

















































































































RFLP ¥ —iz kY 7 IA—FIZHiT bh,
1992 46 | AICHBEE L SHRD 5 5 A13 BkE TR
< 48 (All, A12, Al4 BRUFALS #) , 1992
E1AL2AICHRBEES N 28k (A3 B L Al6
#) , 199448 11 A IZHRE L7 4 Bk (A32, A3S,
A7 BeUFA38 BK) R 1995 4F | AICHEL -
3¥k (A47, ASO RUFASLIK) 13, £ FNR
—®@ RFLP R EZ— V&R L 12D FAF—
ERTHLEHLMNC L. ZO/RERII,
S REIZLY FEE Xz S. costatum FHR
MREEMICBV TS, EBLARNICEoT
RO RAEZ - TV B ATHEMEZ R L
TV 5, AHMRRERICIX, BOTERRS.
costatum EMMEMBEAFELTWVWA LD EE
bbb,

HXKH (1995b) 1%, EBEBIZBWT H
akashiwo TR OFEALMER 0% ORf#IZ, MPN
I & o T H. akashiwo (2543 23 O
WL HAML, £h 6% 16SRNA =7
(16SrDNA) @ RFLP (HiRBERLEMA RS
B) BT Lo CToIN—FHF LIcER,
IKHPIZIXA3 72 0 BHR 72 H. akashiwo B BMARE
BOTFE LTV, H. akashiwo D158
BRI, 57 OB MBS &5 L Tuvis
EBRRTWS, AXWAEWZBWVWTS S costatum
% T RUAR & 3 2 EE NSRRIV O 38 4 43 Bk e
%722 1994 46 8 A 22 Bizit, A—®Eko
T7 = DHPEFGICESE LTV, F
oD T7— I bHMERE 4 KO
Alteromonas [BMEETY, BIFAMERIBT~7
MR TR —T3®H5 (Table3-6) DA% LT, =
L6 D 16SrDNA O | FREEHE Hae T2 X 5 GIWF
Wi @ RFLP /3% — U BR—Thot (5,
personal communication) ., = O #Hit, S
costatum % BT &+ 5 KW OB AN
B4 58 A 22 BTy, SRFAI TR
18 Alteromonas JEAEREDS 10°pfu/ml DB &

ETHWML, S costatum VERRYEMEERE O P T
GELTWEZ EZEB%T D, —F, S costatum
FWOFERERIZL T DKFENLLFIT MG
Tl Cytophaga BAEHZ < MBS hi-b o
D, BRIZESTDEZ L3R, BHEA S
costatum TERRPEABEAS 10°pfwml LA T DR &
THFE LTV, S. costatum % =B LHE &+
DR ORI ERBEIZIX, AW R A
PIZFELTWBZEA S costatum TEARNERR
BHOPIL, MEIDBAICLVEED
Alteromonas FHERED 2 H3 BRI HINN L T 4
EflE RO TWEAEMSE XI5,
EERRWI R AR ITBIRAIC M L TL 28
EHDE, YOLIRRMFICLoTRESTN
DOMPITONTIY, EE/BLA TV SIFHAS
D, BRRATIRALATIRR2Y., XWE
(BT S, costatum % FEWMEFE L 5 %KW
DIFEAEYEFEIZ @ & L T 7= Alteromonas J&
HIH & FEREAERFIZZ < MR & I/ Cyrophaga
BHE T, Wb HBEORIZEEICAL
72 S. costatum % &1r Coscinodiscineae ifi H
Coscinodiscaceae F DEERIZ A L TOHR LS
7, I B OEMRLT 7 4 M C. antiqua % V&
T oY, BEEMCERMOLHMS
ERRTAARIE M L e T B L 75 S RAENNE
<, EEWFEOHEERIZHAMLEVIZR SN
72M3o7c (Tables3-8 and 3-9) , #~T, H&
TOMERSEIHRRMOB SRR Lo
TRESTWD LB XIZC W, BEICHT
HEMEMORI P, BENHMIZE-TH
RAMCHRMT 2089 (EOM) 2 E® L Lk
EEDOHMEFEDES 0 ¥ EE L OMEBE
CHDERD, FAEORBEER, &, #Ha
RRUVESAORRICHBLRITL TV D
DTRRVNEEREND, 4%, “hbo
RIEDWTE bIZRM & TV A RIER D
RV, Z0EDIZX, FBMICHBIT2EE

i S costatum VEMYEME L E X Lh 5
Alteromonas JB#E & Cytophaga BARE D H 1
BT AEBE LY FMICRMNTILEND
5. TOEBITIE, TERHLIRETE 2
Fig, o & ZTEXHER DNA Fo—72 /4
WERIHEDO RBRRENEENE, ik,
HABIZB W THRMEERT S S. cosatum LA
AOEBITH T 5 EMREREDBEICOVT D
WEZIT, S. costatum FERMERIERE & O
®, IO OMBERKIZOVWTLRMT S 4
EXHDHEAD,

FIEN BB L - EERERMEEE O
Y EEEVERR OV AR AE

W OE

ME AR Z AL L I8 2%
FBIEIZ W T, MESEZICEMmLTHE
ELE LTI BE (Imai ef al, 1993 ; KM,
1994 ; Imai et al, 1995) &, &3 & D%
LREET, MWEOCRMEDIZ L > THAR -
BMSEZ2HE (AL, 1992 R LHE
B, 1994 ; Yoshinaga et al., 1995 ; Imai et al.,
1995 ; 3@, 1995) @ 2 @Y BPBIH TV
Do LBALRBHRE, ThODOEABEC- D
THE, Bl b Wt Sh - RBOHZEK 1
HIZOWTOHRRIBT DR TV B EHA T
EAETHY, R—EE1LBLN, MHF
EIT & Y[R CIBIC S8 & e B8 oo ek 1o
DWTERMBITH - flizid TR (Imai
et al, 1995) ¥, WMEIN TV DHMEN.,
TNENOWIRITAE BT 5 AR « WM
BORT —BROBREABETHLENE I M
id, LTI,

AE T, Z<OMBHESBLATEY,
AU BRI BT 5 XEA S, costatum 15
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ARMAIEE T 5 & 2 2 BB Alteromonas R
B & Cytophaga BHEIZHVT, S costatum
NIES-324 #RIZX1T 2 MO E B EE W~2%
&I, FBOMBER MBI B8
RondDE I NIV T LR * 1T o7,

HHERUA®

EREREEARU T OMEE

S. costatum NIES-324 kZTE X L L-E@%
RERIEIT & o THBE S b BESETS AR A
? 9 % Cytophaga J& & W 5 RE Shi- 16 #ic
TEMR KA REN S B S 17 Cyrophaga sp.
ASY BREMATC 17 Bk, RUS 1994 4 HF (7
R&B8A) [CHBEXN, Alteromonas & & fili 5
RESNE 6 &, ThEhRBRIZAVE,
INbZE 0.1%4 ¥ b B 0.05%88 < ¥ X
Z UL 7o SWM-IT 554 Tt BONai ¢
THEL, TOWEE 2ml 508 FAFa—
TIEREL, 0COF 4 —F7 ) —HF—AHT
WAREIRTF LT, RBREBIZZD | Axifikicd
b LTHPHITRE L =nD, Rtk 20ml
300m! BED =7 T R |Z A b OIC
L, ATt s Lic, SEOHMMENE T
#LIDbL, 50m/ DOFFEE 300ml ZO=
77 Z2alZ AR b DIZ, 660nm (2361 5 M
A30.01 L72D L IITHEAMEE, AL LT,
Wb, 25°CoEIREN TIER KX
(200rpm) %477z,

