZ 2 h—R L T Va—R%
FERERHE & T B EHER UK Y XTF KT
BB EENTY D (Walsby, 1974a, 194b ; Chérst
and Brzeska, 1978) . $7z, MEBFHTE B
EOM ¥ A. cylindrica DIBIFINZ B &
B EMRBEENTVWS (Chérst and Brzeska,
1978) o TEHEEERET T, LB-1 BRIZZ ok
78 A, eylindrica DS EEFEVT A o T4 2 HH
ERRALUUEM UL LD EEZBNE, ET,
LB-1 8% 536 4 B B D A. cylindrica OB
AR LT 56 O (1.2x10%ells/md)
A3, k% 1x10%cells/m/ ORI B CHERE L 7c
TR CHIE SR 4 B BB
Liciila@ i (Fig 2-25) &IEE—H LT3
&Mk, MBI A, eviindrica YW SR &

Niedb, £9 EOM 0L % FIfH L-CHiE Lk
LHIETCE D, LALARAE LB kOFAT
& % EOM IR T % LB-1 86 % 1.6 x10%ells/m/
BEFCHMSER TR LAKHEEN
T, O VIR RO o FOR T
B &I LT (Fig 2-26) Z & 238, LB-1#48
10%ells/ml DA~ 5 —£ CHRE LTz Db, Vo
TAEFRIEE o720k, EOM 2518 LR
Lk BB CE B,

EOM 72 & OIETFIEA M AR L 7Rk
G, LB-1 #EA3 & BICHIE & 81T 5 72 DIzl
BOFPEBLEEL 25, TOEBECHD
T LB-1 ¥kid 4. eylindrica DR BIRL, %
DFERECTHEEDEFRIH LIZOTHA I,
LinL7eAh, EOM 345 L CHE LI 4.
cylindrica WIS D Z L1374 <, ebkA
HOBEMBLECH Tl b, TOB
RIS DD E o) R B ERMNE bIC
BEBROTRBRVNEZEZBND, AB%ET
X, ZEBRIZBOCYUT A eylindrica BER
WCE LT OBICEINRE /e L b,
ZOE DTV EEEFIH DO TRV,
EEZLN, H 3 TR L DI, LB-1
YE D v h gt CT T 5 &, 5
AN A, eylindrica OOFIIR % IR B &M
EETBHSaT T —ERERMTIOC, o
BEASWDZ T HESERE L Db,
ZAERSHE 6 UV 10 H B D A, cylindrica HI
AR &, OB OEAC 2 5 T B
BET CRREFMIZIE U, TORE, &
(28 10 BE) OMIRIZOWTIE, BiREm
FEROVERIC & o CHERIE D & AR 36D
BT & 24 BRI A AT B 1 B 4T
ShTULEoTeoiznt U, SEONmM (5% 6
HE) o, 32 BRI L RREORES
B oCniz (Fig 2-27) . ZOREIL, A
cylindrica DHINBYLABLRTED B O R E 050
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i

WZIL LBl Bk DELET D S T 7T —EDER%
ZIFK WA, EEMICAD LEREZTR
PLRD I ERFB LTS, 1 g o4
WS EEHOMIE, 12 ACBMSh
TR SUETE DO MG & L RT, oy
AXHPNEL poTRY, MlRER 0T T
—EDERIC L o THEMENTNE EE XD
BN, Yo b7 Moz s h
BholcZ Lipb, MIREEIFERIIIERS
hTwanbo b Bbhd, BloMasE:
7T DR OZ ICIEVWEE R o T
B EENTWD (Drews and Weckesser, 1982)
ST, FBRBETEMEIE OBk L
hotT, a7 7—BilloCHllaizn &
DERLAEEIE S IV TN B DDy, F Fe w4k
W & EFEM oM TR OREE BN B
DDPE D I E DRI DOWTHRE D b8
B b,

PAEORERD G, THEBRIZB T AENE
MOBIEEE L DD &, KDL IIZRD, LB
¥eiL, A, cylindrica DEEFERICEREND &,
FIPEBM OIS o TR &N EOM %
FIA LT 10%ells/ml A — & CHIT 5,
Z D% EOM ZFH LR UL CTROGHEBDIT
FRDBD, A cylindrica DFHITEFR L34
TN L ORI LB-1 BE DA PES 5 1
T TRk B IR E R R ol iz Tk
B CET, LB-1 BROMIEIIEN L EwIRiE
LB, T, A cylindrica ISFEFICA >
THDOEBRENES 2D &, MbOHH
LYV EOMER TP T — ORI
P <RY, BMBIEED, Wol AR
WREVBTREND &, B S ifans
LI LcAR AR Lo H B¢ LB-1
PRI REI L, CO/R L BIRE
DEEIRBERPEE S, TOEAICL T A
eylindrica MARIDBIER L4 E4 1A, Ei%

P

VA LB-1 BROOMTIZ 07243 B &\ ) gAY 72
ER% £, F, B BT 4. eylindrica
DARREE N oLy, HELEREEL
ROTHLEREoTCEDERERRES Y
Do TR, Wol ABHNKER L, B
TSI H#ETT U, A eviindrica 13R85
HRT 5, Tk DL, LB-1 ¥RASE OB
M &R 2100, EEUOBEROAFRE
DB LETHD & ZANE, LB-1 Hith
RAEEIERT B Nostocales B DEERIZH LT,
BRI EEE b oW Z LB T
EDDTHERBRWIEA S h,

W, 0L D TR % R ORI
WEMED, MBIERBNCRETH ERD Y
N DDHEPICEE- L 5 200 E 5 ipic-o0n
C# % CH IV, Fallon and Brock (1979a,
1979b) 1%, 7 AV AERE Y 4 23
DAy =2 IR T, BERERERE o
HAFRD 10cells/m! FEETH B Z & 95, [
B B Microcystis B0 Anabaena JREERED T
Mo BB, BRI O R X
Db, EHAYOEBRREOECIESED
BIEOIE D PEBERREE R LC0 D LfE
WL TW5h, $7z, Fraleich and Burnham (1988)
W, M. fulvus BGO2 Bk % BEBE Nostoc muscorum
B P luridum & ZEEERTH L, WMEAE
5x10%ells/m! LAk o> 43414 O B Wi R
D EBEBOBMBE I B0, FhRMOPM
BT, SR OB\ OEEHCCIIS AR
BRIAE CIIHEMIRS A U, SR yIB IR
WP E - s v b2 AL
oo ZOORERPE, WHIXMEMEIERD
BB &R 29I, i< &b 10%ellsiml
PALEOMEBENLETEH D LFEw L, WE
R THRE ST 5 BERE A 1
DHAFE TS B <10°pfu/m! (Daft er al., 1975)
i, BEOT V- AOBEERMEREB &R



IR R U iR R S35 3 2 BB AR B e B 4 B AR AR R e TS

TR THEHBRORERSTHDB, D
VLA R R R IS ) B RN o0 1% BRI
v ERTHRWOT, EMOBMNME

ST C BGO2 RN EDOIRE ORI
BELTWeOMEbh b, AKPfEo
FHBIZB TS, A cylindrica OEIRH I E
BB R CTO LB-1 BROMMHE BT 10%ells/m/ %
WA TRY, L by FERRITBN
T, BROBRES &R TIC I oBRE
DHEBENLELROTHA D, HNZID
BN, AWECHEEMROCEHICBWT
BN MBS A OBREE (BRE
MR EMEOBRFEREARTILNTE
D) ORKETHD 10°pf/m! GEEWRIGE
RERLS) EHATH, FHE2—F—E0,
LLdis, & 1 filcnWThbi e k)
e, HFFRIKERECH LN AT ER OB
HFRIVBELS BTV B EREEREL, &
®EVBEOmORRME, PITELRES
DNA 71— % RV C B BRI RTE M % 5o
BERET D HFESHBESNE, LVEN
BERBFHLNADOTCIRBRVWES I I, o
T, BERSE SN T BBIERM, Sy T
BCEME T DO SERMEEE LY
BN LD 7T T, BRI A AR
N B DB S L TWRWn L ERRE T 5
DIFRFTED L HICBbh 5, EEWROHE
BBV, BT A — ADHBIZHE- T,
TN DTGRRARI T B U RE A o b B
ZONDWEMEIEML TS B L, 0
R PR TR SR I I L O B B
BT D EOM 2FH LT cx 5 2
&, WEBOAHRENE 25 L iR
BB - FIRT 20N ER-TChpZ L%
BrRHbED L, WMENEIER S V—s0
HREMEZEDME L2 LTOBEDOTHARN
MEMREND, Thbh, WEMEIEE

LTV THBMO TN —ATEREF D
AFRIE D BALIZ & o TR & ZHERT 5137
THDH, MEMENRFELTHD LEDOHE
BEHRRBICE LD TIIARWNWES 5 b,

58 HE

(1) 1985 4EIZ, BEME A. solitaria ©F N— NI E
ZI BT B EBEWICRWT, U dnabaena
JBD A. cylindrica % 15 B AV TC HE LR AR
HERIC & o T B R A ) O BRAF LR A %
Tolee b, TORFEARPICBT DHER
13 A. solitaria DBAFRB Ry ana 7 4 vafk &
R UNISPEBNRF — %R L, 9 A LAD A
solitaria DT v— LI 10°pfu/ml BA 1T 8
L.

(2) 1985 4R, BEME M. aeruginosa 007 No— I
ME R B W C A, eylindrica
2 E B TR AR A D BLF AL
ExTFold A, TOERBKFIZBITHH
RV 10'~10%pfu/ml & %<, M. aeruginosa @
Th—boyma7 )b a O E ORIC
B R bied o T, —77, 1986 4B, [
CHREFWIC BT N — AIERIE & R U M.
aeruginosa %48 BB TSR
DERFRPRET oI 25, ZOREKF
B ABERII I au T 40 a e L
NWIRRGEERE %R L, 8 HD M. aeruginosa
DT N AR 10*pfu/ml W8 LTz,

(3) EEW R UM TOMWBICRBWT, B
WRER LB L7779 — 7 OREMR AW
W, I Rfis (7 A—NERRE) R
&, JRENRWEMETH o0z,

(4) SO U7- WG SRS AR ME M AN B o0 18 A R
HE R & 2B, A cylindrica % EEITA
T U7 B, 183 & W C Nostocales B OB
BUZH LT, M aeruginosa #1EEIHNTE
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B U72Biid, 783 & WU Chroococcales H O#E
WIS LT, R ENS RN R R
BB ohi,
(5) FEEWIN B 4B U 7o TRy iR 0t 1 0 7
Lysobacter sp. LB-1 ¥k% 1 & 2 0.5%% ¥
L7z CT ¥ ThEde U, ERWOREHHND
EMREE 2 ST 0T 7—E Ok M E R
ATz, WRERHEHT, Q-Sepharose Fast Flow &1 &
VRS o T 74—, Mono S B A
Ry aw b F 74— (1 BH) , Phenyl
Superose A K74 —twr v b5
74—, Mono S 4 afayuw hII 7
4 (2[EH) KU Superose 6 7NV AIRD AT
v PERC, BRIKBIZE 0> RER
TECTuF 7 —¥ (LB-1 protease A) % Fiiy
Lice ZAVIIBEMRMRESERFE LY »
FaF 7T —EC, SFET 32,000 AR,
ZEi pH 1 10~11 LEDTTAL VS B
LWV D FHRE T LW,

(6) Lysobacter sp. LB-1 ¥ & A. cylindirica M-1
(IAM) HkZEZHEFEL, WEMEIC LN

A

BitOBBEBBETCBE LA,
LB-1 ¥kM3 4. cylindrica O REE2 L, I
BIE 5 IAR o 72 Anabaena DHEE LMz LT
ZOFBICEE LRz n=— %R L
T, PIBRL INEHEMT D2 ENRP LN
LAY

(7) Lysobacter sp. LB-1 #kid, A. cylindrica O¥%
TR T B &, ETEHEENHEIC E-> T
B PICNT 2 F 8 (EOM) =FIA L
T, WA E BT B &R 10%ells/m!
D4 —F THFE LTz, % D% EOM D345
% &, LB-1 BROOHIFHII o o SR L7223,
EEMAERINCAD &, LB-1 ikt oMias
VAR R U C BRI LT 10%cells/ml 0> A
AR LT,

(8) A. cylindrica M-1 (IAM) BROXIEHETEH D
HNEAS Lysobacter sp. LB-1 ¥k DBEA T B BEHETA
fEME 2 o T 7 — Bl LTIkt &
TRET O L, ERTOMBILLRKES
BRENB Z EBRHAL IR o7,



AR ORI 375 4 5 SNSRI 1 B A A A R DT 21

BT RIS AR T D BB IE R D AR

PRI IR S L TR Y,
WARFOKFIZ TN~ L ETRT B, HY
WHZRBWCIE L 2D 3 Bt To4LE
b UIE LR HE UCaiRiikig L 72, 2 U
o TE%EL] HREI&ERIL, #MECK
ERWEEHEATNWD, T, FRiEER
LT BB DS SRR 2 KRBT DR, W
KPP ORBHBENBBMIIETL, Zokd)
W UMBRGERRE 2o TIRETHHAETH
Do TDAFIHAET DEEMRMOFEAL « 1
WORE & UCHE, HoWE BIE5, 1991)
DEERBTENTHBED, TOWEDOAD
S X LNFEEIEHEN TS b Ttk

Vo H 2 ETRARLERO T V—AORE &
FIRRIS, BRI &I & O EIEM bRl o

FH  HRICREEZ RIE L THW DO CiERn
NeB LN,

BEMSIH & A A Ui, w4
gL E LTS R ECRESEI LTV D
BEMOEAY, S PIC RIS IER T DS 4
bITWd, Z D, EEMBHEIEMNE R
Pseudomonas JEAE (Baker and Herson, 1978)
X Saprospira J&#IEE (Sakata, 1990) A3#5aE4Y
RIZEELTBY, ZhbOERIZL - CE
WP FERR LI Cllanhp e ZE 2 b T
Do BEHHRI B TR AT HEERRIIC o
WTh, ZTOWBERICBNTIOL)RE
PEEREOMBENBE LT AN S 5,

AR, PRI MRTR M S U < FRARE v
O 2 IR RED, VRIS S
ZEBHBMNIER OB B, WHEADRE
MRz RV O F ORI EL 5 2 T
W5 T 7 4 F#k Chattonella antiqua % 334 5
M E LT, Cylophaga B (Imai et al., 1991,
1993 : drdg, 1992) , Vibrio J& (Ishio ef al., 1989)

B dlteromonas JBEHEE (Imai et al,, 1995) 3
HEtahTnwad, WMEiE8E Gymnodinium
mikimotoi % FRWE T D ME & L T,
Flavobacterium J& (Fukami er al., 1992) ,
Alteromonas BB (B D, 1993) RUWE
B9 Flavobacterium & & RIJE & o FEEH e
(Yoshinaga et al., 1995) MHEESIL TV 3,

