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The Algicidal Effect of Bacteria, Bacillus sp. C-4 Against
the Harmful Algae Chatonella marina (Raphidophycaea)

Su-jeong Kim

Graduate School of Education

Pukyong National University

Abstract

In order to isolate the bioactive compounds exhibiting algicidal
effects from the marine bacterium Chattonella marina, seawater was
collected from the coastal water at Uljin from June to October 2006.
A total of 100 strains were isolated from the seawater samples.
Seawater was filterated with the mesh having a 0.2 pym. The mixed
culture of C. marina was grown in f{/2-Si medium and we
successfully “isolated bacteria which show a remarkable algicidal
effects against . C. «marina. One strain of marine bacteria, showing
strong algicidal activity for “C. marina,~was isolated by Cell Culture
Insert. This microorganisms were tested by examining its
morphological, biochemical properties. Also we have analyzed 16S
rRNA gene sequencing for identification. Isolated strain was
tentatively identified to be Bacillus sp. and designated as Bacillus sp.
C-4.

The optimum culture conditions of Bacillus sp. C-4 for growth and
production of algicide against C. marina were Initial pH 7, 3% NaCl
and 200 rpm agitation at 30C. And Bacillus sp. C-4 relatively grew
in conditions which were 20 ~ 50C, pH 5 ~ 9, NaCl 0 ~ 7%.

Algicidal activity of Bacillus sp. C-4 against C. marina was 99% at
lately log phase, 84% at early log phase, 60% at stationary,
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respectively.

In cell densities, C. marina 0.7 < 10° cells/ml was decreased to
less than 0.3 X 10° cells/mL within 18 hours after incubation of 107
Bacillus sp. C-4. C. marina were reduced by half within 6 hours
after incubation of 10° Bacillus sp. C-4. In addition, the Kkilling
effects were increased in accordance with bacterial cell densities.
Especially, the filtrate of algicidal bacterium culture (pore size, 0.1
um) revealed a dramatic effect in which C. marina were decreased to
less than 50 cells/ml of culture within 42 hrs, 30 hrs, 25 hrs after
incubations of the culture filtrate with the addition of concentration
of 1%, 5%, 10%, respectively. The result indicated that the algicidal
effect was mediated by certain substances released by Bacillus sp.
C-4.

The algicides produced by Bacillus sp. C—-4 were stable within the
pH range of 3~10 and temperature range of 4C~100C, respectively.
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A SR A dAds oY Fadste HMATAA A
) ¥k (Harmful Algae Blooms,
HABs)Z sl FAElA 2 A7 A4 433 93 F1 dth(Anderson,
1989; Hallegraeff, 1993). HABs 3%
(Subrahmanyn)x= Chattonella antiguast &7 brevetoxins (BTX) A 2} FA}
3 A gA AAES AAEE F O Z(Onoue-ef @/,1990; Ahmed er al,
1995) ol F<o Aol &F Al FEl A WA(free fatty acids)¥ SAdA4bA
(reactive oxygen- species)oll &3t x| & 43tz o &2 AFEQd FoE EF
do A ofFE HAA 1t (Shimada er @/, 1983, Oda er @/, 1992, Marshall
et al, 2003, Tang et al, 2005). °]&} o] ojfFol AWALd + U= O
marma® 9 AxE Qlk Malabar ASFelA A S o2 WAt o {9
A HALE Ao F a1 (Subrahmanyan, 1954) 1 % ¢ maries ¥ =3
Chattonellas 2 A9 F343dE WYkl g s TAHo= AxE FA s
st FArE e s BAAZI o™ (Imai ef @/, 1986; Okaichi, 1989;
Yamaguchi ez @/, 1991; Hiroshi es @/, 2005), o] & ol F =5, FolAlo}, &
F, =, 3R 2gR aga ydd s 5 HAFAQD EdA GG oA o]
B QM (Tsenger @/,;71993; Obedrecht and Abreu, 1995; Vrieling ez
al, 1995; Zhang e a/, 2006). o}l e} FH <+ UNESCO 4tste] I0CH A+
C marings =AAQ FE#e 2 FANG Fol fdsts w3l - 7=
ZHE st