BEXERERUZOMERE

WEME L THEEKEDOEEMS. costatum
NIES-324¥k % FV 7z, 50m/D 3 ZESWM-TILH i
FANTZN0MIB D =F 7 7 A 2LS. costatum
PEMLE, ThEISTDA Uy FaX—F—
(B AEFR MY, LH-200-RD) $TISuE-m™s’



(12L:12D) D EEIEE R L7225 AR RHE
sk L7,

ZEIRE

RiTHE e L 7= et SR @ S. costatum NIES-
324 ¥k%, 50m/ OWZE SWM-II iz 100ml
BOPPHF ¥ v I H=A7 7 A2V HLD
B BEDS 1x10%cells/ml & 725 X HEERL,
15CHDA % a—4F—$T 35Em™s’

Not inoculated

inoculated

(12L:12D) o BEXEZRE LA LR L,
% 2 BB, AN L EENMEARMEMEEE o
MR A B SWM-TTT 553t Tl 4 I AR L7
Db, MEOFE A 1x10%cells/m/ & 725 X
SEERL, —EREEITo,

EXOBRAEDERBER

TR A B TS (Nikon £,
OPTIPHOT-2) T CHE#ERBEL, S costatum #f

inoculated

" Modified SWM-Il

e

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, B and C) was filled with 3m/ of diluted culture (cell density was
1.67x10%cells/ml) 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™s™ (12L:12D). After 10 days of incubation, 50 1 of diluted culture of diatom lytic bacterium (cell density was
10°cells/m/) was added to §. costatum culture in inside of MILLICELL (compartment B) and to modified SWM-III
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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BRI BREERLE,

EROLEEOREH

{0 S. costatum % VAfRT HBRIZ, EERM
fad OB LERMERONE 5 NEEND
BT o e KB OWE % Fig. 3-8 (277,

HABEED 6 V= A<INFTLL—FD 3
BoY =iz, LT 04umdD ¥ 37 KR F
MBS ZTET CM AT Lo 2 ERICE
# L7218 30mm @ 2 Y /v (MILLIPORE 4t)
W, 2V EALOIMI (Xl D, EXUVF)
12t 2ml OHE SWM-III Hii# A, I Uk
NORMA (KB A, BRUOC) 121X, wEiEm
W S costatum NIES-324 BRDIZRIEZ XE
SWM-III M THR L THRE K £
1.67x10°cells/ml \Z JH%E L7 b D% 3ml Ahiz,
ZD & xS costatum 1X, ) ENANOKE

B3t Smlz R LT 1x10°cells/m/ OABRH HE &
RB, ZOINFTL—F%& I5SCOM U Fa
R F —BT35uEm>s” (12L:12D) OBEAY
FRHE L2235 10 B H5EE L,

10 B BiZ, ERBMRMEMEOEREEZIT
o7, B L TRV s o xR o
HEM G A S SWM-TIT B CR/IR L, HKRE
HE% 1x10%ells/m/ (ZHH%E L7z, 7 = VDO ED
FRBXEL, S VEAOHA (XEF) 2F
RUHIEEEREE 0.05m/ /L., ZoL
M, Y EAASAOBREOAE Smliz
% LT 1x10%ells/m! OMBREE 2D, 1 I 1
oy =rTix, T VEALONM (XEB) 2
TR Ui A s ik A 0.05m/ #6f6 L, MEZ
B LB L Lic, Y 10y =,
M A L VB L Lis, ThEa v
FaX—F—hTEILIZTAMBELEDDL,
ERERUERBREAEOMREEZEL
o, EEMOMRERY, MY THREESET T
EREH S LT, 7, EEMAARMEMIEE DM
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#HEIY, DAPIZfai%: (Porte and Freig, 1980)
IZREVY, BHEEEMSI T CHEEH KL,

“EERBPICEFTAIEREMREHORY
(1) ERBEREDROSE

—EIEREOHEX, Fig 3-9 ISR TFIEIZ
WoTiTole. BEREAMEMEZ S. costatum
NIES-324 k& — 1% L, EMOMBREE % 2
A IS EHCT B & 3, P T FRMEE (Nikon
#t:, OPTIPHOT-2)% iV T EEMAEAG D YAAR 2 8
BT, BEROMRE S MEZERL2N
XHHRIX & e ~_FHFICELS 2D, MoBMsER
BizLo TEHESMRSIESL2IIBRENE
ZENHERINHRAT o HEREZED,
TFAT7A23—7 4 /% — (Whatman %,
GF/IC) #RAWTHR5| 5@ L, EROMRSE
ORBERY BV, ZOAEEALE 0.2um
DAY T V7 4% — (Advantec Toyo )
#RAWTEEAB L, AO40m! %, R
ABT7 4 VF— (T I att, YM-10: 5 ES
Fik 1 5) AV, ERA A THE (3.5kg/em’)
LRBRGRASBL, 2F&k 1 FUEE1H
Ko 2 Byzmitic. Tk 1 BULEOE
AN, RS 2ml BBEIZRHE TRMELD
L, % SWM-II $TC dml IZART v 7L
7. U EDOBRIEIX SCTIT o7 RIS B7 «
NF—%@iR Ly ik 1| TAREOEDT,
EUR L= bZd 36m! 28> T, HEEET pH
2.5 [CH% L, Sha FrakEEsR— L 15m/
THitHT 2 #{E% 3 ERkYEL7, BT
NVATESHEE Y AT RTER L, =AARL—F
— (BRELAMEL, Type N-N) £ T,
40°C, BEOLHTTREICKBLE, &S
% 3.6ml DHZE SWM-III U FEA% L7,



co-culture of Skeletonema costatum NIES-324
with diatom lytic bacterium

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

40m/ of filtrate

r> Ultrafiltration
[t ]

molecular weight <10000

36m/ of filtrate
+—— adjust pH to 2-3 with HCI

molecular weight >10000

.\ — concentrated up to about
2ml by ultrafiltration

,!- diluted to 4m/ by modified
: SWM-III medium —— extracted with ethyl acetate
| three times

|

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

—— dissolved in 3.6m/ of

‘ | modified SWM-IIl medium

Fraction A Fraction B

| |

| 1 | | | I
250pl  125ul  50p1  250pl  125pi 50ul
+ + + + + +
250ul Ol 125u1  200u! Oul  125ul 200y «¢— modified SWM-IIT medium
+ + + + + + 1
250p]  250pl  250pl  250pl  250pl  250pl  250ul «f—— diuted culture of S. costatum
4 i " " & i s NIES-324 (2x10° cel/m/)
|
| ‘ ‘ |
Control x5 x2.5 x1 x§ x2.6 X1 <« —— concentration facter of lytic
. ) matenal in each fraction against
JIE R T2 | = | | that in original co-culture fluid

incubated at 15°C under the fluorescent lump of 354E-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 Alteromonas sp. A28 attacking Skeletonema costatum NIES-324. Bar= 10pm
A: Partially lyzed cells of S. costatum 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) ERERFIEOME