BEEMIZOWTh, ThEZETIMEE L
T, WEMED Saprospira I (Sakata et al.,
1991 ; Sakata and Yasumoto, 1992) & Vitreoscilla
J& (Sakata and Iwamoto, 1995) X URECIEMIBE
@ Alteromonas | (R, 1994) HEHS, FER
BROBEBEN LE S TWD, £, G
mikimotoi % ¥ BD Alteromonas WIJHY B
B A BE M Chaetoceros didymum & Ditvlum
brightwellii % HRBT 2 Z L bWESHLTY
% (lmai ef al, 1993) . L L7gHsh, B
R BIT 2 Zh b OB OBFRES, Zh
b & EEBIIR & OB AR Slson T, 1R
EAEMRABELRTW W, Ek, Zhb
DB EEWE & BT DERBMEIL OV T
1, Saprospira JH I B X HEMIZ L o T
Chaetoceros calcitrans % FE5 505, F OB
¥EENT C calcitrans OIREISESE L, D%
MO CHIBENEIET S (Sakata, 1990)
&, E 7= Alteromonas JEHFNE BRSNS BiR
T CHIH C & DKM B & - CTEE#E &
BT D (K@, 19935) &EhEhfsEh
TWDA, Zh b OB EZERIITARHN
TV,

ARZRBWTL, AT T 2 HE
fRAE AR D BB B R A LT H 2 LR H
& Ui, 3 1 HiCR, ARV, B
AR ) VB EE 5 LTV BELEIL
EBRFMERENET D LI LT, B



216 ]

BRI OHERIZES 3 2L LA L
Lo ERAT, B2 W, FUMIIBITS
BRI ISR AE Y O BLAF iR B AR AR
ko THAEL, Thb & EERRE OBEK
B, I EERRAA RN & BARE L C,
b O S REROEERREORMET
olt. H 3 HiT, BB ORORERBRD
PRI DWW BN 21T o T

B FHEBICBI AR EEM
B FE DS Bl
#® B

BRI W C B AT A B o 7 v

— S RFCEE, IR SR I O B LA N
5 LIk, %@zﬁﬂ WS L, HEOM
WHPMESTH2HEAPRLND LRGSR T
% (Riquelme et al, 1987) . & Z°C, A
T, AW CAFTITRAET D EEHR
WORAERBEI, “‘Q?ﬁé%%i@fﬂﬂ%@;’ﬂﬂ%*ﬁ
WED LB T DhEWR~D LI
T, HEEHRMOERL %%T&M%@ﬁﬁw
AREEEREA D & LT,

MMREUFE

HAEE R R UK

A UMER R e 0 /U WAEHRRIC IR E
SRERRE L (Fig. 3-1) . 0 biEs2k
V24 B W TR MR OME LT -
7oo THAERX19894E12 H20H A5 19904E2 528 H
ECOM, &6l o, HKEFE (0m) X
QR GREXOLImERE) HEBRLZOL,
EHIEE LTS A VI AR TRREE
TELM -7z, KIBIZDOWTREBIRKIRE £,
WOV TIIY Y J A% —% AT B,

=

TME L, 717 4 afkiconCiL, 3
KERBRBETCRHELR oL, HIE
(Yentsch and Menzel, 1963) {2 &0 g Lz,
7B, BARRUREEERONEIZSWTI,
ERRA VMR O JEEIC LY, R
FiAEY LCITY, Bohky— 2 2R A&
WCHEW,

EBFREMRAOHY, BHHEIURE

BEJR S 3 N B o> A B Bk, ST107 3%
(tripticase (BBL), 0.5g ; yeast exiract (Difco),
0.05g : agar, 12g ; aged sea water 1) % R\,
IRFHEIZ K 0 EH L, 1ROUKIC O & H308kD
PEREMME A ISRV L b b
TERICHEEL, Wik (&, 1990) ZHEW
SHE Uiz, ‘ade, BB, HUMHIERTO
TEBCLD, FPFEETEY L TT ok,

Fig. 3-1 Location of sampling stations in the Ariake Sea.
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BEICAVMERE

WECHOEZHMBREO S 5,
Skeletonema costatum NIES-3248E R O5 7 4 K
WiChattonella antiqua NIES-1ERIZ, [ESZBREEDF
JERT (NIES) LY AFE L,
Thalassiosira sp., Chaetoceros didymum, Ditylum
brightwellii & % i § = % Gymnodinium
mikimotoi G303-AX2MRIZ DWW TIE, ABEFRITE
WK BERFEFT O WL AL S, JEE
ke LUTHEWE, L TERS
RYTHD,

b OB E, B SZESWMHITEE
(Table 3-1) %\, EEEIZOWWTIEIST, C
antigua & G. mikimotoitZ VN TH25CODENFE
hAavrdFa—F—ZAh, 35:Em?s!
(12L:12D) O H & Z S L7 bR ns
L7

BEYES. costatum,

&S, costatum| T3 e BiEREEED B

B 28 SWM-TILHE Ml C 5o B A I o CHESE L
728, costatum NIES-3244k O ¥E L %, [FESHT
FRUEZOL, BELERY e flx
Y v THRBAE (13x105mm) 124mi-3055 1
L 72, ST10 ARSI B8R L T25°C T48~72
WA RE A% U 7= BARE U 72 4506 IR S N 1 oD 1% %
H450.1mi%, S. costatum DFSTREEIRW & 53TE L
R e ENBERE L., ZThEISCO
oA V% 2 - — 1 T35uE-m?sT (121:12D)
DEANEE RS LA HEEE L, 1~288R
B LI=Db, JEFEET TS. costatum D
ot #BEa L, HIEOBHEIARD L
WA, BREEHED Y LB Lz,

BEEHEEORE

B ZE SWM-TITES Hi Ot S i & TR L
P TR ORHIEH O AR &, T BN FEEH
THRLZOL, WELAERY el il

Table 3-1 Composition of Modified SWM-III medium.
NaNO,; 170 mg
NaH,P0O,2H,0 15.6 mg
Na,Si0; 244 mg
NapEDTA 11.17 mg
FeCly6H,0 0.54 mg
TRIS 500 mg
P-1 Metals” 10 w
$-3 Vitamins 2 ml
Aged sea water up to 1,000 m/
pH 7.75
*1: P-1 Metals
H;3;BO, 6.183 g
MnCly4H,0 6925 mg
ZnCl, 545 mg
CoCly6H,0 238 mg
CuCly2H,0 17 Hg
Aged sea water up to 1,000 m/
*2: §-3 Vitamins
Vitamin B1 50 mg
Calcium pantothenate 10 mg
Nicotinic acid 10 mg
p-Aminobenzoic acid 1 mg
Biotin 100 HE
Inositol 500 mg
Folic acid 200 He
Thymine 300 mg
Vitamin B12 100 Hg
Deionized water up to 200 m/
¥ v v THARBRE (13x105mm) 1Z4mi-3-24)

HE L=, 0.1%0 2 by (Difeo) ZEMUEM
ZESWM-ITIHEE Hb G o SO A = TRk U7 B
Bl OB TR %, CRESSWM-TTTES 3l ol 34 1 Ay
RUEDh, E00.0mi%E BB omREg
P A LR IR L2, SO,

W O E S, BLF1x10%ells/m/& L
foo BEMSFARIEICE LA RRE IOV T
I5SCOA v FH aX—F—12, C antiquak G.
mikimotoi DR TRICHFE U2 BRBRE ic >\ T
25T D, ENENA L F a—F—Z AR,
35uEm?st (121:12D) o B4 R LR
LEFFE L7z, 1~ 208 Li-ob, MK
PGS TR O M OB R B L, M
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M DEEIRRD BNIHA,
HIE L,

BiREES Y &

B R

REHER 2R EBERENEBOLED)
198948 12 A 20 HA>5H 1990 4E 2 A 28 HiZ
T OWEMM PO, EA 2 R 24 2B
BKIE, B, Jun T BEUERER
SRANE I OZER % Table 3-2 17T, KiRI,
WP OEARUKBIZB TS 12 5 OfiFE
BRGEE DHRAWIRT L, 1A 31 BICfEK
WER LD, 2 Bz Cikalc EH Ui,
HWorik, MAEHMEZBECTHE O EB LA,
ST, FfBARIZ OV TILEL 22 DI PER
24 1Y b 05~08 MEMRVMEER L, &z
FER 22 CRERBEKIZIEREKL Y 02~035
BERVWEE R Uiz, 7 na 7 gk a filid, BR

&

22 Tl 4.5~15.5pg/l OFEERC, EHA 24 TR
2.6~10.9ug/l OFEFCETH L, EH 24 OEE
KERNCT L H 31 BIZEKREER LN, Z
LS. costatum % EBEFREREE & 35 /MR
BRIV AORELLIZLOCHo T, £
PEBEBMBE L, EH 22 T 5.9%x10°~
6.0x10%fu/m/ DM CEBL, EH 24 TIX
5.0x10'~2.5x10°cfu/m/ DR CERY L72A3, EA
22 DFPEIZEMEE R Ui,

RERENRBEOLEE

ARSI P D 22 B U412 B Hl e
DEWE, ZHFNFig 32K 03310579, ¥
T3 o L BARE & LT 262 TR O TE R S
B 5 H204Rk S FlavobacteriumBIE TH Y,
FE R OWTIICBW T H 1990451 A31 A LA
BRI RBARE DM S (RR60%ET) LT
Z L BRI CH o T, Moraxellalf B O

Table 3-2 Changes of various environmental factors and viable counts of heterotrophic bacteria at two stations in the
Ariake Sea in 1989-1990.

Station  Depth Sampling Date
No. (m) Dec. 20 Jan, 9 Jan. 17 Jan.3]1  Feb. 13  Feb. 28
22 0 Water Temp. °C) 12.7 10.1 10.2 9.5 Il 12.1
Salinity 30.40 30.43 30.30 30.56 30.81 30.76
Chlorophyll-a (uglh 4.5 8.8 5.1 12.2 10.5 4.8
Viable Bacterial (CFUs/ml) 1.3x10°  2.5x10°  6.0x10°  4.7x10°  2.4x10°  5.9x10°
Count
B-1  Water Temp. (°C) 12.6 102 10.2 9.5 11.3 11.9
Salinity 30.67 30.62 30.48 30.79 30.99 31.06
Chlorophyll-a (ug/h) 4.9 9.4 4.9 15.5 12.0 4.9
Viable Bacterial (CFUsim/) 9.5x10°  2.8x10°  353x10®  3.5x10° 3.5x10°  7.3x10?
Count
24 0 Water Temp. °C) 14.0 10.8 10.7 10.3 11.3 12.1
Salinity 3113 31.08 30.86 31,32 31.36 31.45
Chilorophyll-a (ug/h 2.6 5.4 34 10.9 10.2 4.0
Viable Bacterial (CFUs/m/)  5.0x10'  25x10°  1LIx10°  5.2x10°  4.5x100  3.7x10°
Count )
B-1 Water Temp. °C) ND 11.0 10.7 10.2 11.2 12.1
Salinity ND ND 31.02 31.00 31.54 30.94
Chlorophyll-a (ug/h ND 6.0 4.6 10.3 10.8 44
Viable Bacterial (CFUs/ml) 1.6x10°  8.1x10°  8.1x107  42x10*  6.6x107  1.0x10?

Count

ND: Not Determined
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Acinetobacter
Moraxella

Fig. 3-2 Changes of bacterial flora in surface and bottom waters at station 22 in the winter of 1989-1990.

Acinetobacter
] Moraxella
Flavobacterium

[ Acinetobacter
! Moraxella
Flavobacterium
[ Alcaligenes
Pseudomonas

Fig. 3-3 Changes of bacterial flora in surface and bottom waters at station 24 in the winter of 1989-1990.
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Acinetobacter RHMEIILZ L E 698K L 68FEAS
HEgsh, WEHMEZEL T2 A7 M
B &N, Thizs LT, VibrioBHiEILIE
FHeL, ERBHEEER OB TH T,
T 0 D16SHRIT R IZFER Lz /o, RIEMN
RAEBETH T,

BEEBIREEEOR ) —=2T

M EFEEIT ol 462 BEOREBAIME
DUNT S. costatum NIES-324 #RIZ36HS 2 WfiRTE
PEWRILE 2 A, 199042 H 13 RIZER 22
DEREARPBHEEES 2 1R (ASY BR) o
DIBWRAEME R L, RA L v
DB & R WE R & 1T O RIBE T,
HPLC #£ (Katayama-Fujimura e/ al., 1984) (2 &
STRDIGHCERN.T%THD Z &b,
Cytophaga Ji & FE S iz (Table 3-3) o —F,
3 D Flavobacterium B & 1 Ko
Alteromonas JEFAE D3 S. costatum DWHFE %00
P BIEM AR LD, BT cBlEL
ek A, ZNHOBEEEIL S costatum O
REBRELTCWRP-T,

%72, Cytophaga sp ASY BEOTE 45 M4 7
Rz b A, 34 BROERR T 7 1 KD
C. antiqua % F&I% LT3, BE8E C. didymum B OF
BHEERE G, mikimotoi &R C&Ipipol
(Table 3-4)

xR

AW AU T 1989~ 199041 FE 14 R TE
L7 BIERR I IR v S e, A I R B
i, SO oM@ L, $E)IE
CCRBHEPBRICMEEND, WO TEE
FAL LI CH D, — R, WHROEE -
BRI DOHEITICE T, Vibrio RN D HLag
MW U, Acinetobacter-MoraxellalB i A3 HY

%

Table 3-3 Some taxonomical characteristics of Cytophaga

sp. ASY.
Gram-stain -
Motility Gliding
Shape Long rod
Size (um) 0.5
x5~8
Flagellum -
Colony color Orange
OF-test -
DNAse +
Oxidase -
G+C ratio 32.7

Table 3-4 Host specificity of Cytophaga sp. ASY.

Skeletonema costatum NIES-324
S. costatum

Thalassiosira sp.