Hara ef @/(1994)o w2, AAXA 2 ChattonellasS QA C ez
BV E35} & atigua, C globosa, C numma, C ovataq, G subsalsa 2 C

ARZF{  Chattonella marina

verruculosa 5 7% Bu¥E 1 Yt} o F C marinas WEW C antigua,
C globosa B C ovata s 4F°) = AtoA Zdsta Yo His
HKim e @/, 2005). F2lyetol Ao Chattonellas ol dgk 7] 5L 19834
AERA N Chattonella <°1 €13 A Azx7F Bi =H%loy (Park es @,
1988) Azl o3 osjFo FHA Fo FAIH V=S AT ol F
Chattonelles; Z @3 #HAF 715 Holx Frirh 2004 o] F e eb A



=
T dYs FAoeR ¢ atigurZt DEEZ EA(FHW 850 cells/mL)ﬁ}O%
Cochlodimium polvkrikoides®t 7 F713ko Ax g xE FAsU L
20063 Al Al Chattonella %01 A& EH ST dHE A
Zdste] (Hd 3,000 cells/mL) ## FAb FALASE AFAES A7
o

A A A A Az A A Aol ol2= AAHS dEd B
i

7}t @A (Fukami ef @/, 1991; Yoshinaga e/
al, 1995b)e] B F gt} =gk ol ok A A, Mo AEY
AafA = AET] AEE ste FAAESS AEEsto] AEAEY Ao
et A= Rusa dH(Seo ef a/, 2003).

S nAzRFIT 24 BE BgE A A wlE5E £ 7] 2 (excreted

2]
organic matter, EOM)2 8 A Bl Al o] 4 FA| g &= ¢l+= %ol (Mague e
5

3 =
al, 1980), °l& 718 TAE AT A £2 FdEHo] FHH
Adadel sol Qs vA7IE 3, A7 AE AldE 2 A2 A 9
9 BRk olygb mAEF Y T4 X Ee ASEEAS EHste] HAx

T Holol Fge mA = ZHOwE dH A UTH(Cole, 1982). H <, 374
of AAsta e olE Hx AlTS S83o, TP Tkl A5 @A
Hols51 dv vMAEFFY Zo], 34 W40 Ax HAHS Mdstd =
wgo] gF¥ 3 9 th(shida er @/, 1997). oleldr #HolA Az AES A
A7 AY S22 Aslste e A Algto] Ak slde EAsta 3
ol o AFAE Yl v A i th(shio e @/, 1989; Sakata es a,

1991; Fukami er @/, 1992; Mitsutami es @/, 1992; Imai e @/, 1993, 1995;
Yoshinaga ez @/, 1995 a; Park er @/, 1998). 22jv} A A A A= A+
of FH 2 AHAx xR AF HAx Ao oA #dd AFe= =79
AXo] A7} W (Yoshinaga er @/, 1995; Kim ef a/, 1998)% o] S o
=

Al Az Aze] 7A B AAMezs 345 ofF A3 (Steidinger,

ol



1983; Ryu ez a/Z, 1998; Koji ez a/, 1998), I E % uE2 $HA| o] &
(Na et al, 1996, Choi er a/, 1998)%5 <2 =24, 584 WHo] AFHAA,
FMlT R ompoly 2o Hx FHE o] AETA WA e A=
g3 ZP = Quhdshio er @/, 1989; Sakata ez @/, 1991; Fukami es @/,
1992; Imai ez a/, 1993; Yoshinaga 1998; Park ez @/, 1998).

a2 % AEATEE ol 8T Ax WA I AFES AYRY, AxA4E
Al Z& APEAI7I = A FATES EElste] AT SA Y AEA
3k WM Sakata er @/1991)°] Chaetoceros ceratosporuns Imai et

al(1991)0]  Chaetoceros  ceratosporurnrs  Mitsutani er @/ (1992)°]

o

)