MR D S, costatum NIES-324 $k D55
% 2 SWM-III S CRRL,
2x10°cells/m/ (=% L 7=, “ha HAREFD
88 7= NINFLr—bD 14 BDOY =T,
ARX L LTH, &%
SWM-III X5ih% 0.25m/ Mz, St E%
0.5m/ & L7z, 49F8& 1 5L E®E 4 (Fraction
A) Tik, S. costatum OFRIEMEAEIZ, (1) O
BB L o T ZH BRI oxt LT 10 {8
BN LW A2 025m/ (5 (SBEKX) |,
0.125m/ (2.5 IR AEIX) R U 0.05m/ (1 {8
X) SoEhEFhMmz, E56IZ%E SWM-II
BiZ M2 TEHOBERE 0.5ml & Lz, HF
& 1 FUEIOREME T F AR B DS
(Fraction B) TiZ, (1) o8{EIzkosTmxD =
TR LT 10 EREICRE L@ %
0.25m/ (5 (%iBBEX) , 0.125m/ (2.5 {FBEX)
BOF0.05m/ (1 (5IEX) SofhFhilz,
S O E SWM-II a2 TR
205ml & Lm, #BEEVCWTHLOBERIC
BWTH, IEHZoZ 20 = L&A L,

MBI

025m! S35 L

7

2ARVNTE LI, ZOAF T L— %2 15T,
35uEm™s” (12L:12D) @A > F 2 <—%— (H
AEFEMM, LH-200-RD) Iz AL, 573 7
H BIZ, S. costatum DR BE % 5 T

BT CHEHNL
s R

EROEMRBIRONMN

6 ¥R D Alteromonas B # ZhZh S.
costatum NIES-324 ¥k & " B3 L, HEROE
BROBRFA B L L 2 A, ME E
EMWhIC Lo Tillfvk L, #REEZ2 S. costatum @
BRONMUNZHE L VBN T 5&FH8
B AXNT. S costatum OTERRDMEE S &, {HH
DEFAIAE LT S costatum DR (Fig. 3-10)
BB I, L HMENME LR
NED IR« LRI T X, BRETE
12, IRIEL2TO S, costatum #EE DRNEH
I ML T#HELTWE,

17 %KD Cyvtophaga BMEIZ DV TIHE, RO 2
WY OEMEERVAEE S, —713, S



costatum DYERENIEE S &, “HFERERIZTS
0 hF7RAIBBEHBELTLKBLENI O
TH 5, 7=, S costatum O Lk L TRROME
BT, £Ih67 v b7 X R
LIl e &2rmT LM LELITBRE SN
7z (Fig.3-11) . EHITHEREFETB L, o
FFZA ORI WRLE, b)—
F&, Alteromonas BABE TR LILTIBE L F
BRIZ 8. costatum DFRIT O F T CTHIFARNE
PR —HEERLTHEET S (Fig 3-12) &
WHILDOTHD, 178H, ASY, All, Al3,
Ald BTN A20 @ 5 BRIZ DWW TIHERTE DB D
HA3, Al5, Al6, A37, A43, A47, AS0 BRU*
A5l D TERIZOW TR E DREDO A4, Al2,
Al7, A32, A35 BRUFA38 @ 5 BRIZHOW T
FHOEBBREFAFRRIBEES iz, 2B, =
L5 @ Cytophaga BRIEIZ DWW T, BHIROM
Ha3Z D 5HER S C S. costatum ORI 1
T2 Mt LTWASAIR LIELIEE
gahicbon, BEBMLHEBES L
Lysobacter sp. LB-1 Sk TR b/ & 5 RBEER
B (Fig.2-21) BBEINRo7.

EZ@R~0EmOEE

Alteromonas BAIE 6 BRIZ DWW T, MIEHEE
WA IR 5 Z LA F OB ES RS
FTIODULBERBRONE D PEBSTER
% Fig. 3-13 \Z~d ", ME & S costatum DR F5
X UEAORMA (XE B) (8 L7 B
BEICBWTHE, B, WiIhomsEx s
LS AIC b MEEER®% 8 B B £ TITam
S, HIEOHEERL 10'~10%cells/m/ |Z3#
LTui, 2 UEAOMI (XKE F) ICHE%
ERL-ABRXKICBWTL, MEEME%S A
BETizI YV roRfl (KiE C) DEEDE
epgmH L, UMM (Kl F) oM
Bid 107cells/m/ DR £ THIM L T,

72

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.

723, KM E (CHEERES% 8 B HICBWTYH
B OBRADBRD bR b,
Alteromonas JB&#IE 6 BRI, WIIL b S costatum
DRI EMT D Z L2 ThEBMTED
ZENEND LR,

723, Cylophaga BREIZ OV TiL, EEED
RSN AURNICHER A T L T A VT
— %A L THOREIZBALTLEILD
2, BERBLN 2T
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Diatom Bacteria Diatom Bacteria

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. costatum in MILLICELL (compartments A, B and C) after 18 days of incubation (after 8
days from the inoculation of diatom Iytic Alteromonas sp. to compartments B and F). Black bar indicates the cell
number of Alteromonas 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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CEBRBIIEFENLERBMRIEN

Alteromonas B E IOV TIE, 1994 FHF
BB S I 68K 5 B A25 & A27 D 2 K%,
Cytophaga BABHE IOV T, EREXTERIE
ImroTHEESRT 16 BkD I H ASO & A5
BRAER 14 BRIC, ERFRMEREN D HEEX
nic ASY BkEmMI Rt 15 KkE, TLENS
costatumNIES-324 # & — EHHE®E L L. S
costatum DM ENBERT, TR ODERS
ik sho, 57k 1 HLA LSy (Fraction A)
RU%F ik 1 RGO ORERET F A EED
@4y (Fraction B) {4 TR EHIRMEL,
FRENOESCERBMEESAEERLTY
B0 I MICOVTEHRM L,

TP E LT, && SWM-III s & 15
4, 8, 12 %016 AHDS. costatum NIES-324
BROBBIRR AL TN T _EHRSBL
FROFIE (Fig. 3-9) (K- THEL, ER
ERTEE O EA W~/ & Z 5, Fraction B D
S{ZMMAEEX TIY, HEM 7 B HIZABR L TWEEE
MR O®EN, KE SWM-I FH#IZ S
costatum %M L IZHE L AT R oI
(Fig. 3-14) . %7, [FREX CHMRNED
S Lo EEMR R VRS STz,

Alteromonas JRME 2 BKIZ2OWTIX, WT
& % 153 A D Fraction B D& |EX T, 5
%7 B BICARLTWERMIROEEN, S
costatum ¥ ¥ O Fraction B DFHREX
Ll _REEICY D o7 (Fig.3-15) . £/
M 0> — % 1% MW D Fraction B O 5 {FREX T
X, AWAERESERBE LRKRIC, BEL
T?D S. costatum OFROABEHHHRL T
e

Cytophaga 1 15 ¥RIZ2OWTREEROBRET 21T
kR A Fig. 3-16 107, Al2, A35, A20
RO A38 @ 4 BRIZHOWTHE, ZHIERED
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10’

Modified SWM-II
'
10*
1wt
10?
R P 8 day culture
-
10
5
o
T 1w
1
B L)
E 1w
=]
(<
T 0
u T
% 12 day culture 16 day culture
10*
10?
10!
10?

Cont 2% x28% =1 x§ x23 x1 Cod. x5 225 x1 x5 x135 =1

Fraction A Fraction B

Fraction A Fraction B

Concentration of Iytic 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 4, 8, 12 and
16days incubation 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.