Chaetoceros didymum

Ditylum brightwellii

Chattonella antigua NIES-1
Gymnodinium mikimotoi G303-AX2

(R E A T

M5 E&ENTYW3D (Ishida and Kadota, 1974,
1975 ; 7'M, 1982 ; Shimidu et al., 1987) , &
A BNT b, Acinetobacter & MoraxellaJB il
WS TANMZE C TRt Eh ol L,
Vibrio BB IHR D T 70703 o T2 D D3 RFREY
T oiee LHURIE, Acineobacterfy &
Moraxella B O LLERYY, S. costatum 7 )V
ADHRABHE LW R E R oTleZ &
b, I OROMBEITEERARMICEREL
TR ER o TN EE X BND,
MEMHOEE LT, b — 20T
I ot=DbX, S costatumD/NRELR T — B D
BT, Flavobacterium IBANHE D LA 7
— LFEAELIRT & BB BN EF L, f#60%
ETELLIEThHol, TOZEE, FR
DFMBE A EERARMNARTE U T A NB & RF-O T 5
PeE R LTV D, Sieburth (1968) 1%, 7
Aoy MBIZBWT, I s bk



BB O F IR 4370 4 B BB TA AR 1 [ 5 AL A e BT 5T

WA O E B E T ~, PV Elo
TN by & FlavobacteriumJBHE & ORI R
BMESELNIZEME LTS, £, B
& Flavobacterium B, HWOREEY %
FRALAETHIET B L VIO WELRENT
W5 (Riquelme et al,, 1988) , EEMIRMOR
AR, RUROMBESERONRBMEDEF
AUTHILTL D%, #ATTERoTH
DOTIEBRONEHERIND, LHLARREDE,
B & Tz Flavobacterium BN 2048 23§
TS, costatumlZ5E3 B IR IRTEME 4 R & 7ph>
o &b, BBV THEELTHES
costatum D 7 N — A OEBE, BB OMBEE
HLTWeholek&EZ bbb,
BRI DR 7 V- L0 ) ]
TrE, 1989~1990 4EIZI31T B AR T D
%<, MBREEIT ol 462 ORI
B, TRVCEEBIRAEEER Lok 1
(Cytophaga sp. ASY #8) OB Th o7, Ll
BRBL, TOZENLEBIZ, BREHKICE
WM IE & A EFELTORY, &
EROT D EIITERY, REMBIME O
SHEC R STI0T B5Hi23, BEMERILHIE
ORI LW iad o fodls, thb
BHTERho kWL EX O D, HM
BEMEME O BRI OV, Zhbofl
% 2 ORITEMEIZ L > TRIHCE B0
ToAEERANC, EHEBELIHETS
RERHD EBX, 2 HiicBOTRNETT

2 7%.‘.0

OE APRYEIC T D EEEIAAENE
MEORER L ZOEHE

L)
% B

PHHE BRI R AR MR B % & DI IRTEEIC L o
TR - #2710 DA FT Ak s
LThL, MPN & & BERRKFARED L < v
BRTWs, ZDHh, 52 FE 1 Hilckn
THAVWEEBEXEREL, FECHND
PIAMBRIE AN KA K P C B AT e I 2 R &
WORBHTEBIw, BRRPTEFTER
WS 74 R C oantiqgua BRI G
mikimotoi % 1EEITRAITEAIZIL, MPN ER
FZAWLITWD (£, 1992 ; Yoshinaga er
al, 1995b) ., EEMIZOVWTIL, HKERFTH
HTERRE RN EAET D), EL LDk
LA CHE, LLERL, Rk
DWW, i O F B & o CEER SRR
HHEROD &, BFEREARIEDITH MPN
HBEO BEICEVHEBENE DD Z B
Mo TWa e, 1992) , 2T, BEIK
BT, RIS ¢ RAFR A& 7R3 EEHE S,
costatum NIES-324 #k% 5 F I W= EBRRK
AR & o C, FENRRRERIC AT 5
BRI A OB GFRE B L, T0FE
iAW) & EEBEARW O R & OB A B & 2
L& e,

MHRUFZX

B RRUIRK

1 A B SR I3 E R (Fig. 3-1) 2 B,
TORBMECER (RELD Im LE)0O25E)
DEAREIT oTe, WAL, 199247 b 19944F
DAFW I 1994E D HFEN B 1995FE DL FF
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W THT o T, BRI IRA BT ST
ORI LY FBHEETSEYE LT o7,
MK Ly a vy hEViZ&E D, STCIE
S THFREE Tk L, kBB CRBRIcH
Wi,

IS0 b OBRBFEEORE

raaT 4 halieonTld, Bkd ERE
ECELRo0b, #YEHE (Yentsch and
Menzel, 1963) ok vilE Lz, X5y b
Wi >, F7v 2 bray o
HEEl& BENPOERBEC) LLoTFIF
7 hUEBERIRL, R LY BIE L,
BEMARIIASHHEL U723 ik, BRI
L0 EROREEIT o, RIEEBFRMN
HBL U723 aicid, Mbh b BRBIZERITY,
K DFERAFRD b & R BRI &
Lice TS DIEB I 2WTH, BERAE S
WERTERT O B L 0, RRFEFTSEY L
THE - MEEATH, BohleT—& 2H A
SETHW,

BEEERU T OREE

EoEWEE L C M AR OBEBAS, costatum
NIES-3248k% BV iz, 50m/o0 28 SWM-IITEE #
ANTI00mIB D ZMH 7 T A =LS, costatum
EPHI LI, ZHhEISTOA VHat—g —
FC354Em™s” (12L:12D) D E A& BH L
2RAR b LA AR LT,

BEERREMEMORFERZONE

B TAIRVERR AL O FH U AW o D & R
DEBIEKERIEE IO Y ICEE L2 A
THTVvy (Fig. 2-3) , EEBEEAARMERRA M R
AT olc, RELER HELD Im LR »
LBEBENEEAKE, T4 LB
WEATT, €0 E EWESWM-NIEEHZ Ay

7

T1/10, 17100, 1/100003BBz IR LT, ¥
fR% AT CIARE L7208 % WK EZ G LU E
SWM-TII8% #12.5m/ 12 4 2 IR0 K 0.1ml B2 TS,
costatum DIBFEREW ImIZ F 2 ML, 1
R IBA LIeHh15% R E BTt SWM-II
PR FARSE L IR, BEL Ui, &7, 15
FEOHE R U CHER Ui R RRFAR % 5t
BE & L, ok, £MREKICOE, 287
DOEFERRER & B Lic, LA EDHRIER
7 Y= R FRTREICAT o, Yy
LEBHE L TCA v & 2= N TEEDO/T
¥l L R U4efh Fro3difisgs Lz, iR
Lo Crgfiest (Fo9—2) &FEL, 1ml
Wiz © DT T — 7 FDOFEEME % plaque forming
units (pfu) & LT&EDLE,

BEEAREHE O
75— BB L BBRREED ) b,

E & UTRADHIRBBED B b VAR D>
b, P50 HHOEREFAEETIRELD,
HENUBER L TBWES. costatum NIES-
3248k D B F IR IR U o R K
Whics, WREMHEOHRMEEHE L,
BOS I BELIGE, TOTT— I
Gy HEERIAMEERE A 2 VT HE
L, 0.1%H4 3 b &0.01%BGT 5 X &M
L7235 U TR U CHLBE R 1T o, S DK
THECERWEAIZE, 01% v bk
0.05% B4 3 X & IR0 U 72 L SWM-TTTEAR
O B A A T

HE O ZRERUSEEMEROBRE

BARE U oWk %, B - WAk S RER
o (RaiHE, 1990) Ko TR LSV ECRE
Lic, TeEL, BREMTDAY 3—Iv
B L0 WEEERD b, 8RS
TEREDS A BRI WGEIZ b, Flavobacterium |,
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T2 < Cytophagall & LTz, EESEIAARMEAI A
DA RMRIZ DWW, B (A,
1990 : BOJ, 1985) Wft- TR EITo 7.

R RIEORE
(1) BEE

RIS, BEMAS. costatum NIES-324%k, S.
costatum ,  Eucampia zodiacus ,  Ditylum
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ECEE L0, 50m! OFEIEHE 300m A
DEM 7GR AN L O, 660nm (2B
BIEED 0.01 L7223 & DI AME, Ak
&L, Wb, 25°COIERE N THER
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FERR 3 AEEEIIE, ER 22 RUT30 BV,
199241 A 13 B0 2825 Bofflice Bo
WMEET T, FERILBSuary b
f, Iy b EBEROS, costatum IR
PR A B DB & Fig. 3-4 WRY, FEHRD
WERIZEWT S, WEHMPICERO Y
N LBHIER Uil le (BB, 1992) .
saaZ 4N a REROTT o bR
FNER 1~6.6ug/l B} 0.84~9.17Tmim’ &,
BN L TIEEA EEB Ligh o7z,
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Fig. 3-4 Changes of the abundance of algae and diatom
lytic microbes at stations 22 and 30 during sampling
period form January to February in 1992,

O, Concentration of chlorophyll-a in surface water;
©, Concentration of chlorophyll-a in bottom water;
A, Settling volume; (O, Number of diatom Iytic
microbes in surface water; B, Number of diatom
lytic microbes in bottom water; ND, not determined

S. costatum VEIRMERAESER HARV LT
B L, B/AEMN Spfuml BLTF, fRkn
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199348 1 B 12 B35 2 A 24 B ORI 7 BO
MEEIToT, MESRIZBI a7 4
ik, 7527 FURBHRR S, costatum R
PR A OB Fig. 3-5 1000F, SRR
o2 A4 B~18 H ’Z.fﬂﬁ"f Rhizosolenia
delicatua % E7pREHL & 3 2 BEEBEARI A HIEL

[
0 st 23 ®

Rhlgosolenia delicatula

1000 108

Chl.a { gl and Settling volume {m#fn?’ )
Number of diatom lytic microbes (pfu/m))

Jan. 12 Jdan, 20 Jan. 26 Feb,8  Feb.§  Febi8 Feb, 24

Sampling Date

Fig. 3-5 Changes of the abundance of algae and diatom

Iytic microbes at stations 23 and 30 during sampling
period form January to February in 1993.
O, Concentration of chlorophyll-a in surface water,
@, Concentration of chlorophyll-a in bottom water;
4, Settling volume; O, Number of diatom lytic
microbes in surface water, B, Number of diatom
lytic microbes in bottom water; ND, not determined,
Arrow indicates the occurrence of red tide by
diatoms and its dominant species.

Lic, Zaurq)ba i, ER23 TE 18
~38.0ug/l, K 30 TiX 1.6~22.5ug/! DFEBHT
BHL, 228 9 BICEAEER L, 7
Sy bk, EA 23 TR 33~
65.0ml/m®, 7E K 30 TIE 1.7~58.3m//m’ DA
TEBL, Y 2 89 BiCiKRmE R L,
S. costatum VSRR A SEY, BR 23 I 10
~400pfw/m/, FES 30 TR 5 LUF~3400pfumd
OEB-CED Lz, EHA30 CRERR oy
— 2K (2 B9 B) &8 costatum EIEVEM A
bR L7ehd, JEA 23 TiRoh &l
12, FRSEARHIE T DR &R L,
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Fig. 3-6 Changes of the abundance of algae and diatom
Iytic microbes at stations 23 and 30 during sampling
period form December, 1993 to February, 1994,

O, Concentration of chlorophyll-a in surface water,
@, Concentration of chlorophyll-a in bottom water,
A, Settling volume; 0, Number of diatom lytic
microbes in surface water, B, Number of diatom
lytic microbes in bottom water; ND, not determined;
Arrow indicates the occurrence of red tide by
diatoms and its dominant species.
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WRRSAEEEIIY, ER2BKRUB0ICB VT,

1993412 B 13 B A5 199442 5 25 B O - 7[E
DWEEIT o>l MEKCBTS 70074
Neallk, 7727 NRBERROS. costatumiE
FRMEM A B DT & Fig. 3-610R T, TRE R
BRDLAZSANLMERTHDIAL10R )
17T, Chaetoceros sociale® FIRRERFR LT 5
EERRWIAN B U, 2 au g haltld, &
23 TI 0.6~ 18.0pg/l, T 30 TIE0.6~
13.4ug/IDFERTER L7223, BMEROWTR
IWBWTH2BICAD LM LMD, 28250
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Fig. 3-7 Changes of the abundance of algae and diatom

lytic microbes at stations 23 and 30 during sampling
period form June, 1994 to February, 1995,
O, Concentration of chlorophyll-a in surface water;
@, Concentration of chlorophyll-a in bottom water;
A, Settling volume; O, Number of diatom lytic
microbes in surface water; B, Number of diatom
lytic microbes in bottom water; Arrow indicates the
occurrence of red tide by diatoms and its dominant
species.
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(4) 1994 FEEMN L 1005 FXEBHE

TR 6 FRBEITIE, R 23 RUS30 IRV,
1994 4E 6 A 28 A B 19954E2 A 15 A ORIZ
12 EOFEZEIT > 70, FHEMM P ICEERIR
D2EHBE LA TERIZSHAZ0ENS9H 2
Bz COREIRIE L 72 0, & O EBERE AT
1L S. costatum Th-o7=2, T ORI OEK
BAToTWRW2HEHBIKX1 A2 063 A6
Rz B L, EERRRIL Rhizosolenia
spp. B O Chaetoceros spp. T o 1o, MEHIZE
JhrzmawTgvalk, 50 b URBER
U S, costatum BHPEM AW O % Fig, 3-7
WRT, EREO 7 2 afilld, EAR

N

=

23 TR 6 A 28 B 17.9ug/l InB AT T
el L, 1 BizANB EEomL,
2 A7 BOEBAT 27.8ug/ OFKEERL
oo TEAI0IZBWTH, 1ZIEFEEOER/ ¥
—BRR BN, T LY BRI, JE
JH23 TIL 8 A 22 BT 25.0mlm’ O /NEHR B
w7 B LT, TOWE, S costatum WML T
BY (GEMR 23 TIE 190cells/m!, A 30 T
60cells/ml) , 7T v 7 b BFROKES %
i), 8 A 30 RICHkKEBEBIEHITE
S. costatum % FEHERTE & T A EEMGRW OR
EMMORELZRLTWE (B, personal
communication) , DRI T o bk

Table 3-3 Origin and the result of identification of diatom lytic bacteria isolated from the coastal water

of the Ariake Sea.