Skeletonema  costatunrs Fukami et al(1992)0]  Gymmnodinium
nagasakienses Yoshinaga er a/ (1997a)°) Gymnodinium mikimotorE At
A7l AT EEletdon], dFs Tl AxAEH FEA Y
FEjol #3I AT EE Fukami er @/(1991), Yoshinnaga e @/(1995b) =
Kim e @/(1998)°] bioassayHS ol &3kl Z+2Zt Chaetoceros ceratosporum,
Chaetoceros muikimotor, Helerosigma akashiwos el 2ZAd9 THE =
Ab - BastSith. A sl 7] Zpell ek Aol FAlAoE Aol Aibst
= AR E R AZRAES AXA7]|E 713 S 2 Ishio er @/(1989), Fukami
et al(1992)%5 ol Az HaAd 45 A4 EH o=z 2/FE AHE
NI = Pseudomonas aeruginosa(Dakhama ez a/, 1993)] @ AF7F H
aEPon, A Aol AxAEN HEFst dRAI= Ao ReE EF
ATt el Saprospira. spSakata 1990, 1991), Cytophaga - sp. (Fukami e
al,. 1992)° g A7k marw it o] o} Fro] sfFHB=S o] 83 Hx
WA Ao Ao oo s AFATFo] #Bate] BE ATy WP E o
ZHE AMEATIE AT 2RSS 2dste o PAAEA A
Zo A% 28 AP oR offd 5 Avta AAE vk At

2, A FaAolM A5t =

=

O ESEERCE

2 o Az A 2307
AES olg3te] AA Aejx3ss -F4 03420 Ax FAHS MLsd =
02 Az 8 do AWE Chttonella %55 HEA7= Ade
sto] el A=Y FoAAE Fdestdoen, ¢4 Hdx5E 7
Az Agte] Az A Ax ) Ax BoAs AFToEN 23 29
o] glv A AEHxIFH -4 A Ax WA 7Ee V2 ARE A
sote] AxE A FAYY FEE Fole d 7lodstaa st



[.AS 2
1. A8 AFH

2006 6¥H-E 10¥ 77}74 A do A = ARE AT (Fig.
1. A3t ®84 A Niskin MFH 5712 o] 83te] 180T Al 24 7

AE EHg %?Héoﬂ Fadow gl on, AeE AEe Ice-boxel
Byste] A7A=R &7 A4S

2. Az AT £

£7 A Aol A ARG BE AEE Fig. 29 WH I Zo] pH 762
2= zZ4d% PPES-II(Taga, 1968) (Table 1) HIuj=|o] HFXHo = 3|43}
o] HF5=UH (Buck and Cleverdon, 1960)2 2 %3l 25TCoA 1597
Il < Bl colony FolA 54U JFEE YHEFWE colonyE EF
Adsle] e stan. Fa8 e 4249 colony & CHuattonella marina)

3k S dolH 7 93] 24 well microplateol] F/2-Si v =] ol A A nj o
Y C omaring W F (107 ~ 10" cells/mt) Tme® & ztz} B 583 PPES-II
AR oA A ke sFATE WFAG x 10° cells/m)S HEFF C

%

maring e x50l Mg 5 FFE AdE g

(e}
2,
rot
o
i

3. Chattonella marina® ¥ %

Aol A8 Chattonella marma= PIAIZFSYOZHE F g
C marma® WL 25T, pH 82, 6,000 luxe] ZALoZNoh er @/, 2006)
f/2-Si¥) A] (Guillard and Ryther, 1962; Guillard, 1975) (Table 1)& A}-&3}
of wjj Fat .



Fig. 1. Location of sampling stations in Uljin, Korea.




Samples (seawater)

Inoculation

PPES- 1l agar plates

Incubation
(25T, 7days)

I Colony Isolation

Fig. 2. Isolation-scheme for marine bacteria.



Table 1. The composition of PPES-II medium

Polypeptone

Bacto Soytone

Proteose Peptone No.3

Bacto Yeast Extract

Ferric Citrate(0.1%)

Bacto ‘Agar

Seawater

Final pH

2.0g

1.0g

1.0g

1.0g

10.0mé

15.0g

1000me

7.6x0.2

(Taga, 1968)



Table 2. The composition of enrichment f/2-Si medium

Major nutrients NaNOs 7omg
NaH2PO4 H»0 omg
Trace metals NazEDTA 4.36mg
FeCls 6H20 3.15mg
CuSO4 5H20 0.01mg
ZnS0O4 5H20 0.022mg
CoClz 6H20 0.01mg
MnClz 4Hz0 0.18mg
Na:MoOs Z2H20 0.006mg
Vitamins Thiamin HCI 0.1mg
Biotin 0.5ug
Bio 0.5ug
Sterilized sea water 1000me