Fraction A & B OM G T, ¥ 7 H HIZAKL
T - EEMMIN D% A3, S. costatum 0 BEBFE
i O Fraction & L_F B ol
=, ASY BRIZ DWW T2 Z#H 55 D Fraction A
DHT, AlS, Al6, A37, A43 BTF A47 D 5
BRIZ DWW T3 —#F 1% O Fraction B D7 T,
e 7 B BICARE LTV tESMR OB,
S. costatum O i 1% % i D% Fraction & tb~H
Bz ighsotc, £, Fraction A TEEBROIE
ERB LBt 7o b 77X OB
7%, Fraction B TIEMMSRENZHEITIE S

A28 A27

Cell number of diatom (/mv)

<50 <50 <50
Conk x§ 225 x1 x8 223 x1
Fraction A  Fraction B

Cont. x5 x2.5 x1 x5 x25 x1
Fraction A Fraction B

Concentration of lytic material

Fig. 3-15 Lysis of Skeletonema costatum NIES-324 by
Iytic 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.

costatum DRRABEH OEEBENENLRD
i, WIhbAEZEASEREBE LER
WERABFEILTHo%, —FH, All, Al3, Al4,
Al7 BT A32 @ 5 BRIZDW T, ZFH Rk
® Fraction A & B DWW HIZEBWT S, E#%7
HECE-TOLEHEROBMABD LR -
e,

*® B

M AR 2 AR D L I3RS 21
RBIEICOWTIE, B2 ES 4 HCRLE
MRS OB A & Afkic, MESEEC
AL CHBRRETOHAL, BELok
bz LB LT, MEORBEDIZL-TE
EOWEM - RENPEZHHBE0 2 @Y HEE
EhTW3,

ME NGRS b MR S W e E
Cytophaga sp. J18/M01 kX, RN Z 7 1 Kk
C. antiqua % BME LT- % O —F R A PIZH
ISR DNl ol b BESNLTVS
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(Imaietal, 1993) . BER BB WAL E
B X 7= M EMBE Saprospira sp. $591-40 #i3,
E:M Chaetoceros ceratosporum & O —E 5% %
RPICRBEEP RO bR ho s BEX
ATV (RMAE, 1994) . ERBEH»S HEEX
AL7C Alteromonas JRAHTE S Bk & R #KiX, 215
DHE D C. antiqua % 2\ VEME LT B S THE
O ZHIEE AW C. antiqua \Zxt3 2585
REFlRholkt@EZRTWVWS (Imai er
al, 1995) . ThHDOME, VT bLRTE
DERBEZR>OTRR2VWHEEZ BN
Do WoT, THOEDMEOELT 2R MM
PRIV TROIE STV,

—7, IPEHEROEENO ST
Pseudomonas sp. T827/2B ¥k, MIBEAMZHERH L
eZ R MBRROYHIC L > THER
Thalassiosira pseudonanna % FsfE3 % & W& &
LTV % (Baker and Herson, 1978) , =—HR
T4 Pl > & B X 7z Alteromonas sp. 6/6-46
BKit, B FACHIHTX 2B FHR %
RSN L, G. mikimotoi % %35 L @
HENTWD (TAL, 1992) . Mm%l /
PP > b BB S 7 Flavobacterium sp, SN-3 ¥k
&, KEEOMRMES FHHRIZL-T G
mikimotoi ZRMT H LWESHLTVWD (BR
ETEE, 1994) . FofkILREDE A O B X
v, WEMNE Flavobacterium & & [RE S it
PEARE E-401 BR1, MIRRSMCHE T 2 B F 0
BEMMHIZ L 2T G. mikimotoi %33 %
EREZNTVWS (Yoshinaga et al., 1995a) .
HE VB0 Bl X L7z Alteromonas sp. A91-
39 BRI, MRS T 5 EERk L Chb
SN KREMEED FHHIZ X - T Chaetoceros

ceratosporum =X° Chattonella marina % e < &
HEESHhTVD (KHE, 1995) ., Thb
DMEIL, WThbBFOERBEZFESD
DEBZLND, LOLERL, Zhbok
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Fig. 3-16 Lysis of Skeletonema costatum NIES-324 by lytic material excreted in co-culture fluid. Co-culture fluid of S.
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
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BUEDHIVTRLEEHMNERETLTVLR
W, X7, IRBEH G HEE X Alteromonas
spp. K ¥k & D #ki, & 4« O#MED C. antiqua %
TR LI RTHRDOIE _FER LW
B, C. antiqua \Zxt T DB RETRTZ LH
b, RV, KEEDIZL-THEEZTOL
DEZEZLITWS (Imaietal, 1995) .
UED X ST, TNETIZHBES LR
BB AR - RMMEE O ERBER
ax THDHD, WEMBEIZOWTIIATEOE
BEZRF OO, HEMBE IOV TIE
FOERBIEZRESLORBWV LV S BmH
BxD, L2LREL, ThbDERAREL
SWVWTHE, FMENLBEBE N REDHRE
B 1 RIZOWTOARNBTON TV I HE
PEL, F—\EIrLBONMEREICLY
[ & S N7 BB O WMBERRIZ OV TR AT
bhichlix, EBBPOHEBEN 4 KO
Alteromonas B4 (Imai et al., 1995) OHT
HY, EBR2BEM CEABECSORED
ZRENRRONDDONITOVWTIE, BOHTH
WBR L2V, £ TEBMECBWTIE, Y

MO HBES N, M5 EE S EEREaRY
#E D 5 %, Alteromonas & 6 ¥k % ¥ Cytophaga
J& 15 BRIZ2WN T, S. costatum NIES-324 #RIZ %
THERBIELZMS L&IZ, ThoNlo
BEOZREEZTTONIOWT LRI ZAT
DT

S. costatum % EEMHE L T 2RBORLE
VIMMERREIC H7-5 1994 £ 8 A 22 BIZHBES
- 4 k2 &1 6 BkD Alteromonas BARE L,
Wb, S. costatum DRI 254+ 3 L (Fig.
3-10) , BEROMBANEM & oMt - RS ED
eV ), F—onReEBERLE, UL
Bhb, EMIBEROTLDOLERELITR-
TELY, WFhb AT Ly 74 NE—T
BTHENTWTY S costatum % ERRTE -
(Fig. 3-13) . 7=, 6RO H A25 & A27 ¥k
W2, S costatum Vg% D —H B ¥HE %
DEL, WTHROBESIZEREERSENRD
PEWSTL A, EHKEIZSFR | TR
POFEBE T FUA A OB ICTEESRE S
ik (Fig 3-15) . DLEORENS, hb6
D Alteromonas JBAHHEY, EEMOMERIZE

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 Fractions where lytic activity is present
process of lysis
MW?* is 210000 MW* is <10000 and Both fractions Activity 1s not
ethyl acetate soluble detected in both
fractions
Appearance of ASY A20 All, Al3, Al4
protoplast
Disappearance of the Al5, A16, Ad3,
contents of diatom cell A37, A47
Both of above Al2, A35, A38 Al7, A32

*: molecular weight



L, MRRACoWT 5 EER FARIEHEOE
DTEMREDRALIERSET, EROMRA
BHEHELL - FRATH LV, B—OERR
ot LNk, BT /L Thl
T & 2 M BRIEARTE - BRMBRIT, it
DU & Wil X i Alteromonas BABE D5
bRHEhTWS (TR b6, 1992 ;K H, 1995)
Z b, Alteromonas BABE DPEAT 5 —HR
QIR TERRYE « MBI H TRV LHR S
hd.