Strain No. Year Date Station Depth (m) Genus*
All 1992 Jan, 13 30 0 Cytophaga
Al2 1992 Jan. 28 22 0 Cytophaga
Al3 1992 Jan. 28 22 0 Cytophaga
Al4 1992 Jan. 28 22 B-1 Cytophaga
AlS 1992 Jan. 28 30 0 Cytophaga
Al6 1992 Feb. 12 22 0 Cytophaga
Al7 1992 Feb. 12 22 B-1 Cytophaga
Al8 1992 Feb, 12 22 B-1 Pseudomonas
Al9 1993 Dec. 13 30 B-1 Pseudomonas
A20 1993 Dec. 13 23 0 Cytophaga
A21 1994 Jan. 12 30 0 Flavobacterium
A22 1994 Jan. 12 30 B-1 Pseudomonas
A23 1994 Jan, 12 23 0 Flavobacterium
A25 1994 Jul, 12 30 B-1 Alteromonas
A27 1994 Aug. 22 23 0 Alteromonas
A28 1994 Aug. 22 23 B-1 Alteromonas
A29 1994 Aug. 22 23 0 Alteromonas
A30 1994 Aug. 22 30 0 Alteromonas
A32 1994 Nov. 21 23 B-1 Cytophaga
A3S 1994 Nov. 21 23 0 Cytophaga
A37 1994 Nov. 21 23 0 Cytophaga
A38 1994 Nov. 21 23 0 Cytophaga
A42 1694 Dec. 20 23 0 Alteromonas
A43 1994 Dec. 20 30 0 Cytophaga
Ad7 1995 Jan. 18 30 0 Cytophaga
A48 1995 Jan. 24 23 0 Flavobacterium
A49 1995 Jan. 24 23 0 Flavobacterium
AS50 1995 Jan. 31 23 0 Cytophaga
A5l 1995 Jan. 31 23 0 Cytophaga

*: genus of isolated bacteria was determined according to the scheme by Ezura (1990, in Japanese)



TR R IR IR A3 9 B A AR A 12 T 9 B AR B AR BRI T 5E

PRk 2 LT 12 A 20 BIC 2.5miim® O
BAEAER LA, 1 AICAD EEUHM LI
¥, 2 A 7 BIZ 230.0mim® OFKIEAF Lz,
ERI0TBOTY, REREOERAAY —
BRENT, S. costatum FRIFMEBAEIE, &
23 ROV30 oW FRIZEBNTY, 8§ A 22 H
WZHR A TEILEN 37500 B O 24000pfu/ml &
WeRMEERLTZ, 920 BB 1 A 24 Bz
WCEE, R 22 TR 5 BT ~55pfu/mi BAF,
TE M 30 TRE 5 LT ~40pfu/m! BLTF OfEN L~
ATCHEE L7z, 1A 31 HUBREE ML~
LOO, EH 23 ORBEARTIE 2 A 7 BiZ
500pfu/ml, JEH 30 ORFEKTIHREY 27
Bz 85pfu/ml @, ENENL S H 22 A L E~E
W=7 R LI E T,

ERAEEME OB

BRRREAR LSRR ENET T — 2 OF
WIS TH - 7228, 1994 4E 8 A 22 BIZ DI,
BLAE Smm FREE OB —NR D7 T — 7 DEE
WS LTz, oo ik, Pk
Wi Oan=—RRohd 8478, H
PR HEO g =R NNV E A
TO2MY DT F IR LN, TOXK
& XHEA (EZE 2mm~10mm BE) THY,
BT 5 — 7 BEESL-> TELETHZ &
Wiaho i,

T& D720 A RRBERE O i R SRR
W Ure 7 — 2 M6 S, costatum TEREME S
Wy D BRI A BRI T2 FE B, 1992 4R4ZRI1L 8 #E,
1994 4E4ZE (1993 48 12 A #8Te) 1213 54k,
1994 4EF MG 1995 EAZEITIT 16 88, #1229

RO 8. costatum G 2 BBE L7z, 7 A
—NRRIREE e &, B LASN O TR A4
HEE SRR Mo Tz, AR, 1993 AT
HWEER 4T > Toievy, TS HEER o kR
UM 2 R RE DGR £ & 9 C Table 3-5 177
Yo S. costatum FEIAEMEIL, WP OERN
bb, ELRBEKELEFKOELLNLHH
fexhni, FEHICLAEEMOBNERS L,
HaE (199447 A~8 A) ICHBEE 7 58k
DB T AT Alteromonas J&Cdh o T2, BKFEMN
LAZE (12 A~2 A) ot T, Cyophaga
JRAUEEAS 16 Bk & 2 < BB S izidan,
Flavobacterium Bl 4 #k, Pseudomonas JRH
8 3 BB O diteromonas JRANE 1 RS ENFh
HEtshiz,

BEE U AR O S ER MR

HAEE U 77 S, costatum VAR 29 #ko> S
B, 1994 FEOFZRZIEFANCHEEE LTz
Alteromonas JEMHER OCKEN L LB LS
< Bl X7z Cytophaga JTEHIBEIZ W T, BT
DHFAFHIMR AP~ %, Table 3-6 &
U* Table 3-7 {2759,

1994 4RI L 723K 0 & BiE S hv 7 6 Bk
D Alteromonas JBHINTHEHIZS>WTIEL, 7 B 12 HIZ
BRI L7230k 0 6 Bl S 7z A25 SRS
WiEaFEERD 8 A 22 BICERIR LK S
HABE o 72 A27~30 BRECUN Ad2 BROD 5 BRI
BEBERF, Fi2 A2T & A29 KRASIFHT
T TR0 O 4 BRISHERE TH D &0 )5E
WA LN OD, FOMOMER DT
L LT/ (Table 3-6)
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Cytophaga BIEIZ DWW, DHESEAMER A17) @55, All, Al4, A15 D3RR TR ALS,
i 0 OB RO 19924E 1 A RUE2 AT O 28K, FRICERE UMk &5 L,
BIZERE U3k & BB &7z 7 Bk (A1~ A2 BRIE A3 BRE OV ALT Bzt iR AR L

Table 3-6 Some taxonomical characteristics of diatom lytic Alteromonas spp. isolated from the Ariake Sea in
the summer of 1994,

Characteristic A25 A27 A28 A29 A30 Ad42
Gram-stain - - - - - -
Motility + + + + + +
Shape Short rod Short rod Short rod Short rod Short rod Short rod
Flagellum Polar Polar Polar Polar Polar Polar
Colony color Yellow - - - - -
Diffusible pigment - -~ - - - -
OF-test Oxidative Oxidative Oxidative Oxidative Oxidative Oxidative
Marine or terrestrial Marine Halophilic Marine Halophilic Marine Marine
Degradation of agar - - - - - -
Dnase + + + + + +
Catalase - - - - - -~
Oxidase + + + + + ~

Table 3-7 Some taxonomical characteristics of diatom lytic Cytophaga spp. isolated from the Ariake Sea.

Characteristic All Al2 Al3 Al4 AlS Al6 Al7 A20
Gram-stain - - - - - - - -
Motility Gliding  Gliding  Gliding  Gliding Gliding Gliding  Gliding  Gliding
Shape Longrod Longrod Longrod Longrod Longrod Longrod Longrod Longrod
Flagellum - - - - - - -~ -
Colony color Salmon  Salmon  Salmon  Salmon  Salmon  Orange  Salmon  Salmon
Diffusible pigment - - Brown - - - Brown -
OF-test - Oxidative Oxidative - - Oxidative Oxidative -
Marine or terrestrial Marine  Marine  Marine  Marine  Marine = Terrestrial Marine  Marine
Degradation of agar - + + - - - + -
Catalase + + + + + + + +
Oxidase - - - - - - - -
Characteristic A32 A35 A37 A38 Ad43 A47 A50 A5]
Gram-stain - - - - - - - -
Motility Gliding  Gliding  Gliding Gliding Gliding Gliding  Gliding  Gliding
Shape Longrod Longrod Longrod Longrod Longrod Longrod Longrod -Longrod
Flagellum - = = - - - - -
Colony color Salmon  Salmon  Orange  Orange  Orange  Yellow  Yellow  Yellow
Diffusible pigment - - - - - - - -
OF-test Oxidative Oxidative Oxidative Oxidative Oxidative Oxidative Oxidative Oxidative
Marine or terrestrial Marine  Marine  Marine  Marine  Marine  Marine  Marine  Marine
Degradation of agar * + - + - - - -
Catalase + + + + + + -+ “+

Oxidase * + - - - - - -
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T, IREOWEIMEFEEER LRV TR
T TN e, A16 BRIE NaCl & F 72V EHC
LI TE B ET, oW TFholke H R
o Tz, 1993 4E 12 A 13 AICERR L7zt
A G BB & s A20 BRIE, AL ERAR E LR
UHERZ 7R Uiz, 199445 11 A ROV 12 Alcft
B L7238k & HiBE &7z S Bk (A32, A35,
A37, A8 RUNA43HE) DO h, A32, A5 D
2 RN A3T, A43 O 2 BRIZENENE Uik
R LT, A38 BRIT A32 S A35 HRITIE VIR
FRLEPA S F —BREE R R VAT
RipoTiz, 199541 A 18 H & 31 BITHR
LBk o BEES 38k (A47, ASO K
CYASTHE) R UK ER L, Va0
FEFE/FORTENE TIIHHES RN
OB E b Ri2s T (Table 3-7) ,

B -EEAMEMEOE ISR
SRR E PR 6 BED Alteromonas &
I R OF 16 # D Cytophaga BIEIZOWT, 5
il 6 BROEEME, T 7 4 N C. antiqua ROV
B G. mikimotoi \Z %45 2 TR & W~ 7
Rer, TN Table 3-8 BT 3-9 (ZRT,
Alteromonas JBRIEEIZ DV TIE, A25 BREBRL S
BRI CIE AR L, HEEOBICE EIH

U2 S, costatum2 ¥k, S. costatum & B U
Coscinodiscineae Hf Bl Coscinodiscaceae FHZ &
% Thalassiosira sp., Biddulphiineae i f
Biddulphiaceae F DEEHE E. zodiacs R UNT 7 4
N¥& C. antiqua % 7% L7273, Biddulphiineae
#fi B Lithodesmiaceae Ft OOEEME D. brightwellii .
OEHEEESE G. mikimotoi % ¥R CE MR- Tz,
R, A25 BRI D. brightwellii % ¥R L7122 C
DIFIg T (Table 3-8) , Cytophaga I
HIEIZ OV T, 16 BRETHE TN S,
costatum % & Lp Coscinodiscineae Hii
Coscinodiscaceae B DR A B <ML, G.
mikimotoi % VEHECE IRV EITHEE LTz
73, Biddulphiineae i B DEEMLT 7 1 F#i C.
antigua W5 UCHE, 206 S EEC & 2wk
ETERVEERPEET DR Y, ThbofE
Ik 4 Th o7z (Table3-9) . 72ds, #i
BIHOMBERE S A V52T, TOH
TEDDHHHMH ED & D, BRI E TR D
TFEEBTEIORT L 5 iR EEaE i n
S, B, C.didymum RS PIZIER
Lizie®, Alteromonas JEHHE 6 HkR O
Cytophaga JBHIHE 8 MRIZ DWW TILREEREIZ 04
DEIHEMEDOWET 21T O T LR TEIeh -
7

Table 3-8 Host specificity of diatom lytic Alteromonas spp. isolated from the Ariake Sea in the summer of

1994.
Host algae A25 A27 A28 A29 A30 Ad2
Skeletonema costatum NIES-324 + + + + + +
S. costatum + + + + + +
Thalassiosira sp. + + + + +
Eucampia zodiacs + + + + + +
Chaetoceros didymum ND ND ND ND ND ND
Ditylum brightwellii + - - - - -
Chattonella antigua NIES-1 + + + +

Gymnodinium mikimotoi G303-AX2
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By U RIMAHmm 3 S e 2 R OMAEY
DBRERENSAAT v A B L > THET
BRBBEPAZITORD LR, IO
& D AN BRI 2T D
&, ElEnbOBIER ?r%ﬁ“‘?ﬁ@?ﬁ%z
B L CAET DI LR ERHLMNTR-T
i, A3 (1995) i3, ALEEEEICINT
ﬁ:’é”7 ISR Heterosigma akashiwo D IR
FA WG R O DRTRIC H. akashiwo &5 7 4 F
W C. antiqua % % NENIE RV MPN ik
L > TEHRBEEMEOHEZITY, H

akashiwo 2343 5 Rt 23 H. akashiwo 7R
WOFRAE S THEML, RPOBERESL L
&6<%%W‘mﬁmmm)%%ﬁbtm%ﬁ
ST BOIKL, BETRMERLRPoT
C. antiqua \Z3F3 D5 MRS XM 2@ C

CTIEBEE (107" ~10'cells/ml) THEBS B = &

s

#RHI U7, Yoshinaga 5 (1995b) %, E&FE
(ZIMMEEIE G. mikimotoi DFRIRM R A5 Fuifk
IR HRDEBIZ BT, G, mikimotoi BRI
B (G. Mikimotioi's growth inhibiting bacteria ;
Gm-GIB) @ MPN I & B2, Gm-
GIB {3l iR I 10°cells/m/ BREEFFAES
28, G. mikimotoi TR\ DFEAERIIL 1~2 #HR L
Wb U, FRIPISIHEIRT 5 Ot TH UMM
THZEERFR UL, R EWEE (1994) 1%,
BT BT G mikimotoi ROV S,
costatum OB & MPN IBIZ L » TRz
BT D L E M E B OB & &k
@L BRI CHONE O 2 B A HIN T 5 W4
THEE OBIEIT R D W 'L“ff[il*zi"%ﬁﬁmﬁﬁc’}‘
L, WM o0 25 BE A3 B3 B Il
Z O3 5 s Sﬂéﬁ-ﬂm?ﬁé‘&iﬂﬁzk
Olcells/m/ BHEE CHIINT A 2 & &R LK, &
noOMEREND, FRPNEEHOBERDOE
B & = OBIFIT R D B A O BLAF i
DENEFIEOHEME, FRMBEIHOBRFERD

Table 3-9 Host specificity of diatom lytic Cytophaga spp. isolated from the Ariake Sea.

Chattonella antiqua NIES-1

Host algae All A2 AI3 A4 AIS Al6 Al A0
Skeletonema costatum NIES-324 + + + + + + + +
S. costatum + + + + + + + +
Thalassiosira sp. + + + + + + + +
Eucampia zodiacs + - - + + - - -
Chaetoceros didymum - - + - - + - -
Ditylum brightwellii + - - + + - " "
Chattonella antiqua NIES-1 + + - + + + - +
Gymnodinium mikimotoi G303-AX2 - - - - - - - -
Host algae A32 A35 A37 A3g A43 A47 A30 A5l
Skeletonema costatum NIES-324 + + + + + + + +
S. costatum + + + + + + + +
Thalassiosira sp. + + + + + + +
Eucampia zodiacs - - + - + +
Chaetoceros didymum ND ND ND ND ND ND ND ND
Ditylum brightwellii - + + - + + "
+ - + +

Gymnodinium mikimotoi G303-AX2

ND: not determined
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HOZH EIFRADHBEE, EhEhR4Em
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BT MR, TOREE EENRMOMN
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AWFFE T, FHMHCBWTAFEZLIEL
R AR L, / VEMCEELS S 2 T
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MU OO I SERT D & B G I F MR %
WAL AT v AR L - T, BEERARTE
WAEM ORI ERAIZ, 1992 45 1995 4T
T COFEWIE Rz, BRI 4 Hoe4:
Ledd, 05 b BFIERFAIETHWE
F: L EFD S, costatum & BB & 458
A3 1 EFAE L, FHELIENEO R delicanda,
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spp. & TN EBRERRAE & 35 SR A 1 [E]
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TH LN AT L Y 2372 0 @/ NGT & 72
STWHZ EEEBIHL, TORFKE LTMPN
D2 FBRE P IR O E 0B O HY
Bl 2 I 4 2 T R0 S R M oD MY Tl % L1
BB R EANRTE LTV A RN & 581 T
WD, BHREIEO T — NIRRT R B YA
e« BORMERAE B, IR L R I A
HHRIZ BT, 10%ells or pfu/ml B2 E
IZETDHOTRRONEEX NS, —F,
EEMUARI D EIEFERLARDS Rhizosolenia Ji<e
Chaetoceros & CTdh - 128A8121%, 8. costatum
BRI L 2 Ic 8 E Y, &
WO E— 2z 8T 10%pfu/ml &, S.
costatum % FEERGRTE & 5 2 RO £ MM
BB ONEL Y b 2 HHEVEICE E -
7o TOOFERNT, FAMWERBEWHE S, costatum
OFRC B U 72 £ B & S D BE WA AR M I AR
WBENTEE LTV D AT REME 2 RIB LTV 5,
BERRKPAR LA U T T — 7 b i
L7z S. costatum EHEERAEM TR G HIE