(Guillard and Ryther, 1962 ; Guillard, 1975)



C marines T8, £5 F o] %(axenic culture or bacteria-free
culture)st”7] $138+¢] Droop(1967), Fontana and Haug(1982) 2 Cottrell and
Suttle(1993)2] WH 2 &-8&35to] ool & antibiotic complexell =3 Al
A 12717 A% v Fste] M F3o] T & 11]745} ¥, U FAAAE A
ZbsbA] & A2 E £/2-Si s A4 A
3] HhEglo] AL FEwSFE Fo HAAE
AA 9 mAEe] HEHA ZFe S A F BE AP ALEESA
th. A& antibiotic complex®] FF¢ AFE S Ampicillin 100 gg/me,
Streptomycin 100 zg/m¢, Chloramphenicol 10 ug/ml, Penicillin G 10 ug/ml,
Neomycin 50 zg/ml, Gentamycin 50 uyg/m¢, Kanamycin 100 zg/m¢, Nystain
15 pg/miolgom I3t AAtol= Nutrient Agar, PPES-TI, STIO(A ¢ 9,
FTEHGUATE v A, YM Agar(Yeast& wl#]), SDA(&Fo]& w=A)E A}
R

4.1. Fe 3, AslsA test

Ade AzAFS HEAH 5EAS dolrz] fe] AdEe AxATES
PPES-TI agar AFRwfz]ol «HF3ste] 25TCel A 484175 <t precultureA] 21
Z2 3 A3tS PPES-T broth7b 20m¢ Z3¥ 100me 47 Zeps=d)

9131, shacking incubatorol Al 25°C, 200rpmC. & 24A) 7+ wj k&) & v).
]

o

’

=

o
ol o

=
B o
olN

]_O
21719l wjekdS  AFE3lol  Microbiological Applications(Benson,
1990)e] ®WH o 2 Gram stainings FdeP o™ FstE0 A (Zeiss Co.
RMS 16)2= HA74atda, Fejdd 545 HAArt £ AshshA
545 dolrry] 93 A2 Manual of methods for general
bacteriology(Gerhardt ez @/, 1981)%} Biochemical tests for identification of

medical bacteria(MacFaddin, 1980)¢] Wi o] F38to] 433

4.2. 16S rRNA Gene Sequencing ¥4



sl AEE T 16S rRNA gene

4.2.1. AT o 2XE total genomic DNA 3

AccuPrep ™ Genomic DNA extraction kit(Bioneer)E A}&3}¢] total
genomic DNAZ Z%319t}. AccuPrep’ " Genomic DNA extraction
kit(Bioneer)E ©]&3 bacterial genomic DNA & W& gy 72
oh dE 15 ml tubeol] Wi 1 mee] AEE ¥ 14,000 rpmol A 2
B2 4A st @A R g, pellets #dhed 200 w0l lysis buffer
=S #H7Fstg . o 7)ol 20 who) proteinase KE H7pste] & g3 &
56 ColA  1AZE  wFFAI T Cello] €3] lysisH v g7
spin-down?d %, 200 w02 Binding bufferES Al &0 Y i 60Co A 10%
ZF A T HEgo] Eyt tubeo] 100 ple] isopropanole ¥ il 5% A
= 7} A vortexdle] Aol the 102 AE spin downstth A EES
2 ml collection tubeol A3 AlZ] binding columnel %71 % 8000 rpm
o A 187 U4 EE st 500 2] Washing buffer 1S %31 8,000
rpmol A 127 A2t of 7] 500 wle] Washing buffer 25 tube
of Wi 8000 rpmolAl 1w ot ¥4 =23k Binding columng
15 ml collection tubeol -zl F 70T. water batholl A mg ©l&
elution buffer 200 W& ¥ i 5%F Ao "X s F 8000 rpmol A
T s YA 28 Eo elutionst AT °]E 1% agarose gelol| # 7] <3
F3lo] genomic DNAE 32ldlla, PCR W39 F3d oz AE3IA