—7, 8. costatum % = EAEARFE & T 5 FRWO
FERAERFIZY - DKENLLAFIIRLEHE
Wi & L7z Cytophaga BMEIZ 2V T, S
costatum HIKOEMBRE*BMSE T CEEL
rEZAH, HEBRT o b7 PRICERE
nWHHE (Fig. 3-11) , EROMIRREDHHE
S LTERT B (Fig.3-12) , RUZOM
HBREBHZA LIS HBED 3 i) OB
Bihi, Sbiz, —FHIERIKAHPOEMR
BHEENFETEINE I, TLIEPOLD
X D REICTEMESFET D078 £ ORI
KoTEEEIToILRKR, ThbI5HE 62
DY N—T R TE T (Table 3-10) .

SRR BRI Lo T 7 b T X Mo A
PRBENTISBKRD 5 B, ASY BRL A20 #Ri
ik 1 LA EOBIIZEREMRD b
7o (Fig.3-16) Z &b, MEDEAT /Y
FOEMEHTIZ L > THEROMRNE o k
TIAMEENRD LD LHEERESND, BYOD
All, AI3 R U Al4 @ 3 i, —EEER D
STk 1 BLUERUY TR | HREIOKRE
TFNAEMOESOWTRIC L EENRRED
bhizhor (Fig 3-16) , i b 3 EKiZoW
T, GEEHZW<TVWARVWSFR 1 TX
it 722 WAl T T )V AR P M O W 3 I RS AR TS A
BERLTVLIAEELEALNSH, S
costatum DTEAEBIESAIHED 2 LR L TH
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&, ERMEFD 2 BRIZoVTHLMRD%
SREl% S, costatum DFBRIZATE STV HE
FHRBAMBETTCLIEILEBBERS Z LA
L, LLAZRE SHKIIWTIL Y S costatum
ORI ERT S Z LICL o TR TOERE
PR ZBRETIERSEINE SO b T T
A METHDOTH-T, ASY k& A20 kT
FIREPITEERR LMD DX, BRI E
S NIRRT B P TV L7
RICBER, EBZHBEY TRV
LRBbhd,
TEBRRERBROBMBMBBEIIL T S
costatum DOMIANEY DHEKDH DR LIl
7o 5 Bix, WTh L ZEERAEON TR |
WP S PRel. (1. S RN C AT ThS A ek 4
RO b (Fig. 3-16) Z &b, MM
IR T 5 BEBe o TV RITEYE DK 5 ISR ME
WHDOERIZE 2T S costatum DHBIRNED
tER-FRATILOLEBZXZLON D,
Alteromonas B & Cytophaga JBAE O—E;
DE CERMMEL L Lz Z L3RRV,
—5T, mMRMZE LRSS S
costatum 7%, B 5 OMEAT %Kil F /L ThhltH
TEXHHCHEHHICEL-T, EFMIZAD
ERBMICHERT D EVOIWMELRENTVS
(Imada er al,, 1991) . OB CHEDHIIS
BEFSW X 41, 15-hydroxyeicosapentaenoic acid &
REEXNTV'S (Imada et al., 1992) . F£7=,
COHCHEMRIX, EM S costaum &
Chaetoceros costatus 22 7 7 4 F# C. antiqua
& C. marina \Zx L CTilBWBEREEMZ LT
A3, EEMR D. brightwellii & Asterionella japonica
iextt HEMIRTIL, RMEEM Prorocentrum
minimum & G, mikimotoi \Z %t L TIX{EM 2R S
BbolktWEENTWS (Imada et al,
1991) . ABFEIZBWTHWE S. costatum
NIES-324 Pk, [ B0 SR P 05 F &

T AR TEER T F )V A i O E 43 1255\
SRR OIS (Fig 3-14) Lo, EEWY
KES>THERLLRVWAT Imada H D HEEEK

LRRRoTWVWSD, LI L2226, FHEL,
b Yl Sz Alteromonas BABE & Cyiophaga
BAREN, EEROMIZT 7 4 F# C. antiqua =
SHLTHEMEMETT LONZVE G
mikimotoi \Zxf U CIIfEMZ R X2V (Tables
3-8 and 3-9) £W9H KT, Imada 5 (1991) @
HELTWDECHEEMH S, BRI EE
LTWHI ENERENS, SEKBEHERK
FEle— F VAT DR FIERREm Iz 2V
Th, ME AR HEZEL LTS A
PEOMLIZ, FBEEAMT S NDERICL - TEM
rHOCBMESETWAENLEX LS,
ZOEMMHHPMEBREFICL-TEELSN
TWADONED, EREDLSREHTTE
HRENDZONREITSONVT, SR ELIkRH
ZiTo2TW LE N DS,

QA OTERRBR N R ICBB S - SHIC
2WTHE, Al2, A35 XU A38 D3 &KiX, @H
DETEMEN RO BTN, AL7 & A2 D2
Bix, YHEDOEMT LIEMAED Sl h
27 (Fig.3-16) , RO 3 BRIZOWTIL 2 7
HoOBMMEYHRoOBmEDERIZEY S
costatum Z /T H LD LM S G, BEOD
2BRIZDUWTIE, S costatum DRIz 888 LT
DROBMUEDREADIERSYE, “hi
BRLTWAOTI W LR ENR S,

UEDFERNL, b 15 #kD Cytophaga
BARE O OERBER, B—Titi, »
ROYBRTHDIZLNHELNER o, HHE
NHE XN L s TERLDESER
BIEFEICBWRBEINEINERTHE L,
1994 F£~95 FIZHBEE W= @HIZ OV T,
S. costatum %71 N T 5 A MrEHABED
HETTHLORRL, WThbLHBAED %
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HEASEIBEZF-TVB LV EmIZE
EREbL DD, FEORNICHEE X -k
PHEEDERBEEZF oL WS L 57, B
REEMII RHER o, LA, RS
CHE SN ZEKRMIZBVWTYL, MRV
BRMEB RO, All, Al4 BT ALS @3 Bt
RICES (1992 4F 1 B) MBS h, HEe
RPER AU L TEY (Table 3-7) , 5
16SrDNA Dl fREEHE Hae W12 X 5 YT
RFLP /N4 — Y P [A—TH% (E, personal
communication) = & 735, SEEAIZ LAY
ERTHDEBZHNDH, All #k& Al4 B
BEECHEMT 2 - LI Lo TR TFOBR
HHHEZIER S S, costatum % 7o b 75 =
ME L TR 2 0loxt L, AlS B3RS
TFALTHHTE &S FOMBRNREYE
T S. costatum OMRANEY % ERFIHT 5 &
WIEHIZ, EEMEROERBENS RR
2TWk, ¥, RI—OWER (19944 11 A
21 B) (CHBES s A32, A35, A37 RTFA38
D 4 BRIZOWT b Hae MIZ X 2908l H O
RFLP % — U BRI—THot=3, A3S k&
A38 BRIZF — DIEIEL R Lc b 00, A32
BRIV R P S S RIS AR B Wb
ST, A37HKILS. costatum DFIE S o k7
TAMELRBRWRT, ERERBENRRR-
T, TRbDOFERMN S, Cvophaga BAEE
WZB LTI, 3SR (T BT e Rl
CBWTY, EMICHT 2EMOMERBES
ZRIELTVWEHbDEEX LN,
Alteromonas BN — O ERBIELZ T
L, Cytophaga IB#iE A3 24k (EL 7~ 8 E
IZoWTHE, HEEACHBELNTIIRW, L
LA E, i< & LmBMEOHBAREIC
BT AEBIINRY RZoTVHDTIEARW
MeMgans, 4%, HAHEPLDNA 7o
—7 & Ak Ly S RitESRARE SR



i, RBUWHRICRT 5 I b OMB OEE))
LOBELLMHASH, ML1ORBRR/OLN
BOTRRVMHEMBEENRD, Xk, Thb
Alteromonas JB#R# & U Cytophaga BHEIZ
WT, BERLDOTEREICL > THEROBE
REMOERBIEL X LIZHMICRNT S &
bz, BREDHROIBMENELTY, £
LR OERBER, ERREZHLNIC
LTWL ZEMRRTEND,