Thol, TN BIE, Cyophaga &,
Flavobacterium & , Alteromonas & F O

Pseudomonas JHEDWTFNNCHi S B E SR~
(Table. 3-5) , ¥ & (personal communication)
I o oBEEE O 16SIRNA it 5 F
(16StDNA) Dl IREEFE Hae MIZ & 5 YW 4
0> RFLP (7l BRI AT R 2T fiRdT 21T
VY, 1994 47 AR 8 A ICHEES RS R E
{20 dlteromonas B & 7= 5 8k (A25~A30
BR) 1L, [f]l—® RFLP /$F =2 %R L 1 DDy
FAL—EBGRTHIEEALNT L,
RS REC LY Cytophaga J& & S0l 16
DOHMFE X RFLP R —/ 2 80 7 7 —T7124y
O, 19924 1 AICEEELZ SHo H B AL3
AR 48k (A11, A12, Al4 ROV ATS BR)
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199248 1 A & 2 AlcBiEshz 28k (A13 Bk
& AT6HR), 1994 45 11 HICHEE L7z 4 B (A32,
A35, A37 RO A38HK) RUr19954F 1 AICH
BEL72 3 8k (A47, ASO RRRASTHR) 1, &h
FRal—@ RFLP RN&F—%RL 12D 5
AR =% BT HLEHLMI L, O
FERX, MAMAEICIYVRRBE S S
costatum FEIRMERTE IS RBWVCh, BBE L 720
Wz & o> TESEOIRPEZ > TS g
PEETRIE LTV D, A BIMEIR BRI, B
HTEERTE S, costatum BERFERIENTFEEL T
WAHLDEEZBRD,

EHk B (1995b) 1, KEEIZBWT H
akashiwo RIS OIEAME R OE ORTEZIZ, MPN
HBIZ & o C H. akashiwo 12354 2 s fiE o
WEFEAHEEE L, Thb% 16SIRNA #\ETF
(16SrDNA) 0> RFLP (fil fRE# LB R %
Y M X o TON—T B Linill,
AKEFUZ D72 V) 8578 H. akashiwo FE3EVERITE
BEMTETE LTV, H. akashiwo RO B
BFHIZ I, J5E ORI IS R S L Qi
ERTNB, AFEIZIBNTE S costatum
A EBERERRAT & 3 2 EESEAR W O 58 4= 1] B B
IZH7225 1994 4 8 A 22 AL, F—ER
77— DHPEMMEIZES LT, E
INbOTIT—r b SN 4 Ko
Alteromonas JEHHE L, SR BT~~~
fiHCR—Td D (Table3-6) DAHR LT, Z
& D 16SrDNA DHIBREESE Hae T & 2 B
W7 J1 > RFLP /34 — U RRE—Th o712 (X0,
personal communication) . Z O HE X, S
costatum % EEREARTR & T 5 RO ED M
BEMC Y725 8 A 22 BICIE, SYHESEO0ICER
72 Alteromonas JEAIEREED 10°pfu/ml O g
ETHINL, S. costatum VEREVERIRERE O b T4
HLUTWEZ EEBERT S, —F, S costatum
TR D IEFE AW Y 72 AKEFED B AT

PN

T Cytophaga JEMIE A Z K BNz b D
O, WIS TSI ik, SR S
costatum VEIRMERITE A3 10%pfu/ml BAF 68 g
CHEFE LTz, S, costatum % FEERGRCRE &4
2 AR OFE AN I, AR K
HUZHFAE LTV D B 8RR S, costatum VEFFVER
WREOR MG, [{ErOMBIz LY RKED
Alteromonas FHHE D A3 BRI HMN L CTHE
L 7R o TWERTREIERE 2 b D,
EEREIRI IS AL R IS BRI I N LT B
FEHEDS, EDOLIREMIT I > THRE-> T
DOPITHONWTIE, EEF/ LR THDH#EHM
e, B AT LA TERY, AlE
WZBWT S, costatum % ESRERLTR & 9 2 7R
DIEAEYIAEEB A & L TV iz Alteromonas J&
M & IEREAENIC 2 S S /e Cyrophaga
JEAIE TR, Wh b BEEOBRICE RV
72 8. costatum - % & ¥r Coscinodiscineae Hi B
Coscinodiscaceae B} OEEMIZH L TCOHR S
7, ELEH OEERL T 7 4 N C. antiqua %15
95y, HEWNCHIM,» O BEEsh
S WA ARME AT & LR 5 & 78 R R M
<, EWHEOFBRICHARRENZRON
72730t (Tables 3-8 and 3-9) , $- T, #h
T 5 MBS EA RO/ SRBENICL 2
THRE->TVD EFE RIS, RIS
DEREME DR SR, 15 =R - THI
szl Y (EOM) #3HE & Lz
& & OHETHHE O S 7p K 4R £ & O AR
B2 BEe, FBORBEERZ Y, e
RGNS ESTEOBRRICEEEZRIEL TN
DTHAVWHEHESRD, 4%, Zhbo
FRIZDNT S LIFTEZED ThhiER b
RN, EDTOInE, FHRECT S R
7 S. costatum VEMRVEMIE & B X 5N D
Alteromonas JEHTH & Cytophaga JRHE O
R DA & LV RN D R B
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Do DD, FHEEXICHIETED
Jik, o & ZITEEHUER DNA 7 —7 % A
WeEE O RBRMEAEEN D, £,
FHHHZ RSN CHRME IR T D S. cosatum LA
S DEEBIT 3 D MR AR DT
FAEZITV, S, costatum TEIAEIEETE& OV
L, ZhbOHEBRIZOWTHBRFT 524
ERHDEAD,

SE3ET BB U7 B TA AR
D7 EE BRI D VE PR
1B

# E

MU S FRMABEHZ AR D U ISR 2 1E
FABEIEIZ DWW ChE, M 23 Bl U Cl
PR AT H S (Imai er al, 1993 ; 3 H,
1994 ; Imai er al., 1995) &, &k & OH%
WL LT, I OREHEEMC K o THEAR -
BESEZSEE (D, 1992; AL
#5, 1994 ; Yoshinaga et al., 19957 Imai et al.,
1995 ; SR, 1995) @ 2 @Y RHEEIhTH
B, LinLeds, ZhbOERBTECON
T, AU B S 7o (R AR T RE 1
HRIZDWNTORRN BT O TS EENIE
EAETHY, F—MR»6H/BLh, MHE
W L0 A CRIC S n 83 o Bk
DUV TIRFDT O 2 D T 720y (Imai
et al., 1995) 7=, #ifF SHTVDHEDN,
ENENOUHIRIC LR 2 EMEE - B
HORT— RO RIERBETHLINE D2
I, o TIERy,

AT, £ OBHRAELNATERY,
FAWRR RHHKIC 330 5 B8 S, costanum TR
FRAEMITE Ch B L B Z BB Alteromonas TR
B & Cytophaga BHEIZDWT, S, costatum

NIES-324 #RIZXI4 A EMOERBHERZI~S
&Rz, TR O R I 2 s
BenAnEd Bz 20T HLRE 21T o7,

MHRUAX

ERAMERE RV ORIES

S. costatum NIES-324 BR& 5 & Ui EfE3E
RIEMIEID Ko CHE S A7 EERE AR M
D5 b Cytophaga & & S RIE 7z 16 i
TETR AR HIERE D> b Bk = 7z Cytophaga sp.
ASY BREMZ 7= 17 ¥, RO Alteromonas Ji &
MERESNE 6 BE, ThenE RIzHY
Tro THB%E 0.1%D Y b RTS 0.05%8 R =
XA B TM U E SWM-IIL 551G Sk 7l
MEcHak L, TOWIKRE 2ml 5ok T AT
a—THEL, -80COF 4 —F T Y —H—
TSR L7se RIRIEEIZE D 1 AR%Z K
& LTHERHICMIELIZ0L, [
20m/ % 300m! BEDZAT7 T A AN H D
WCHERR U, A2 Bgag & Urn, PSR sisni o4 iy
ECEEE L0, 5o0ml OFIEHE 300m/ 4
DEMT T AT AN D DI, 660nm 128
JAWEEN 0.01 &72D KD ICHAMER, s
#FE L, Wb, 25COEIREN THEE
K598 (200rpm) #1777,

BEEERUZORMER

TEEWE L TMBE R OENS. costatum
NIES-324#k % Fiv iz, 50miD 28 SWM-1IHE Hy
BANTEI00MIBEDZEMHA T 5 A allS. costatum
PR L7, IREISTOAL VFar—F—
(A AER G, LH-200-RD) H T354E-m™s™
(12L:12D) D BEENF A LAz as & 1R
WAk L=,
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ZEEE

AT U 7o b o5 o S, costatum NIES-
324 $kFE, 50m! DA SWM-II H5Hi% 100ml
BOPPXy vy EZA7 I A3z b 0
R EEAS 1x10%cells/ml & 7225 L HHERE L,
I5CDA v H ar—F =T 35,Ems’
(12L:12D) @ EEN% R L7Rss &1 LTz,
g 2 B BT, DR U EERA AR o
FEARIR A S SWM-TIL BEH Gl o /R L7

Not inoculated

inoculated

N

Db, MEOUHEER 1x10%ells/ml L7425
LOBERRL, THEBEEET o,

EEOBHRAEOEMBEER
T LA B A T REEAREE  (Nikon #h,
OPTIPHOT-2) TFCHEEEREEL, S. costatum Ml

JaREMREEN 5 @REBME LT,

inoculated

: Membrane
filter ™~

I Modified SWMAII
" medium L
(2mh)

g
RN

¢ Diluted culture of
¢« Skeletonema costatum
YR (3ml) ;

Multi well plate (6 well)

Fig. 3-8 Scheme of the experiment to detemine the existence of the necessity of cell-to-cell contact of diatom and bacterium
for the lysis of the diatom. Three pieces of MILLICELL (MILLIPORE Itd.) were set in the 3 wells of multi well plate,
respectively. Inside of MILICELL (compartments A, 13 and C) was filled with 3m/ of diluted culture (cell density was
1.67x10°cells/mf) of Skeletonema costatum NIES-324. Outside of MILLICELL (compartments D, E and F) was filled
with 2m/ of modified SWM-III medium. Multi well plate was incubated at 15°C under the fluorescent lump of 35uE-m’

25 (12L:12D). After 10 days of incubation, 50 pl

of diluted culture of diatom lytic bacterium (cell density was

10%cells/m/) was added to S, costarum culture in inside of MILLICELL (compartment B) and to modified SWM-II1
medium in outside of MILLICELL (compartment F), respectively. After 18days of incubation (after 8days from the
inoculation of bacterium), cell densities of S. costatum in components A, B, and C and diatom lytic bacterium in
compartments B, C, E and F were determined by direct counting,
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BEA DL EEDRE

MBS S, costatum % VAT HERIC, EEREAN
N & miﬁfﬂﬁ%w&%%&ﬂmmm EDinkHED
D 12 OIAT o 12 EEROWEE % Fig. 3-8 IZRT,

7j7\?};§k[ﬁy§?6’) 6 Ve NF T LD 3
BT 2z, B 04umdDF 30 (R
PEBH AL ART CM A VT L R ERICEE
# U7 30mm @ 2 Y 2 /L (MILLIPORE #L)
EiEviz, Y EA0sMIl (KD, E RUF)
2 2ml O SWM-IIL A A, V&
NP (K A, B RONC) {2, sHEimg
M 8. costatum NIES-324 EROBGIENR 2 WE
SWM-III 85 # T & R L T Hlja % K %
1.67x10%cells/m/ \ZFHEE L 72 b D % 3ml A7z,
Dk E S costatum 1%, X VAN OWE

OEE smlizxt LT 1x10°cells/ml O #IfRE £
LB, ZOwNTFT L bR ASCOAL ¥
4 —th T 35uEm™s” (12L:12D) DEH
e M L2225 10 HIEIEEEE L7,

¥a% 10 B BID, EESUAMMEME OB A 1T
o, BTEERE LTIV 7 MU o0 B o
BRI A 02 SWM-THL B5HCAVIR L, Hiiass
% 1x10%cells/ml IZHSE Lz, D =D&
SERBREE L, 2V R2AOMI (KB F) 1T
TR U7 M S a8 % 0.05mI 5 L7, Z
b EMEE, U BARNAOHEREOAFE Sml
25 LT Ix10%cells/m/ OHAEEE & 225, b
HTEO T = AT, 2 U EAORM (XE B)
AR U 7= M S8 i 4 0.05m BERE L, T
FHRELASREE LE, B 1HO Y=L
B, WA LU/OMBERE LE, IhE
AU FH X H IR S 7 BRI LT
Db, BESE R OBESRESARME M MR B 4
WE L7, BEEMoMnEER, %o TIBBK
BETF CEERM Ui, Ei, BRI
DO ET, DAPI#+6 (Porte and Freig,

.:L/\"“

1980)
L7,

HE, B BMEE T TR

ZEBERERPICEENDEERREEOBRY
() BEEAMREYEOSE

THERIE O EIE, Fig. 3-9 AT RIEIC
T THT o T, BEBRAMRIEANE %
NE&QM%&:%%%L&@%@M@%W*
HEIZEET 2 &4, Mo T Bt
(Nikon #k, OPTIPHOT-z)é“:JEWCEI: DRI
VIR 2R Ui, BEME OO MG B S AN TE % 5
LRV BRI & BB IR AR, D
PAMBIE R IC & » TEERMIA AT eI
fR ST & ST ST AT A AR
B, VAT 7 A NRN—TF 4 V& —
(Whatman #;, GF/C) #FWTHEIAEL, &
oML OBRELRVERWE, ZOAHK
I 02um DAL T LT g H -
(Advantec Toyo #k) #FHWCEEAB L, A
o 40ml %, WASBZ 4 NEF— (T Iar
th, YM-10: S EiS-FR 1 5) 2RV, BHRN
x?%ﬁ(w@mﬁ)bﬁﬁ%@%%%u
SR 1 TR R & 1 TSRO 2 WA T,
Gy FHE 1 TEA L DML, WAL 2ml BRI
RODETRM LI=DG, W SWM- i T
dmlZART w7 Uiz, BLEOBIER SCTIT
D1, RIS T 4 s — Bl LS

TGOS, B L7205 %D 36m/ ’afHR
~C, HWEETpH & 25 L, Zhal
TRERE = =L 30ml TCHBE-T A8 {E % 3 EIY
WU T, BB L ATESPEIN 53 % 3~ CEIR
&= (CHFER bR, Type
N-N) &M, 40°C, WEDSHRMY T el
B U7, R &% 3.6m! OB SWM-II B
B LT,

S. costatum

L, AR —

B9 B H: A MBS 235
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co-culture of Skeletonema costatum NIES-324
with diatom lytic bacterium

—— filtration with a grass fiber filter
= filtration with a 0.2um membrane filter

40ml of filtrate

~— Ultrafiltration

molecular weight >10000 ' molecular weight <10000

—— concentrated up to about I
2m/ by ultrafiltration 36ml of filtrate

. o —— adjust pH to 2-3 with HCI
—— diluted to 4m/ by modified

SWM-II medium — extracted with ethyl acetate
“three times

—— evaporated to dryness under
reduced pressure at 40°C

——— dissolved in 3.6m/ of
modified SWM-III medium

Fraction A Fraction B
l l l
250ul  125ul  50upl  250uf 125yl 50ul
+ + + + + +
250u1 Ol 125u1  200u! Oul 125yl 200yl <f— modified SWM-III medium

+ + + + + +

&
-y 250ul 280ul  260u1  250ul 250u!  250u! q diluted culture of S. costatum
u [ u p H H H NIES-324 (2x10° cell/ml)

Control x5 x2.5 %1 %5 x2.6 %1 <@ concentration facter of lytic
| | I | material in each fraction against
} ] | that in original co-culture fluid

incubated at 15°C under the fluorescent lump of 35¢E-m?s* (12L:12D) for 7 days

Fig. 3-9 Procedure of the fractionation of lytic material in co-culture fluid.
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Fig. 3-10 Epifluorescence micrographs of dlteromonas sp. A28 attacking Skeletonema costatum NIES-324, Bar=10um.
A: Partially lyzed cells of S. costanum observed under blue-light excitation, Note that auto-fluorescence of chloroplasts

is weak.