=
4.2.2. Primers T4

165 rRNA Fd#e] SFo] o] 8% primer® Moyer 5(1994)el ¢
2otd AL AFESYUTE o] 5 primer®} S eubacteriad] 16S rRNA A =}l

A wER BRRO AVERAMN  Zschericia coli 16S rRNA2] 49-68,
1510-1492 9o @ H == degenerate primerg® WEHT. FIIE

_10_



forward primere] 57 = ATEA  ZooRIG AAFHAE HIFEA L,
reverse primer?| 5 o= BamHIl A2 FHAE H7Fstd

Forward primer :
5" AGAATTCTNANACATGCAAGTCGAICG 3’ (27-mer)

Reverse primer :
5" GTGGATCCGGYTACCTTGTTACGACTT 3’ (27-mer)

N : degenerate including 4 nucleotides

Y : degenerate including pyrimidines

4.2.3. PCR ¥§

PCR #W$& AccuPower PCR Premix(Bioneer)2 Al-&3lo] 2 A5t}
PCR ¥F$E9 ZAL2 10 pmol forward primer 3 uf, 10 pmol reverse
primer 3 x0, template DNA 3 @, 328 B 75 41 W& #E7Fste] 50 ul

™,
o Wg TFPEEL Vs & st "S IPAAH. PCR IS
Minicycler(M] “Research, U.S.A)ol| A 2 A] }9\ o A% 94Tl 5EzF A

AAZL 0 94ColA]l 30%, 62ColA 30%, 72Col4 124 353 REEdLo
DNAE FEA]7]1, U}X]‘E}jli 72Col| A 747t extention time= F 9]
PCR W$5& ZZAAATY. o] 1% agarose geld]l A719 %3] DNAZE 3
HiCE A=

4.24. DNA A3 AA

PCR W$E& 1% agarose gel, 0.5xTBE buffer(0.045 M Tris-borate,
0.001 M EDTA)°A H71%9 538t bandE &3 % #F9H bandE Z
o] 1.5 ml microcentrifuge tubeo] AT o 7]el 6 M Nal(6 M sodium
Iodine) 600 W= 2 50CoNA 587 gelS = AT, gelo] ¢As] m& A
S 93 % glass milk 8 WS Y3l rotatorol A 20E37F WA ZT o] =
CFAl 14,000 rpmoll A 5%7F centrifugestal pellets #H3dtth. Washing

_11_



solution(l1 M NaCl 40 ml, 1 M Tris-Cl 4 m¢, 0.5 M EDTA 2 m, 33 <+
F 54 ml) 500 wES ¥l pipettinge® AL, 5%7F centrifugedto] pelletZ
Astl o A= A4S 23] vk Foldd = alcohols EeiH 2l7] ¢
3 vacuumoll Al 5-10%F WA Ak o]E ©A] 45T A 3zt WA &)
Ui 32 SHFTFE 20 wE ¥ HoE = 14000 rpmolAd 1#
centrifugesto] 45 &S Atk A5d 1 e FHde] 1% agarose geldl
Al A 719 3Fe] bandE &<QlstA

£

N

4.2.5. Ligation

AAE 165 rDNAY PCR ¥H$ES pGEM-T-vector(Promega)ol 723}
At DNA 3 0, T vector 1 uf, ligase 1 ul, buffer(2X) 5 = A} 3}o]
volumes 10 w2 9t Fo Ao A 2A17F 9E-3-A] H o,

4.2.6. Competent bacterial cell® 1|

LB agar viA|ol 7| Z co/ii XL-1 BlueE 3 ml{2] LB dAHIX o HF
sto] 37Co A st AFu|ksta, o]= ©hA] 10 m¢ coning tubeol] 4 ml
o] LB HA|ujA el )% F3ske] 37ColA skyut wikat At i gE oo
1 mE 33t 5000 rpmoll A 5% 7t centrifugesto] A5 S v g, AA
AMEES 4TCT=2 Y2rE 800w CaCla(50 mM)E& il icedl A 20
resuspension 34Tt o2 A} 5000 rpmolAl-3E 7t centrifugesto] A
< WEa, 200 w9 CaCla(50 mM)E %3 resuspensiondlo] AR-&3} T},

o[n S rN
.