A WE

(1) AF CEEMFEMALITLIEREL, V%
Mo KERBFEZEATVWSIAABERRRL
BHERIZ BT, 1989412 A 20 BA>5 1990
£2H 28 BIZNFTD/ Y BV — XL,
—REBFRBEEOMEZ T, TOR
B, Vibrio JBAIEDLLRHAMEL Acinetobacter-
Moraxella BB O LN LWV D, BHRE
e LBz g oMEEEZ R LciEd, @
MRz A UTEEME S, costatum D/NFAR
72T — LBEIZ Flavobacterium JRABEEAHEE &5
LIEW60%ETELLEZ LBFHATH T,
—75, REZITo7c 462 BROTEMA A -
DT, S. costatum (XY 5 FERRTEME 2 T~ 7
Lo, BHEOINA—ABBICES LTV
Flavobacterium BB XV T' 40 b S ARTEN 2
maP, [EMEER LEDIY Cyophaga B |
% (ASY %K) OHThol

(2) 1992 4E 1 AH b 19954 2 BIZhWI TAFE
Pz, EEME S costarum NIES-324 Bk %5+
WV ER IR K SEAR TR K o CEEBR AR I
A OBGFRE WA L. S costatum FERRTE
MAEDIT, FWMOFHERERIZIT S LT~
10'pfu/m! DIEHETH o723, BELRAMD
S. costatum % EEREA L 3 2HRMORALES)
WEBMICHEY L 1994 4£ 8 A 22 AKX
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10°pfum/ OWMEE X THMLTWE, —F
Rhizosolenia &= Chaetoceros JB % 3 B pk Al
& HEEMARMIA S E LB, S costatum
ERMEADIIPCHMNT 2 EmERLIED
DD, 10°pfwm! DIEFBEICEE 27,

(3) TX B 751 A IR BB O M\ H g K FAR
FizHB LT T — 225, S. costatum VSRR
WAEHOE SO WAL RS, 32 %Ko S
costatum VERFHEABE 2 Bl L7c, Th o 25
RE L= & = A, Cylophaga IBFBREAS 16 £k &
&b %<, Alteromonas JBAE D 9 K,
Flavobacterium JB#E DS 4 ¥k, Pseudomonas J&
DS 3 BR T 272, S. costatum % 3 FAE R
ETHRMIOTAEVIYEFFITAEY L7 1994 4F
8 A 22 BiZiX, Alteromonas JBAEE 0 7» )% B
&, S. costatum % EEMLHE L 5 HW O
FERAERICHYE LEKENLLALF T,
Cytophaga BAIENRZ Bl /b oo,
Flavobacterium JB#IEE, Pseudomonas JBARE K
" Alteromonas BAE L HB S 572 L S
costatum FERFMEMEIRIIZHRTH o 72,

(4) Alteromonas JB# i B U° Cytophaga B A8 ©
BEHRMEEZARLL S, WThoBEKD
B\ EIWCHB WL S costaum % 5 T
Coscinodiscineae #fi Bl Coscinodiscaceae FDEERE
PREMRL, RR22MICET 5iREEER G.
mikimotoi Z S CERWRTHAL TV
P, thiEHOERPFLMICBTS7 74 F
B C. antiqua ZEMTEHHDOHLEL, Zb
D18 F4F R EEBAE o 12,

Alteromonas JBHIEIX, A25 BR%ZBR< 5 BkASA
Uiz L, A25 ¥k2S D. brightwellii % U
BLERTOARR>TWEDIZHL,
Cytophaga BAME ISV TiL, BEICHWVWES.
costatum % & 1» Coscinodiscineae # H
Coscinodiscaceac F+tDEEM % R BREL, G
mikimotoi % Y&METER\VWAR T L TV

A, MEHOEBPLRICMIZIBRTSZ774F
¥ C. antiqua (T LTI, ThbOE2BRETED
Wk L TERVWEKBEFETIRE, €hb
DEERIZHRTH o7,

(5) 1994 “EHZFIZBEE L7z 6 PR Alteromonas
BAREE D S. costatum (23T 5 VM OVERBIE
EPRARLLZA, Thbix, EMOMBEIZST
ML, MRSMCOWT HERRT T AIEED
BN THEREDEEIERSET, ERORMA
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REHZHEL - FAETH LV, B—DkR
BiEZR LI,

6) KENLAFIZHBILE 16 &Ko
Cytophaga B#IE D S. costatum \Zxt 3 % TR D
ERBEL, 2H&RTHY, B TFHERMYR
WKLo THMMREZ 0 b 77X MET3 Y
@, Alteromonas BABE & FIERIZ, T
AIVEME DSy F AR BT & - CEESEMI R
NEDZERFIATH 00, ROUEOFEED
BEEZTRTHLODO3IBYBRLNE,



FAE &

WMWY Mo L ) REFREILOEAT
MABICBWTE, EFCEROKMMARE
L, ZKEKRDOHER, HABTOHBEER
YORELR>TVS, BFBRIZEV T,
574 KM, BTN, ERR2LOFWSL
I UIEERAE L, BRI KRELBEFLERT
Wo, COLIRBREOTNV—LORE  H
Wiz oWTHE, %, Kill, REHRER Y,
M ORMIC K EERETLEZALNIDHE
8« (LENEROHZ2 LT, HOWELHE,
BTS2 bl LOMEAERKEV ST
AP ER G EELEHEZRELTVD
DEBZLND,

T N— L OERIZ R T RIETEYFRE
Eo—olz, HERRLZERT HIEEEZR
BAEBOFENETERTVWS, ME, Y7
) 77—, TA=2, RRERY, BER
WMEDVERLERTIENZHOI LI,
B MbMmbhTwa, PTHHEMEICH
T 5845132 <, Lysobacter J&, Myxococcus
&, Cytophaga B I O* Flexibacter J&# /A% 5
AUEMRT AEhEFoLcBEETWD,
7z, TABOEMEMEREMEISMBICE
FAERT N —AOWERKICEE LTWSHE
MLiEMEnTWn5d, LarLads, Tab
BEOLIBRERBECLIVER NV —LD
HRBRICHELTWDEOME, RECHDL
PTIARV, —F, R ) 5 R
SAVARIEARBEIZ B LTI, FFRDERNEL,
EEEREFHBRRIZ,

£ 2T, AR TIIME R R REBRIC 5
it HEiasERE S oA EEEA L
PCTHLEAME L, BAORRHEE
XMW TH 5 MU L EB KRB OETH
Mz > TWHEEWMM, EARMOLE
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&