B: The same diatom cells as in A and attached bacterial cells on the surface of them observed under UV-light

excitation.

(2) EEBMBBHEORER

RLETEIA D S, costatum NIES-324 D E:3%
W a2 SWM-IIT E5 L CHIR L, MRS %
2x10°cells/m/ (ZFEE Uiz, Tk H AP O
48 Uz N F T L kD 14 AD T 2T,
0.25ml SO ELE, MR E LT, WF
SWM-IIL-#5H# % 0.25m/ Mz, &0
0.5ml & L1z, 45 1 Tl E D@4y (Fraction
A) TUE, S. costatum OFEIREFIEIZ, (1) @
BAEIZ &> Toro ZH BRI LT 10 f55
JEICIREE L2l % 025ml (5 fHREX) |
0.125m/ (2.5 fFIREEIX) B 08 0.05m/ (1 {5 EE
X) SR ERMA, E5IZZE SWM-II
e 2 CRF oM % 0.5ml & Uiz, 4
1 U7 BL B o EEEE o 5L A M O T 4y
(Fraction B) TiZ, (1) OBEMEIZL »TiwO
F RT3 L C 10 FEIREEICIRE L7 migy %
0.25m/ (5 {FRER) , 0.125m/ (2.5 {HIREX)
B0t 0.05ml (1 fFRER) So8hEnnA,
E HIZ8ZE SWM-NIT K24 N 2 TR FH O
% 05m/ & Lz, MEEEOCOThoRERIZ
BOTH, lBHZ & 200 = /L&A L,

2ARETCE LT, ZOeAF T L F 15C,
35uEm™s! (12L:12D) DA ¥ a—%— (A
AREF I, LH-200-RD) (AN, B 7 B
B Z, S. costatum OFUNLHE B %3555 T 1 BEASSE
TR LT,

R

HEEOBRBREORHY

6 ¥R D Alteromonas JBHEE % ChEh S.
costatum NIES-324 Bk & “H K8 L, EEROE
RO 2 BMEEHZE Lin & 2 A, M
LR J o CiliEpk U, (REEZR S. costatum O
REDSMNT AT RE L7 0 B2 0§ B8R 238
EBANT=, 8. costatum DIEFEFIRED &, FIH
YA Ui S, costatum DR (Fig. 3-10)
DB SN, THOMBEAE L a0
NEDTIRZ RSN T &, FEIRE T IR
124, BERTO S, costatum FRRO NS H
I —HAEE L THE LT,

17 ¥R D Cytophaga BHBIZ-DWTIE, kD 2
WY OEMREAEE SN, — i,
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S. costatum ORI E D &, ZH BRI

Ta r 7S A R /ﬁ=:§égnﬁ3%b“?‘“< AR
DT D, £, S costatum O R E TRROME

FAMEPH, FIhbTRNTT A B
U722 & &R T Lo 0s LI LIERIE S
i (Fig. 3-11) o &bzl emit AL, 7
B R T A R BEAICHEM  MELE, 5
—H51%, Alteromonas BHE CR BB
RIHRIZ S, costatum DFEITF O E L CHIAA
FS T R LCHEKT S (Fig 3-12)
ENIDI LD THLD, 17THP, ASY HRIZOWT
IXHTE OWIEO LD, Al5, Al6, A37, A43,
A4T7, AS0 BRTRNAST O THRIZ DWW THBHE Ol
ROZM, All, A12, Al3, Al4, A17, A20,
A32, A35 BT A38 @ 9 BRIZ DUV TR O
WEEFR BRI SN, B, Zhbd
Cytophaga BINEZ -2V CiE, BAkoMiEs %
DYEUFERSY C S, costarum ORGP 11 |8 7°7
A PCTEE L OO A A U LIEELE

72 OO, FEEM 5 HEE S Lysobacter sp.
LB-1 BECR BN L 5 Rl (Fig.2-21)
B Eninsiz,

SR OEMOLEN
Alteromonas JRANE 6 FRIZDOWT, MBS EE
MO BT B 2 & S E DIEf A &R T
T OMBERIAR DI E S RS TER
% Fig. 3-13 [Z5R9, ME & S. costatum DI 5
23 'iZ/I/GDPﬂﬁl!l (KT B) (ZHEE L 7= B
FRERAZ BT, BEREE, W oRIE 44
@LL%%K m“%ﬂ%SHH*T (iR
Hu, B OMMREEE X 10" ~10%ells/m] 123%
L“Cl/\fce U A0 (RE F) 2R 4
PR L2 RBREKIZB VLTS, MBS s B
HETIZS U EA0nl (Kl C) OFEROE
EHED BRI, 2 UEA0IMI (Kl F) oM
B 107 cells/m! OIS & THIM LTz,

Fig. 3-11 "Microscopic observation of the protruded
protoplast of Skeletonema costatum NIES-324 lyzed
by Cytophaga sp. ASY. Bar=20um.

Fig. 3-12 Microscopic observation of the vacant cells of
Skeletonema  costatum  NIES-324  lyzed by
Cytophaga sp. A15. Bar=20pm.

7pks, KE EICHIBEERG S BRIV TD
HIE OB ARRD ENRbo T &G,
Alteromonas IBHIE 6 ki3, WM B S, costatum

ORI 5 = & 2 ZRERIRT
LA B
7233, Cytophaga IBHNEIZ DT, EESED

BIRENALENCHER A T L7 4 4
—Z%E L CHMOREICEBALTLE>
2, BRIBLNRD T,
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Fig. 3-13 Lysis of Skeletonema costatum NIES-324 in MILLICELL (compartment C) separated by membrane filter (pore
size, 0.4um) from the outside (compartment F), in which diatom lytic Alteromonas sp. was inoculated. White bar
indicates the cell number of S. costarum in MILLICELL (compartments A, B and C) after 18 days of incubation (after §
days from the inoculation of diatom Iytic Alteromonas sp. to compartments B and F). Black bar indicates the cell
number of Alferomonas sp. in inside (compartments B and C) and outside (compartments E and F) of MILLICELL
after 8days from the inoculation. See Fig. 3-8 about the scheme of this experiment. ND; not detected.
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TEBEBRICEENDEEAMITFNE

Alteromonas JBINE -2V T, 1994 412 H
fit &7 6 %, Cyrophaga BHIEIZ 2V T,
BB ENIEI L > CH S 16 #RiZ,
TERAARMMBETE D & BARE S 7 ASY BRE M A2

B 178k %, ENEN S, costatumNIES-324 BR
& TEERHE U, 8. costatum DEETE SR
T, ENDDOERAWEED, T8 1L
LSy (Fraction A) KUk 1 MM
O T LT EPEOE 4y (Fraction B) 124y
FTENRETNREL, ThENOWSICEER
WIREERE EN TV AN E I M2V TH
Bt L7,

ETXME LT, WA SWM-II Kb & 5538
4, 8, 12 %0816 A EH® S. costatum NIES-324
RO LR AR E TN ENZH IR AR &
FERDFIE (Fig. 3-9) Zft-THME L, EEH
IEIEIEOF AP~/ & 25, Fraction B D
SIS T, BREE T B BICATE L CuvinEE
WS O Y, S SWM-NIT BRI S
costatum L L I28A LTl ino
{(Fig. 3-14) . &7/, FBRERXTITHBNEY
Mg U B s g s h s,

Alteromonas JEHNH 6 BRIZ2W T, Wi
b T RAE A Fraction A & Fraction B DX
FC, g 7 HBICARE LTV BRI
RN, S, costatum O W AR AW O
Fraction & Lb~_A5 #2472 55 7243, Fraction B
D5 {FREX T, ARMEERsREE S
[FRkZ, 1EIFE2TO S, costatum DRNLOPNE
Wdide LT oizwt L, Fraction A TS5
fERERIZBO TS 10%cells/m/ LA OEESEHD
Jas AR LT (Fig. 3-15) &

Cytophaga J& 17 BRI DV CRIBROIRE 24T
o P RERLE Fig, 3-16 10T, All, Al12, A13,
Al4, A17, A20, A32, A35 TR A38 O 9 #

107 .
Modified SWM-ill

=
g 107
£ 4 day culture 8 day culture
g 10°
&
8
-
‘5 1ef
S
2
g !
3
[=3
5 0
© 7

10 12 day culture 16 day culture

10°L ]

103

10*

oi

Cont, x5 x2.5 1 x5 x28 x1 Cont. x5 x25 x1 x5 x25 x1

Fraction A Fraction B Fraction A Fraction B

Concentration of lytic material

Fig. 3-14 Diatom lytic activity excreted in axenic culture
fluid of Skeletonema costatum NIES-324. Culture
fluid of S. costatum was collected after'd, 8, 12 and
16days incubation and fractionated according to the
procedure presented in Fig. 3-9. Black bar indicates
the cell number of S. costarum cultivated with each
fraction after 7days of incubation. Each value
indicates the average of the duplicates.

WL, ZEEERAED Praction A & B
ORITT, HEAE 7 B BEITAER L OO EERG
NADBEERS, i costatum OUEHEEIE A O
Fraction &l ~HEIZD o7, £, ASY
FRIZ DWW T B8 AR D Fraction A DH
T, AlS, Al6, A37, A43, A47, A50 KX
A51 D 7T ERIZ W T ZH BR 38 AU O Fraction
B O C, 8% 7 B BUZAEFE U Cu = BERANS
DIEFEEN, 8. costatum DIEFHEERE SO %
Fraction & H~FHEIZD Rivoin, ET,

Fraction A TEEMDIEIRAS R S =AY
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A27
<506
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167
A30 Ad42

x5 x25 x1

Cont. x5 x25 x1
Fraction A Fraction B

Cont. x5 x25 x1 x5 x25 x1

Fraction A Fraction B

Concentration of lytic material

Fig. 3-15 Lysis of Skeletonema costatum NIES-324 by
lytic material excreted in co-culture fluid. Co-culture
fluid of S. costarum with diatom lytic Alteromonas
sp. was-collected after diatom was completely lyzed
and fractionated - according to the procedure
presented in Fig. 3-9. Black bar indicates the cell
number of S. costatum cultivated with each fraction
after 7days of incubation. Each value indicates the
average of the duplicates.

a2 b5 A O,

ST EAITIES. costatum DRBNED O
MENLENROLN, WTRBEWEER

B LEPEBRAR U Th o7,

BEERIIE

Fraction B "CIEHAH A

E B
I A3 IR IR A TR AR D L < IR B 1
FIBIEIZOWTIE, 85 2 B8 4 Wi iR LelE

BARIEMIEE OB S L RIS, AIEEME I
B L CEERBREITOISE L, HEL OB
fili % MEE &3, MIEONRMESDIC L > THE
FEOWRM - BBBRZHHED 2 B BHEE
IRTVD

WP AR BE U 2 © BLRE S T VR R
Cytophaga sp. JI8/MO1 ERIE, FBEB T2 o+ N
C. antiqua %5 U715 0 8 BER AT
HIEERRO Do b BEIN TS
1993) o BEYVEEE TR AR b E
AN Saprospira.sp. $S$91-40 Hﬁ
EEWE Chaetoceros ceratosporum & 0O 4 ¥53%
TP R BRIE PR3 FR 8 B#’L/Q?/DVD té:??&""":é
WA GRHE, 1994) , IREE D HEEES
Wi Alteromonas JRANEE S Eké: R #iX, #h b
DN C. antiqua % FEAICTEME LT R T4
W f TR AWM C. antiqua (23T B R BESED
RERRholebBESN TS (Imai et
al, 1995) . TH L OMEL, W bATE

(Imai et al.,

DVEFBIER2EB>O TRV N EEZEZ BN
B, PEo T, ZHODMBEOMESES SN

WHEIEOTRBIRE S TH2RNY,

— 7, fERE RN O BRI 2 & BAEE X s
Pseudomonas sp. T827/2B Bk, MMz Pr
Lie & w30 STREEFREROMEIC &L » 'Cfi:‘
Thalassiosira pseudonanna % ¥4 % & Wi
N TW% (Baker and Herson, 1978) , E;Efﬂ’}%’\
T T D & BB STz Alteromonas sp. 6/6-46
R, ERB L CHItCTE 280 THHE %
MMM I U, G. mikimotoi % 3% 5 &4
HEEINTWD (TG, 1992) , @/
R & BLEE X 7= Flavobacterium sp. SN-3 £
i, AKREEEOHINISIMES FIEIZ L - T
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A13 At4 Al5
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A32 A35 A37 A38
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<50 N
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SRR A
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Concentration of lytic material

Fig. 3-16 Lysis of Skeletonema costatum NIES-324 by lytic material excreted in co-culture fluid. Co-culture fluid of §.
costatum with diatom lytic Cytophaga sp. was collected after diatom was completely lyzed and fractionated according to the
procedure presented in Fig. 3-9. Black bar indicates the cell number of S. costarum cultivated with each fraction after 7days
of incubation. Each value indicates the average of the duplicates,



TER TR RS 2315 3 A ISR Y 9 2 AR IR TRSR AT T

G. mikimotoi % F W5 LME SN TND (%
ROETEE, 1994) o FRILUR B D & BE
¢, WTERNT Flavobacterium J& & E &z
WFEEAIEE E-401 BRIL, MRS P -5 @0+
DFEHEEM TN & > T G. mikimotoi &R 5
LR XN TV A (Yoshinaga efal., 19952)
JEE V2B 7 © BABE & 7% Alteromonas sp. A91-
39 i, RSN g 5 B L Chll
SN DARBMARSFEIZ K- T Chaetoceros
ceratosporum X2 Chattonella marina % JEI§ 3 &
HEHESRTHD (RE, 1995 , Zhb
DHEIL, WTRbHREOEMARELRFSL
DEEBEZEND, LLERL, Zhboik
BTN TR EHAET LT
W ETz, IR HEEI NI Alteromonas
spp. K # & D ki, 45« OB C. antiqua %
SERICIRME Lo TR oD 12 T B A
A, C.antiqua W5 D RBEIRERT T &b
5, RED, RMEDIZL > TEREEITY b
DEEZLNTVD (Imaietal, 1995) ,
BLED &5z, ZihvEcloBi s R/
MUHA RN - BRI O R o E B
Bex THDR, WEMEIZOWCIATE O/

RBEzR->b 0N, REMBEIZ W%
FOERBIEEZR 2L ORE &V HHFR
FAD, LLanb, ThboEREEC
DUVNVTHE, AUHEA & BB S 7 AR
B RIZOWTORREBITOR TS 5E
NEL, F—MHE»LHBLNMBREICLY
AR & SN 7O BEERIZ >V TR 23T
b=k, RBE»O BBz 4 5o
Alteromonas JBEFNE (Imai ef al,, 1995) DO&HT
&Y, ERRMEM CIERBIECCoBRED
ZRERROENDOMZONTIHE, Tl
WRLR, I TAPFRIZBNTIE, AW
e o Bk &, 18 RE S /- EEseva gt
HME D 5 B, Alteromonas & 6 Bk K O Cytophaga
JB 1T BRI DWW, S, costatum NIES-324 #RIZ %)
THERABEEZR~D L&, Zhondo
BEDOZMNE LR TONTONTHREEST
D70,

S. costatum % FEIHRAHE & 5 R OFEAE
FINBBRIZ 2725 1994 4F 8 A 22 HICHHfES
iz 4 BREE e 6 D Alteromonas BANE T,
Wb, S, costatum OHIIAWC 54615 L (Fig.
3-10) , EEBAOMUSHNEY & EfR - RS ED

Table 3-10 Relationship between the characteristics of the process of lysis of Skeletonema costatum NIES-
324 by bacteria and the lytic activity excreted into co-culture fluid.