2

4.2.7. Transformation

10 w9 ligation WHS-% w7 —i‘ﬂ] 3 200 we XL1-blue competent
celld E3H0] jceo] 30 Jx gk & 42Co| A 90%3t heat shockE
I A jceoll A 5w XE WA okt O]—e‘ LBul#] 800 w& H7Fste] 37T
o Al 457 Bt X EH) A o] = t}A] 5000 rpmoll Al 3&7F centrifuge
sto] A5 A wgxz LB WA 200 w= ¥ o] resuspension 3FATH o] =
Amp”7} #7F" Mackonkey agar Wl *| o] =23sle] 37C ujeFr]o] 18A7F njf
ek o, 4T Fo] AMZo] FAFAW white colony e Al g 5}o]

o o
19

_12_



LB(Amp+) brotholl H%3}¢] plasmidE mini—prep s}

4.2.8. Plasmid DNA mini-prep

Plasmid DNA<+ alkaline lysis mini-prep® ™ (Sambrook, 1989)¢ 2 ¢
a1 ATEgre et A" DNA AHL
RNase& A & 3tal phenol :

gt oy plasmide
249 o

chloroform A A 23 2

< A ODuxwooll A &
A71AE EA ol AR A T

O—J——E

HzATF ARFNEAL A4

)

o

A% Aaw itF EEE %45
= A

AR
10, 20, 25, 30, 37, 50C, pHE 4.0, 5.0, 6.0, 7.0,.8.0, 9.0, 10.0
o2 NaCl #&=+ 0,

O 2=

o] AAde] w A= #HA X%, pH, NaCl

0, L0, 2.0, 3.0, 40, 50, 6.0, 7.0, 10.0%% =A 3}
PPES-TI vl A of] A] 7 nl] &Fet A3 A

o] Hjekels F skl MEE PPES-TI
Aol Zzh H kol 18417 vl F we] T4 & 3 F = (Shimadzu
UV-160)E  °]-& st 660nm ol A —E—%E%

FAs . Ao A9TE
A nE Wz 25T, pH 7.0, 3.0% NaCl, 200rpm 2. = 3} %
HXOPS'—}\

2o 2atE &A v

[e%

bnoke PPES T Al A6 4250l o
#7300 A WA80rpm) SR A u) 341 3kEke 660Rmel 4 EAEE 4
39l

6. Chattonella marina 9 3 AZ F3
AZATY C maring A E AR FHS FAEHZ] HEto] 24 well
microplate°l] pore size 0.2 im?] Cell Culture Insert(FALCON, USA)E 4+
) et 2z 9] A (Fig. 3)E o] &3St

Cell Culture Insert W¥ol {/2-Si WXl A w3 & marina v
(1.2 x 10° cell/mD 1mE 4

o

31, Cell Culture Insert ¢ 5ol = £/2-Si Hj X

_13_



24 well microplate
cell culture inserts

A B G D E
Detail arangement
{A) Negative (B) Test wall (C) Positive
contral well Ccontrol weall
PPES—-1 1| Bapiffes cp. C—4

= = [T==
< 2] e ] | e

T _T‘ T e l-nTJﬂJ~ﬁ i"irll

t72-Si

Fig. 3. Cell culture insert for study algicidal type.
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1 mE ¥k PPES-I A AlA A wjedd Zd2A(10° cell/ml)
1 mlE Cell Culture Insert 9] Fo] ¥ AL test wellZ 3+, cell culture
o xS H73 wellS positive control®Z sFgth 2811 Cell
Culture Insert ol HZAvS FH7ket= thalel PPES-T o Aluj A vk
A 7}8to] negative control® (T BE welle & marine® Wk =4
(25T, 6,000lux)oll Al wiekstA Tt o]l Cell Culture Insert 59 A 29

B Cell Culture Insert W49 WS FHsl  DAPIMEY,
6-diamidino-2-phenylindole) 4 % 33 &7 7 (Olympus BX40)3loll A Z]
A #&E 3 A H(Porter and Feig, 1980).