R LENBTHLAHMBE T «— NV FIZ
BU, BERBERFAREIC LY ARt
BWAEBOBGEREREL, ThLLMETV
— A& OBFEMIZOVWTRN L, ¥k, ®
BREXEREICAE LT 77— 2 5 b ik
VARRIEAD TS 2 Bl L, Th b Z MR DK
WML —EBETHLIzLoT, MEIC
L AEMOERBIEIC W TR L.
FORE, BEEMCEUM T, X387
BRMEICL-T, BETHEERELTVIE
BT AR TE LI A R & R OB VA A
BMEMERENRGEETZZ L, £EXO5GFR
T N—ADRAEIZE S THML 10°pfu/ml @
BEICET B AR ENN., EMEX TR
EIC Lo TEHELNEITBLFMIZZ2TWY
AHAHEMEA BV b, EBRITIZENLLE
DOHBEBEETCHEELTVWDI LD LEXLN
5, ¥, HBLAEAREZML2MEAS
Lysobacter sp. LB-1 ¥k DR D BEVA AR O {F 1 6%
2SR, RV EREREEEZAT
) rFarF7—EEMRMCEETDI
&, EARERZISETLICL, FOMR
ERRICFZ v AL, ZOERVIZERLTS
oF7—¥E2ERESEE LV, HRBILER
ThHKFILEWTEDLTHRMLEZLR
HZIERBELZESZ LB OLNIRo, &
biz, R# L WM Anabaena cylindrica M-1
(IAM) #k& O FZRIZ L - TERBROE
BAMICRN LR, RS, BNk
DBIERICHEMLTVWAMITEEO KT D
EOM (extracellular organic matter) % F|A LT
WY 525, EMAERMIZA T EOM Oft
BB ED L — B E ML L, BEMROALRE
RESELT S L, SERESMRABGEZE
RRL, BHLTLS2ABMEFIALTELIZ

WM HLv5, BRMRBRNZ2ERBEZ
TYZEBALNITR2T,

bR E, EEBPLERBEICET S
EMEARMEREMEOAREIX, UTOXLI I
#HBREIND, EREMEREMEL, &8O
T N— ADIERERITIIBFEOFARY % 7
ALTEBETARFL, EF0ERT L —A4
RARHZIT, BEEOKIHT 2 KD EOM % #
ALTHREEETHMT S, ERMAROARE
WIENET B S N— LDOEBEMITIE, BE
BECTHEE LTV A MR EMEIT, &M
REGZEMR FIATHIZLITL2TIA—
LADHEBREMESEL@MEE LIEDL, TN
— ATHEBEEICIIEY L THCIEEECERFT
%

—7, FPAWEC, EEME Skeletonema costatum
NIES-324 k2 BEICAWTHGFERBAELZTT-
fo& 25, S costatum FEREHERRAED (RHMIZ
FIAEEE) 1, ARWOIEFEARFITIL 5 K~
10'pfwm! DEFETHBL, EELEMO S.
costatum % EEHRHE L 3 2 R O R LYW
REEZTR LTV 1994 4 8 A 22 AL
10°pfw/m/ DOFEEE L THML TV Dz
L, &ZF|Z Rhizosolenia J&X> Chaetoceros J& D
EEMER EEEEAAE L T A EEM R ORAE LTS
BRI 10%pfu/ml DEREE T LM L2 2
o TORERMG, AHUAWGFBRCE, S
costatum DFRWNAKTF LI A ML FFOEEMTE
MMMERENTFEL TV AN TR E
Do RIZ S, costatum VERRIEABDE 2 BEE L, il
SRERVHERBRELZTo LI 5, 199
DB Z B S LT M 12T Alteromonas B
METHY, %2 8 A 22 BItHBshi
Alteromonas BANEEVL /Y B FHNMER D TH
LTz, Zivb @ Alteromonas JBHE D S.
costatum \ZX{F B EEMOERBIEL B~
B, WTho@kd, S costatum ORI
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FLTHERAMCKREHT 2B F LB D
B FRmMEYREERSE, TOMBAZR
YEER - FAT LV, HBLERTH
HWARPEBVTHEBEZTZONDF—DFE
FEL o Z LB EMIZR T, —H, S,
costatum % EBREARFAE & 3 5 IR DIEFE AL BY
WM BRFHBALFILIL, Cylophaga RATH
NEL BEE SN b DD, Flavobacterium JEH
@, Pseudomonas BARE & O Alteromonas JE#H
ELEBIND 2 CEMREMEERIIZRTS
ofc, TORMICKE LB MBS L
Cytophaga BB =SV T, BFMAER, B
F 4 R R OB OERBFEZ W~ L
ZA, INbOSBEFAMERITHRES ok
ML o TRV RR-THBY, BEEHP S
costatum \ZxY D MR OERBIED -2k
THDHZLEBHALNICR -T2, HHAMICI,
B TERRERERMEMESERLTWVD
ZENTFEMEND.

U Eofn BH b AR RFRIZE T 5
MSMMEABOAERIX, UTOX ) ICHRES
N5, WEKPITIT SRR EE R AR B B B A
FELTRY, b2EMFMORERICH,
{EPDEHITL>T, EORPLHIHE
OMEBEARINAYITHIM L C & THATE 2
%, TOMBEBFRRELZRMT LI
Lo CEMFRWONMBRIZEEL RIELT
WATAREME L EZbILD,

WE LR TR MR E BT D
&, BEEHCEWETIE, T — AR -
HRAELMbTREMEOL SR SN
Dicx L, HHBREERTIEAVEEEL
R OFRENRAE LBz, FLSEF
BOMESE & 78 318 2 8 Alteromonas AR 3
ELTEY, ThUSAOERIZE, 2BFEN
MRz DWW T bIEERIC OV T D THER
PR EEMETARRYE M ASTETE L TV RS, PRI



ATER-TWVWE, ZOLIRBHNERLEN
EBOVL2E LT, RUMOL I RER
LW TE, EFCmEOER (R
T Microcystis JB) ML T N—LEFK
THEND, BERE /Y — U THAER
HOBEBNRE - A0 L, AR TIIER
FAERELTVDH OO, TOEEMEM
HkxTHY, EESHOERNLRIHEE
HRMTHBH - LNHL, SHICRRERMD
FEHTHLEWVI LI, HBAEREOERY
RENWBLILRD LT NICHMESRTH
WD EANFEFONE, DL RKED
BMEDBWIZ L 2T, MBTIIMAERE L™
A A AR A T L D FR L BIAR A LB BB
fELTWB DK L, AHMICEWV TSk
A2 PR AR L 2R TS BTA AR MM & O
Mz, BMICHbALH->THERBRIERS
NTVWB LD LHEBREND, HAHFEDER
PSRE BT L CHRWPR IR L 2R o T BB ITI,
07 B DRI & - TEOBMEREEEKRD
R v ANNh, H3HEOCHAEEEORN
MBI NDRER, HOBEOHERGRIEMEE

PRARICHEMLTETESME RO LA
ahs,

A%1E, BKKICBIT 3 EELMERERRE
RESE (EEMLEBMICBVWTR
Lysobacter BABE , H AWM IZHL WV T
Alteromonas [B#0{ & Cytophaga JRANE) 7% %
REGH BB T X B HOEHUAR DNA 7
n—7REEERL, TAHEAWT, B
BB KIRIZ 36\ T o SUR A AR M A O B R
LT N — AR & OBRERSD
CENLETHAH, ThIZE-T, RN
L ARSSUA AR AR & oM BB, X
DRI RS LI END, T, HER
WERRMEMEIZOWVWTIY, TOELET IR T
DIENTF OBEMUEY R E RN T D &3t
2, FNbOEARGRIERBIELZH LT
T3 :NREEND, ZOX)RERT—F
OWMAERIZL 2T, PHAERBAMREHEEO
MREEICR & LWAD IS & LTOFARE
DT AT 47 bFENATL DOTIXRVMNE
mrESh s,

Summary and Conclusions

Ecological and physiological studies on algae lytic bacteria

in lakes and coastal waters

Atsushi Mitsutani

In eutrophic lakes such as Lake Suwa and Southern Lake Biwa, blooms of cyanobacteria have occurred in
every summer seasons and have become an object of public concerns, especially 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 winter seasons and have damaged to 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 lytic microbes.