Characteristic of the
process of lysis

Fractions where lytic activity is present

MW# is 210000

MW+ is <10000 and
ethyl acetate soluble

Both fractions

Appearance of ASY
protoplast

Disappearance of the
contents of diatom cell

Al5, Al6, A37, A43,
A47, A50, A51

Both of above

All, Al2, Al3, Al4,
Al7, A20, A32, A35,
A38

*; molecular weight
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EWnd, Rl—0BMBRER L, LML
Be, BEMTEREODOMEREL X
TELT, WThbAYT VT4 e—T
BTBRTWTY S costatum kB TEE
(Fig. 3-13) , F£7, Ihb 6BIZDNT, &
costatum TEIFE O ZH BB ENE L, ED X
DR IEIRTEER B EN DI PEF L
A, WEROBRIZOWTHAFE 1 BEE
DL KOG Fh 1 TR DHE T F /L H]
BYEOM ISR S e dd, %EOm
FCEENDIHEROFR L V@I (Fig
3-15) . BLLORERM»G, Thbd 6 %o
Alteromonas JRANEE L, EEBORRICASE L,
F & U THIRAMZ W 5 Bk F A B M
DIRG T IR E 2 FH ST, BB oM
JaEDZ ML AT L), B—0fF
FBER > O LYl &S, BT
T T & 2 Do SRR AR - B T,
fhoUEE > & B X 7z Alteromonas JERFNEE D>
BbhRIHSATHWD (TG, 1992 ; K,
1995) Z &Mk, Alteromonas JRHNTE QM4
5 RBI R USRI - B TR vin g
g ah s,

=7, S. costatum % EEHERAE & 3 5 HR 0
FEFAENFIZ Y e DEN LA BIUIRBEH
Bt S 77z Cytophaga RMBEEIZ DWW TIE, S
costatum FUNE O VEARBTE % BBI T cBZE L
k2 A, BEER Yo NI A MRICEMRE
NaA%E (Fig 3-11) , EEROMIMMNZAEY A
Je LCHRT D88 (Fig.3-12) , RUEDOH
FBRFFHZR NS HE D 3 Y OlfR»
maINnIz, I, THEERIEAIRP O
TEWBFEETLENE D, EAEPOED
&0 WA TEENTEET D e & ORI
Lo TEMAITofE, Tho 1THE3 D
DY N—TVIERICE /= (Table 3-10)

N

TEBERBEOBBRERRBRC LTI
Z A MEDHZDBEEEN T ASY HRIZOWT
1, ZHBERASEONFE 1 T LEOESD
RICEfEEES B Gz (Fig. 3-16) Z &
B, MEOELT D WO TOBEMENEIZ XL
STHEOMBS Yo NS Medhd b
DEHEREND,

P EEBEIC X o T S, costarum ORI
WOHEROHBBROH BN 7 BRIZOWTI,
WP S ZE RSSO TR 1 TR
Wl o L ATYA P OO T 43 O T3 AT VR ARG 1 3 3R
BhNT (Fig 3-16) Z &b, MM
3B FEEE o F L RIEE DR S T IR E
EFIC Lo T 8. costatum DHINNED % 7
- FBTHLOEEXLND, Adlteromonas
JEMITE & Cytophaga JRRE O—H A3 CIEH
BERR U Z LB, — T, &
Bl n b Bt SN S costatum B3, B &
DORELT HEHR=F AT T & 2 HEME
WL - T, BEHIIAD & RMICFERS
LHEWIRMEL R ENTND (Imada et al,
1991) . ZO B CHEEMHEORM S,
15-hydroxyeicosapentaenoic acid & [FE & Ty
% (Imadaeral, 1992) , &7, ZOHCME
WL, BE®E S. costatum & Chaetoceros costatus
KOS 7 4 B8 C. antiqua & C. marina \Z% L
THWEMIEH AR LR, BEE D
brightwellii & Asterionella japonica (234 51%&
MIEE5 <, HEEHE Prorocentrum minimum &
G. mikimotoi 2% U AR AR & o fn &
WEEXN TS (Umadaeral, 1991) , AHFZE
WZBUW T S, costatum NIES-324 #k13, [
PRGBS AIE P D4 T hk 1 J5 R CHElE =
F AT RPE OB A I OEIRIE RS R b5
% (Fig. 3-14) b0, EBEWIZE > THLH
LARVVET Imada & O BEREERR & 130878 > T
Do LdLde, ARG HEES



WA B ORI 376 T B I SSUA AN 1< 5 AR AR IR A B 5T

Alteromonas JEHIE & Cytophaga BHIEL, EE
FOMIZT 7 ¢ FHC. antiqua \ 23T U CHEIRTE
%R ONRE WD G mikimotoi {2 LTI
TEVEZ R &0 (Tables 3-8 and 3-9) &5 4
T, Imada & (1991) O L T5 H S
WHE, EEEIELELTNDLZ ENER X
N5, GEIRH SN filE = F A MO
FEREDE ISV TS, MBS EREY
HaMELE L TODAREMEOMIZ, W AST S
MOMERIC L TEEM % Ea%%é@fw
REEELBEZOND, I OBRMEYE S
Lo TEESNTNDONED, ERED
LD REHTCEEIND DR LTSN
LEH I DI EIT> TS LIERH 5,

Zﬁ OV IRRFRD R Shiz 9Bk

DWTHE, ZHEBFARE O WG O oy I FE SR
mitEhie (Fig. 3-16) Z &b, 2 fIHOE
R B OHBIERIZ LY S, costatum # MR
THHOEHBENS,

CLEOREE NS, Zh b 17 B Cytophaga
BN QR OEREBERD, F—Tik<, »
ROBKETHDLZ LRGN E T, E,
o 2E DWFINT BARIE & 7o B AN RS E O 1R R B
EREO & W) &) 22BN R S h
T, te UARBHINC B & h - ERR iz 380
Th, PRVOERERR OGNz, All, Al4
B OVALS O 3 BRI TR (19924E 1 H) 1
B S A, SRR L LT ¥ (Table
3-7) , 73D 16SIDNA DOl BREEE Hae MIC &
5 G o> RFLP /8% — LV R3FE—TH %
(#, personal communication) Z &Mn, ¥
PRI RAGER TH D LB 2 o503,
ALl BRE A4 BRIZAE EICHART 5 Zko
TERG-T ORI 2 EH &4 S, costatum
7w MSF A MELTEBRRATS O
L, A1S BRIZEEEE = /L Gl S 28500
MRS BT C S, costatum OFIIBIE %

BAAT 5 &S Ko, ERBERE2L
RlpoTie, £z, R—OPWER (1994 F
11421 B) (CHBES R A32, A35, A37T X
TRNA38 D 4 BRIZDOWT E Hae TTHIT & A 0T
T RFLP /\’}7—-/755[?5]““"@&)07:751, A35 B
& A38 BRITR—OERBEEZ R LIc b OO,
A32 BRIZZHE BRI RIEE AR O b
VT, AT BRILS. costatum OFIRE 7 0
7SR MMELRWET, FREBENR
BoTWe, TR DFEND, Cytophaga &
BB LT, S SRR LR A i3 7 1
FREZ BT, BERRICH T AIEMmo/ER S
ERZHLLTHD LD EE X LN,

Alteromonas J& #1623 B — o> B F BB 1R & 5R
L, Cytophaga JRMITEE D SRR HEES R 3 EEH
oWk, BIRRE TS TR, L
MULRNRG, S &b RGO B
B BERENRY Blp o T O TIEAen
nefpEhD, 4%, HEHES DNA 7
— 7 & AT 0 SRR I ER R S huh
W, BBHEEIC 3B1 B T b ORI 0 55T A
EUBELIMH SN, [Mon0F@RAEON
HZOTERRVIHEMFBEENS, £/, Zhb
Alteromonas BB R OY Cytophaga JRHTEIZ D
VT, BEER & O THE RIS L o Tl o
REMOEFBEE L & B R 2 &
B, BB OSEERBRETYL, h
SWH OERBIER, EERAR EE2W LM
LT ZEREERSD,

Vil Wivem

AR WE

(1) AFCEESRMA LIELEss4EL U
BT R & I B % 5. 2 T 5 A B HHE | L R
FEHRIC BT, 1989 4E 12 A 20 H A5 1990
E2 A 28 RZsTo ) VIR — X iz,
W PE B R AR I OWE £ IT o 72, FOR
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B, Vibrio RMEOILBREL Acinetobacter-
Moraxella JBHIHEDOLERE VD, BHE
b U 7 W % A ORI FE 2 5R L7213y, T8
AR Iz 582 LT BEBE S, costatum D /NI
B2 T N WFIZ Flavobacterium JH N D3 A
LA 60%E CRE L7 2 & SR Th » 7=,
—J5, RIEEIT>72 462 HROTERIARME I
DUNT, 8. costatum (3T B MG E 2 i~
LA, BEOTA— LIS LT
Flavobacterium JEANE 3037 b S IRTE M %
RETP, R LD Cytophaga BAITE 1
R (ASY#R) oHhThol

(2) 1992 4E 1 A6 1995 4E 2 B ioot TA S
BT, EEMES. costatum NIES-324 #R% 18 22
WA R IR SRR & o CEEBRIE A
B OBIF R A A LT, S. costarum ERRME
WA, R OIERERIZIT 5 BT~
10'pfu/m! DRI Th o725, HE L RfEo
S. costatum % FERAE L 3D RO ER]
WIBBE AR L7z 1994 48 8 A 22 BIZIE
10pfu/m! DOFEHBEETEML T, —F
Rhizosolenia =0 Chaetoceros % FBERERHR
& T BEESSRM A A UL, S, costatum
R A e T S M AR L
DD, 10%pfu/ml DIEHE I E 72,

(3) TE& 5721 AR BERE o v v HE T 98 RKSEAR
EICHBLLE T T — 2 inb, S, costatum VEREYE
WAED OB SO R ZRN S, 29 Ko S
costatum VEREMIB 2 BBEL 72, Zh b 215
Bl L& 25, Cytophaga TRAMEIN 16 Bk &
b &<, Alteromonas JBHITE A 6 B,
Flavobacterium BB 4 ¥R, Pseudomonas I
HIBEH 3 B TdH o 72, S. costatum % FEHREALAR
&EF D IR OFEEDM EPEIARE L7z 1994 4
8 A 22 BT, Alteromonas JB N O & 0% BAEE
ENTz, S. costatum % FHARFL & 5 5 AR O
JEFE AW Y L2KEN L L FILE,

Cytophaga JRMIEN 2 MEEShizb 0D,
Flavobacterium JBHIHE, Pseudomonas JRANE &
O Alteromonas BB b BEEI N B4 & S
costatum VEREMEMIBEFIZZER Ch - 72,

(4) Alteromonas BT R O Cytophaga TRAIHH O
BEEFEREERL A, WThOBEKEDS
i EILHWE S ARy
Coscinodiscineae #f Fl Coscinodiscaceae £ (OEEHE
FROEML, B sMCBT 5 MIER G
mikimotoi % VB TERVETHE L T
A, I H OHEEPR UMICBT 67 74 K
B C.antiqua FEBETEHHLOLEL, Thb
DfE ERF R TR AE - 2, E T,
Alteromonas FRARE L, A25 BREBR< 5 B(E]
UAEE AR L, A25 BRDY D. brightwellii % 15
LR TORELR > TWIZOIZH L,
Cytophaga BHIEIZ DWW TR, HEICHWE S
E b i H
Coscinodiscaceae Bl OEEWMF R <AM L, G
mikimotol H R TERVETHB L T
2, fREEH ORI CMIZB T 55 74 K
P C antigua \CK LT, ZRBEEBMHTES
Bk E TERVWHERNEFEET DR E, Thb
DEERITZHRTh o7,

(5) Alteromonas FBRNEE O S, costatum (2395
WIROERBEEZ R~ 25, Thbid,
EEmoMaiofMg L, =E LTS W
45 BRI LW R OIR S IR R %
EM &8¢, BRoManAEY %l - F1H
THEWS, WM—OERBEER LU,

(6) Cytophaga JBANEE D S. costatum \Z% T B8
fROVERBEIRZHETH Y, @o Tttty
Tk » CHEHBNEE Y 7T A MeT 5
H,0, Alteromonas JBANE & Fikls, Bt
JVRTERE OAR S F IS R T & o TEESLH
TRNEDEERFAT 2650, RREOHE
DEMBIFEZRTHOO 3 BRLNT,

costatum

costatum Coscinodiscineae



TR O BRI 37 4 B SRR AR A B i B 3 B A AR RS RITSY,

v

RATE i 1E

WA IO & 5 R ERELOMEAT
BRI EB T, HRICERO KSR A
L, REARDNEER, HRETOHEEER
FOFR & »TO B, REIHRIC BV T,
Z 74 P, MR, EERVR E o L
HUERAEL, SR biiEs 52T
Wb, TOXIREIHD T N— LDRE -
BAZOUVTHE, M6, KR, SRR Y,
B OB B2 RET EE b5
B - ALFRBER O 778 59, oo BRIEPHIH,
W75y b EOMAMBE NS T2
EYFOEROEERERER LTV D
DEEZBND,

T — BOVHEIRIZ R BOE T A A B
Fo—-21z, WANNIH A BT D52 R
MEDOFERBZT BN TS, M, ¥7
J 7=V, T AN, RRERE, 2HR
WAEMBNER L BRI DR ER->Z LT,
HLIBHOENTWD, THIEMBEIZE
THWMEEEL,
T, Cytophaga & B ¥ Flexibacter JRHIH A3 HEME
BT AN E S EHEENR TS, F
7o, TG ORI EME R I B
DT N— L OWIRICEE LT DR
HHBIHENTHWD, LoLans, Zhb
MEDL D IERBEIC L VBRI L — 20
HHGEEICEE LT A 00, REZCHDL
MTIEIR, — 0, IRETHRIZ T 2 R
JHIRMRYERIENC B LT, DR L,
EEEERRARERE N,