25Tel A PPES - HAluf Aol 184k v kgl o= 2 71l = FxA
o o Fd S £/2-Si wAel A 99 HE wjEste] 7HY Edo] =2 Wil o
FEA 7 DE C marima WEFER(1.2 x 10° cell/mDol 1%7F =2 HF

stAY e HAZxHOoE wdd AT wigds HAEE(8,000xg,
10min)sto] A5 S pore size 0.1 ym polycarbonate membrane filter= ¢
WIet & O omaring WA Q2 x 10° cell/mDol 1%7F HE=EZ HFso] 2
5T, 6,000lux <] 274“5} N A HjGkato] A xESs S AT FdS At

hAl eFar AL w3 AL controlZ 3 o, o] wl controlol = Wik
Al F ] £/2-Si HX]% Hol FoTh Az C. marmad AEFHE
Fetdm Aol Al A Fste] 48AIF Fol Aole C.o omarina METE
counting3}+= bioassay™ &2 A stH 0w ol et o] FeAtH(Jeong e
al 1999).

Algicidal activiy(%) = (1- - )X 100

( tc : cell number of test tube, cc : cell number of control )
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7.2. AzAFe) AAA Be dxi

AzArre] AFaA Az dotrv] fste AF M-S PPES-II
HAuf Aol HFFSF] HA el Al A AF wiFsHA wo] T2 A
zgAs AP S, dssA71 X0l =2 O marina W F A (1.2
x 10% cells/m¢) 100meell PPES-II A uf=|o A 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, 36A1 7t W %FE Bacillus sp. C-4 vkl Zhzh 1A HE38}o]
AN 7+ whoF T bz = (Algicidal activity)S ZAFsH U}

7.3 AxA T #Fo E Adxgy

f/2-Si WA oAl ¥l FAI L NFTA 7 O marima WF R 07 x 107
cells/mb)oll AzAa e 7N dFLE7 10°3 10°cell/ml o] 5 &2 HF5}o]
C maringdl N Fx2aH}  C marma®]l AE=MAT H3E FAHA
AzATe HEeA &3 £/2-Si WA WRS YAFE O mariae WFNS

control® 3} 9t}

ol y ol ge A%

t

Aol ek of hel Eime] whe A Egaks zAlels] o do] PPES-
O A= o] A thEZa] 7)o Azae A (8000 rpm)F A5 AL
FHsted EH® 0.1 wum polycarbonate filter® o2t o A S
marina(0.7 x 10° cells/m)9] wjFelo] 247} 1,5 10%° == H7}sto
C maring®l W dxza s FAbeA T o] W controlel = £/2-Si WA=
1, 5 10%7} S =% H7sS

N

J[m
o,
I
>

8. Ax &

i

94

2

3

81 8 ¢&
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e

ZA

ol Aiste EHY 4 dAANS Yoty H8iA, PPES-T 9
T2 719 AzAd dds A4 (8,000rpm) F
A5 #&tel "W E 0.1 um polycarbonate membrane filter= o 3} 3k
of 4, 20, 30, 40, 60, 870, 100TCelA] g A|ZF A2 F tiFF2 7]
C marina(12 x 10° cell/ml) o 5%7} H =% ZH7tste] Algbe] W& Axd
g ZAFSEE T o] W controlol = {/2-Si #iAE e 2L 2O FE 5%

7b HE= A7be oy

A

=7
==

A]

=2
>
=
o2
rot
fu)
-
of

1>

olr
[e3

oH

25

o o

%

B4 pH tAAS Dolrr] $lsM, &z 0A
v ok gk ax AT Wl o glolo] pHE 3,4, 5, 8, 9, 1002 X A3l 244
7 Fok AL AT F Al pHE 8082 Zdsle AxHS ZAH5A
t}. o] wW] 50mM sodium phosphate buffer(pH 2.0 ~ 5.0)¢ 50mM sodium
phosphate butter(pH 6.0 ~ 13.0)2 Al&3le] AT AT o] & 4547
o C marina(1.2 % 10° cell/ml) o 5%7} S E5 A 7Fsio] Al gbel] wE A
a2 HE XA AT o] uf eontroldl= £/2-Si WA E A& 22 o=
5%7F ¥ =5 H7hst et
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Az A B