Various microbes, such as bacteria, phages, actinomycetes, fungi, and amebae have been known to have
the ability to lyse cyanobacteria. They were considered to play important roles in regulating the bloom of
cyanobacteria. In this study, seasonal fluctuation of the abundance of such algae lytic microbes, especially
bacteria, was investigated by double-layered agar technique in Lake Biwa, in Lake Suwa and in the Ariake
Sea and mechanism of the lysis of algae by isolated lytic bacteria was examined by coculture method in order
to know whether the decomposition of algal blooms in lakes and coastal waters was really affected by these

algae lytic bacteria.

I. Ecology and physiology of cyanobacteria lytic gliding bacteria in Lake Biwa and Lake
Suwa

(1) Seasonal fluctuation of the abundance of cyanobacteria lytic microbes was investigated in relation to that
of bloom-forming cyanobacteria at two stations in Southern Lake Biwa in 1985 and at Mesocosm sited 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 numbers of the lytic microbes in surface water were in a range from 10” to 10°pfu/m/ at Yabase
station and from 10 to >10°pfu/m/ at Shimosakamoto station. At both stations, especially at Yabase station,
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fluctuation of the number of the lytic microbes was correlated well with those of chlorophyll-a concentration
and the cell number of Anabaena solitaria, bloom-forming species in this lake. In Lake Suwa, the number of
the Iytic microbes in surface water was in a range from 10° to 10*pfw/m/ and the fluctuation of it was
correlated well with that of chlorophyll-a concentration in surface water in 1986, when M. aeruginosa,
bloom-forming species in this lake, was used as a host. The number of lytic microbes in surface water was in
a range from 10' to 10°pfu/m/ and the fluctuation of it was not correlated with that of chlorophyll-a
concentration in 1985, when A. cylindrica, which had never been a dominant species in Lake Suwa, was used
as a host.

(2) Bacteria always occupied the majority in the cyanobacteria lytic microbes in both lakes. Eight 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 A. cylindrica M-1 (IAM) as the host indicated specific lytic activity against
cyanobacteria belonging to order Nostocales including Anabaena solitaria, bloom forming species in Lake
Biwa, whereas 10 strains isolated from Lake Suwa by using M. aeruginosa NIES-99 as the host in 1986
indicated specific lytic activity against cyanobacteria belonging to order Chroococcales including M.
aeruginosa.

(3) A protease was purified from the culture filtrate of a cyanobacteria lytic bacterium Lysobacter sp. LB-1
isolated from Lake Biwa in 1984 by ammonium sulfate 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 of it was 4.0%. A
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 A. cylindrica strain M-1 (IAM) treated in sodium dodecyl sulfate solution at 100°C.

(4) The process of the lysis of A, cylindrica M-1 (IAM) by Lysobacter sp. LB-1 was examined in coculture.
The number of LB-1 increased rapidly (up to about 5x10°cells/m/) after it was inoculated to the culture of A.
cylindrica without lysing cyanobacterial cells possibly by using extracellular organic matter (EOM) excreted
by A. cylindrica. The growth of LB-1 once reached stationary phase and the number of LB-1 increased again
after A. cylindrica reached stationary phase. With the increase of the number of LB-1, many green clumps
appeared in coculture. The center of these clumps contained partially lyzed cells of A. cylindrica and the

surface of clumps was covered by a great number of LB-1. Clumps increased in number and in size with the

progress of lysis. Clumps spontancously disappeared with the completion of the lysis of A. cylindrica,
Lysobacter sp. LB-1 was considered to be an opportunistic pathogen of cyanobacteria, because stationary
phase cell of A. cylindrica M-1 (IAM) was susceptible to protease produced by LB-1, whereas log phase cell

of it was resistant to protease.

IL Ecology and physiology of diatom lytic bacteria in coastal waters of the Ariake Sea.
(1) Changes in bacterial flora in surface and bottom waters at two stations sited in the Ariake Sea were
examined to investigate the relationship between bacteria and bloom-forming diatoms from December, 1989,
through February, 1990. Flavobacterium was dominant (up to 60%) during the period of small scale bloom
of a diatom Skeletonema costatum. Four hundred and sixty two strains of isolated heterotrophic bacteria
were screened as to the ability to lyse S. costatum NIES-324. Among them a strain (ASY) indicated strong
Iytic 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
heterotrophic bacteria during the bloom of S. costatum did not indicate Iytic activity against S. costatum
NIES-324. It was assumed that Flavobacterium did not contribute directly to the decomposition of the
bloom.

(2) Seasonal fluctuation of the abundance of diatom lytic microbes was investigated in relation to that of
bloom-forming diatoms at two stations in coastal waters of the Ariake Sea from January, 1992, through
February, 1995, mainly in winter seasons. S. costatum NIES-324 was used as a host for the detection of Iytic
microbes. At both stations, the number of the lytic microbes in water sample was in a range from <5 to
10°pfu/m/. The number of diatom Iytic microbes significantly increased (up to 10°pfu/m/) on August 22,
1994, when a bloom of diatoms, in which S. costatum was dominant, was rising, whereas it slightly increased
(up to 10°pfw/m/) when blooms, in which diatoms belonging to suborder Biddulphiineae such as Rhizosolenia
sp. or Chaetoceros sp. were dominant, occurred in winter seasons. Because bacteria always occupied the
majority in the diatom lytic microbes during sampling periods, 32 strains of diatom lytic bacteria were
isolated. Among them, 16 strains were identified as Cytophaga spp., 9 were as Alteromonas spp., 4 were as
Flavobacterium spp. and 3 were as Pseudomonas spp., respectively. Alteromonas spp. was dominant in
diatom lytic bacteria during the summer season of 1994 and only Alteromonas spp. was detected on August
22, 1994, whereas dominant genus was not clear in the fall and winter seasons. Host specificity of 6 strains
of Alteromonas spp. isolated during the summer season of 1994 and 16 strains of Cyfophaga spp. isolated
during the fall and winter seasons 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 range against diatoms belonging to suborder Biddulphiineac and Chattonella

antiqua (Raphidophyceae) was observed.
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(3) The process of the lysis of S. costatum NIES-324 by 6 strains of Alteromonas spp. isolated during the
summer season of 1994 and 16 strains of Cyrophaga 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 appearance of protoplasts and disappearance of cell contents, whereas 6 strains of Alteromonas
spp. indicated the same process, disappearance of cell contents. Their coculture filtrates were fractionated
and the existence of lytic activity in each fraction was examined. As to many of bacteria indicated the process
of type 1), lytic activity was detected in the fraction of high molecular weight (>10000). As to many of
bacteria indicated the process of type 2), Iytic activity was detected in the fraction of low molecular weight
(<10000) and ethyl acetate soluble. It was suggested that the difference of the process of lysis was derived
from the difference of the lytic material produced by bacteria.

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 (up to
10°pfu/m/) 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, particular group of lytic bacteria which had strong lytic
activity against dominant species in bloom-forming diatoms increased in number (up to 10°pfu/m/) 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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