F 2T, AR TR R O BRI 4y
i3 2 PANSSH S R A B O A BRAETE 2T ©
MIZTAHZEREME L, BARORRNE R
FEWI T d DA & AR E S b OHETT 3 [
BUZ IR > T HEERINEEY, E-RENRE

Lysobacter &, Myxococcus

3

KRB LEPETHIENEE 7 4 —V FIZ
BOY, BRI K SRR 320 DG SR A R
WAEHOBEREWEL, Tho &HET LV
=& ORI OV TIRE L, Ek, I
JBFEFR AR LA = Ui 75— 7 i B IH
IR 2 B L, 2 b ARSI OM
MISE & TSR A D LIt & o T, M
L DBMOERBIEIZ OV TIRE LT,

Z OFER, EEWRWSW T, ETEF
R Lo C, B CHEREL TV
W7 N DTRTE LT B RE % R o Wi gtk
WEMEHRRTFETD 2 &, E20BfFik
37— SOOI THIM L 10 pfu/ml @
BEWZETDZ EMWRENT, BEEEREEK
EZ L o> TH LN EZED IRz 2 > T
DEREMEDR N &b, EREIEERE
OMBEETHEEL TSI LD EEZON
Lo Eif, HEELANARNRWMEME
Lysobacter sp. LB-1 ¥R DFFOREMUEAE OVE I
TR~ ToRER, FEROS BSR4
B ad T E I EE TS 2
&, EREAREEAZESESICL, FoMiE
AURICFZ L, EOEDICEELTY
o7 7 —EERERSEDL LV, REBIHEHR
THHKRKPICBNTHRD THHRB EEZ LN
LHERBHEER > RN R, &
Bz, R &R dnabaena cylindrica M-1
(IAM) Bk & O BRI > CHREBRAE O
TRAFEHNC RS U7 2, Mk, e
MIEFIZHAE L T D MR oK 5
EOM (extracellular organic matter) ZF|/H LT
W 205, BN EFHIZA > TEOM Offt
AL ED &— B A EL L, BERos
WHEAE L5 &, 4 BB ame e k%
fRL, WHLTL 2B ERALTELII
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W5 & D, BN RUEBAY R R E %
Y ZEBP LR,

LLEDmRN G, HEHRHMIZRT S
EERA MR EME ORI, BT Lo
HE XD, EWMEMETRENEZ, B0
7N B O IER LRI (TR RE D A B % F
ALUTEREECTERFL, HEOERTL— A
FEAERGIZ IS, BEMORHT 5 KED EOM %7
AU TR E T 5, B AR
WHEM AT 5 7 — L OWRINC I, i
BECHAAE LT D iR v A AN 1, B sei
faaEEEf - AT L& s T —
LADOERENMHEIEL2WMEE LIzOL, T
— LAYHIRE SIS L CE RS E CEFT
B

—J5, HANEC, BERE Skeletonema costatum
NIES-324 #&ME EICHWTERFEREZT-
72 & A, 8. costatum VEFRMERAEY (REHIC
EHIEE) 1, RWIOIERERICTIE 5 RN~
10'pfu/m! DIREE THEB L, EEL RO S.
costatum % EERERLAE & 3 5 R OFE A
RHEZR LT 1994 4 8 A 22 HIZIE
10*pfu/ml @ % B E THM L TWi=olo st
L, 4ZB\Z Rhizosolenia J&R° Chaetoceros JHD
BEM 2 R BARARTE & T D EERRMI DR E LT
B3 10%pfwml DFEHEEE T L2 Lo,
fro T OREENS, AWML REERIZE, S
costatum DFRWNAKTE UTo EME % R DRE
IRV IS TETE L CO B ATREME S R &
Bo I S. costatum TEFFVENNEE 2 HpEL, #
GRERCERREZ{T o7& 25, 1994 4
DR HBE S N NP2 T Alteromonas T
METHY, B 8 A 22 HICHish
Alteromonas JEAMHE 1353 FSFRIER AR D TIH
LT, 26D diteromonas JRFIEE O S.
costatum V2Rt D EEMFOVEBEIEZ P~ T 5
B, WPROBERY, S, costatum OFINRIZAS

A
3 U CHIRAMT IR E 4 HERE o~ F L W IR O

K5 T 2 E R &8, ToMBRE
WEER - AT 2L 0D, BEIEBRTH
HUFARFIZBNTHED EZBZ LN DR~ DE
ABEE RO T LB BN o T, — 75, S
costatum % EERENFE & 92 IR DIEFE AL
(W= BEKEN B A BIZIE, Cytophaga RN
N Bt S iz b DD, Flavobacterium JGH
i, Pseudomonas JRANE B O Alteromonas J&l
b B SN D A CIE AR T D
ToMBEkbEZHESRL
Cytophaga JEHNEIZ 2T, SIHEEMMIR, 18
TR R CEERIE R OE B E 2~ &
5, TS OFRFHMERIGEEE SR
WHZ Lo Thvip v Blp-TBY, HEEP S
costatum \ZXT9 2 EMOERBIED =24
ThHHIENHELNTR o, FAHEIZE,
1360 THRRAREERAMEMIBE LB LTV D
T EBTRIREND,

A E D& R & A BIMHG B IHRIC B 1 5 8
MR O AERRIE, UTOL ) IR
D, WA S AR B R VA AR M A T A 8
FELTEY, HIERRPMORBERIIE,
M SNOEMIC L T, TOPRNEH D HE
DIFEFEA BRI L TE TELE LR
Be ZOMBEBENBREEEZRITS &I
& o TEEMARP OWBIRRIZEE L RELT
WD AREME B E X B D,

VB & i PR CAE O R MR & i 5
&, BEEWCIIEWI T, T LRAERE .
FEFE A IR & B3 i A o0 A28 s Tz
DR L, HHHEA RIS AW REE L
BIHFEOFRM A T4 Uz d, | Ua%HS
AR & 18 223 A D dlteromonas TR A3
HLTED, 2RO, S
PERIZ DWW THEEBIC OV THRD TEHR
PRER PRV S IFAE LTV s, BRaz

27,



MR BRI 9 B B R 1 B B A A R T

STHRR ST, TOEIBRESHRELN
HEBOOEDE LT, WO LD RER
Bl LWE R, BERCBEORENS GRS
WICIX Microcystis J&) M7 — b & TR
TBHEWVD, FBERE /Y — TR
BOEBREZ D0lst U, AW CHEER
TP HERE L ChBHO0, ZoEEMKE
BEkx THY, ERLHOENNLRIHES
R THDZEPEL, SLITRRER D
REMTHD LD KO, HANMEOER
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Summary and conclusions

Ecological and physiological studies on algae lytic bacteria
in lakes and coastal waters

In eutrophic lakes such as Lake Suwa and Southern Lake Biwa, blooms of cyanobacteria have occurred
every summer season and have become an object of public concern, especially the moldy taste and odor
problems in drinking water. In the Ariake Sea, one of the representative eutrophic coastal waters in Japan,
blooms of diatoms have frequently occurred in the winter season and have damaged the production of nori
(Porphyra spp.) due to the competition between diatom and nori for utilization of dissolved inorganic
nutrients. As to the mechanisms by which algal blooms develop and decompose, many detailed studies
have been reported about the physical and chemical parameters, which may affect algal growth and primary
production. A few studies have been reported from the viewpoint of the interactions of microorganisms, for
example, interactions between algae and bacteria. In this study, the abundance of algae lytic bacteria was
investigated by a double-layered agar technique in Lake Biwa, in Lake Suwa and in the Ariake Sea and the
mechanism of the lysis of algae by bacteria was examined in coculture in order to know whether the
decomposition of algal blooms in lakes and coastal waters was really affected by such bacteria.

Seasonal fluctuation of the abundance of cyanobacteria lytic microbes was investigated in Southern Lake
Biwa in 1985 and in Lake Suwa in 1985 and 1986. Anabaena cylindrica M-1 (IAM) was used as a host
cyanobacterium for the detection of lytic microbes in 1985, whereas Microcystis aeruginosa NIES-99 was
used in 1986. In Lake Biwa, the number of lytic microbes in surface water was in the range from 10° to
>10*pfu/ml, and its fluctuation was well correlated with those of chlorophyll-a concentration and the cell
number of dnabacena solitaria, a bloom-forming species in this lake. In Lake Suwa, the number of lytic
microbes in surface water was in the range from 10° to 10*pfu/m/ and its fluctuation was well correlated
with that of chlorophyll-a concentration in surface water in 1986, when M. aer: ugmosa, bloom forming
species in this lake, was used as the host. On the other hand, it was in the range from 10' to 10 pfu/ml and
its fluctuation was not correlated with that of chlorophyll-a concentration in 1985, when 4. cylindrica,
which had never been a dominant species in Lake Suwa, was used as the host. Because bacteria always
occupied the majority in the cyanobacteria lytic microbes in both lakes, 8 strains of cyanobacteria lytic
bacteria were isolated from Lake Biwa and 21 strains were isolated from Lake Suwa. These 29 strains and a
strain (LB-1) isolated from the surface water at Shimosakamoto station in 1984 were gliding bacteria. LB-1
was identified as Lysobacter sp. by its high G+C content (67%) of DNA and inability to form fruiting body
or myxospore. Nine strains from Lake Biwa and 11strains from Lake Suwa isolated in 1984 and 1985 by
using 4. cylindrica M-1 (IAM) as the host indicated specific lytic activity against cyanobacteria belonging
to order Nostocales including Anabaena solitaria, whereas 10 strains isolated from Lake Suwa by using M.
aeruginosa NIES-99 as the host in 1986 indicated specific Iytic activity against cyanobacteria belonging to
order Chroococcales including M. aeruginosa.

A protease was purified from the culture filtrate of LB-1 by ammonium suifate precipitation, anion-
exchange chromatography, cation-exchange chromatography (first), hydrophobic chromatography, cation-
exchange chromatography (second), and gel filtration in order. The protease was purified 36-fold, and the
final yield was 4.0%. The molecular weight of the purified enzyme (LB-1 protease A) was estimated as
32,000 from the elution volume at gel filtration. Optimum temperature and pH of the enzyme were
50~60°C and 10~11, respectively. The enzyme was strongly inhibited by phenylmethanesulfonyl fluoride
(PMSF) and weakly inhibited by antipain, but not inhibited by ethylenediamine-tetraacetic acid (EDTA),
pepstatin, leupeptin, and phosphoramidon. The enzyme was considered to be concerned in the lysis of
cyanobacterial cell by the bacterium, because it could lyse the cell of 4. cylindrica strain M-1 (JAM) treated
in sodium dodecyl sulfate solution at 100°C.

Process of the lysis of 4. eylindrica M-1 (IAM) by LB-1 was examined in coculture. When LB 1 was
inoculated to the culture of A. cylindrica, the number of LB-1 increased rapidly (up to about 5x10%e lls/mi)
without lysing cyanobacterial cells possibly by using extracellular organic matter (EOM) excreted by 4.
cylindrica. The growth of LB-1 once became stationary, and the number of LB-1 increased again after A.
cylindrica reached the stationary phase. With its increase, many green clumps appeared in coculture. Their
center contained partially lyzed cells of 4. ¢ylindrica and their surface was covered by a great number of
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LB-1. Clumps increased in number and in size with the progress of lysis. LB-1 was considered to be an
opportunistic pathogen of cyanobacteria, because the stationary phase cell of 4. cylindrica M-1 (IAM) was
susceptible to protease produced by LB-1, whereas its log phase cell was resistant to the protease.

In the Ariake Sea, changes in bacterial flora in surface and bottom waters were examined from
December 1989 through February 1990, Flavobacterium was dominant (up to 60%) during the period of
small scale bloom of a diatom Skelefonema costatum. Four hundred and sixty two strains of isolated
heterotrophic bacteria were screened as to the ability to lyse S. costarum NIES-324. Among them a strain
(ASY) indicated strong lytic activity against S. costatum. It was identified as Cytophaga sp. by its gliding
motility and low G+C content (32.7%) of DNA. Other strains including 204 strains of Flavobacterium
which were dominant during the bloom of S. costatwm did not indicate lytic activity against S. costatum
NIES-324.

Seasonal fluctuation of the abundance of diatom lytic microbes was also investigated from January 1992
through February 1995, mainly in the winter season. S. costatum NIES-324 was used as the host for the
detection of Iytic microbes. The number of lytic microbes in the water sample was in the range from <5 to
10'pfu/m/ when the bloom of diatoms did not occur. It significantly increased (up to 10*pfu/m/) on August
22, 1994, when a bloom of diatoms, in which 8. costatum was dominant, was rising, whereas it slightly
increased (up to 10%pfu/m/) when blooms, in which diatoms belonging to suborder Biddulphiineae such as
Rhizosolenia spp. or Chaetoceros spp. were dominant, occurred in the winter season. Because bacteria
always occupied the majority in the diatom lytic microbes during sampling periods, 29 strains of diatom
Iytic bacteria were isolated. Among them, 16 strains were identified as Cytophaga spp., 6 were as
Alteromonas spp., 4 were as Flavobacterium spp. and 3 were as Pseudomonas spp., respectively, according
to the scheme by Ezura. Alferomonas spp. was dominant during the summer season of 1994 and only
Alteromonas spp. was detected on August 22, 1994, whereas the dominant genus was not clear in the fall
and winter seasons, when the bloom of S. costatum did not occurred. Host specificity of Alteromonas spp.
and Cytophaga spp. was examined. All of them could lyse diatoms belonging to suborder Coscinodiscineae
including S. costatum, and could not lyse Gymnodinium mikimotoi (Dinophyceae). However, a variety of
host specificity against diatoms belonging to suborder Biddulphiineae and Chattonella antiqua
(Raphidophyceae) was observed.

Process of the lysis of S. costatum NIES-324 by 6 strains of Alteromonas spp. and 17 strains of
Cytophaga spp. was examined microscopically. Cytophaga spp. indicated three types of the process, 1)
appearance of protoplasts, 2) disappearance of the contents of diatom cell, 3) both of them, whereas 6
strains of Alteromonas spp. indicated the same process, that was the disappearance of cell contents. Their
coculture filtrates were fractionated and the existence of lytic activity in each fraction was examined. As to
the strains indicating the appearance of protoplasts, lytic activity was detected in the fraction of high
molecular weight (>10000). As to the strains indicating the disappearance of cell contents, lytic activity
was detected in the fraction of low molecular weight (<10000) and ethyl! acetate soluble. It was suggested
that the difference of the process was derived from that of the lytic material excreted in coculture fluid.

From the results of this study, it was confirmed that a group of cyanobacteria lytic gliding bacteria that
has strong and specific lytic activity against bloom-forming cyanobacterium increased in number with the
development of the cyanobacterial bloom in Lake Biwa and Lake Suwa. In the Ariake Sea, it was revealed
that a great variety of diatom lytic bacteria was distributed in the coastal waters, and with the development
of the bloom of diatoms, a particular group of lytic bacteria which had strong lytic activity against dominant
species in bloom-forming diatoms increased in number and became dominant in diatom lytic bacteria. It is
suggested that the decomposition of algal blooms in lakes and coastal waters is affected by these algae lytic
bacteria.
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