2o AFdNAE &0 ZadA A sleE pH 7605 =4E PPES-
O F#duAe] MR st HApEWHOZ HFsto] 20CoA A 15
A Mg F YERD colony T 544U FEHE UEHE 1000 F 9
colonys AE3Att o5 HAE YN =EE FoAAN & marinad) o
x5 Bole dFE 5% wHsla o] ¥ M dxTol Hold #F
155 At o8 C48ta dA Wy

AEE Crae oy FA BEFig. DolH B8k testd £ AnE
Table 33 #%t¢}. =, Fructose, ramnose, galactose, mannose, mannitol,
sucrose, glucose, salicine, maltose, sorbitol, adonitol, arginine, lysine,
ornithine, citrate, oxidase, catalase WF-$-ollAl &< YEH A S} xylose,
inositol, lactose, arabinose 5ol <42 EFHATEH

B A FAHL 98 16S rRNA gene sequencing H41& % Z}
AEETH FAS AAFAT. Moyer 5(1994)0] 2]&] 1ot  degenerate
primerE Al§3%t9] PCR W& &S #|zFelitt. o] & PCR3F 3, 1% agarose
geloll Al 16S rRNA gene®] Z7]Q1 ¢F 1.4kb¢] bandE AT F AT %
W o] g 97 449 Z3}Z Genbank? 16S rRNA gene database
ol A EASte] 7MY e Adel =2 dFY @7IAEH vlaste] e A
I+ Fig. 59 #uY. B A 7= Bacllus atrophaeus(ATCC 51189; EF
188847)2F 7H  FrAMeE s Ad oz 99.7%e AEAHeS Riew &
maavensis(IFO15718; AB021191)9}= 99.3% 9 AEA S e, =3
AT AVIAEE olv wEl #Fe dAVIAEH vluste] MEGA 2.1
packageE AlE3le] AlSEE YEIH ZI+= Fig. 63 2.

st
Mo



Fig. 4. Gram staining of Bacillus sp. C-4( X 1,000).
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Table 3. Biological and physiological characteristics of Bacillus sp.

C-4
Test items Results Test items Results
Gram stain + Adonitol +
Xylose - Arabinose -
Fructose + Arginine +
Rhamnose + Lysine +
Galactose + Ornithine +
Inositol . MR E
Mannose + VP -
Mannitol b Indole 7
Sucrose + Citrate +
Lactose = KIA K/K
Glucose + O/F +/-
Salicin + Oxidase +
Maltose + Catalse +
Sorbitol +
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Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

——AGAATTCTTAG-ACATGCAAGTCGAGCGAACAGATGGGAGCTTGCTCCCTGATGTTAG
GCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAG

% KRR HORORRCKORAORMRAORRLORK R0OR R RO R RO RO OROR RO RN

CGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAA
CGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAA
SRR RO ORI R AR R R RO KRR KRR RL KR K KKK

ACCGGGGCTAATACCGGATGCTTGTTTGAATCGCATGGTTCAAACATAAAAGGTGGCTTC
ACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTC

E33 233333233 333233 333333333223 AR 332323332333 33333 2333338344

GGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCACC
GGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAAYGGCTCACC

E23 233333233 333233333332 3333232323332 3333323333333 223224

AAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGG
AAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGG

E33 233333233 333233 2333323333232 32 333233333233 333333 2333338344

CCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGG
CCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGG

EE3 233333233533 233 3332332333233 3233333333323 333 3333233333834

AGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAA
AGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAA

E2 3233333233333 2333333338333 23 382333233333 233 333533233333 83 44

CAAGTGCCGTTCAARATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAAC
CAAGTGCCGTTCAARATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAAC

EE3 2333332323332 3 3333332833228 332533233333 2333 3333333333343 44

TACGTGCCAGCAGCCGCGGTAATACGTAGGTG—CAAGCGTTGTCCGGAATTATTGGGCGT
TACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGT

30K 300 303K 50 30 30003 0 00K RO R RCRRCAOR R R KO R RO ROR R ORRRR R KORK

AAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGG
AAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGG
SRR KRR RO R AR R R IR SRR AR AR O KR AR KRR KK A KR K KKK

GTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGG
GTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGG

E23 2333333333332 3 2333823333032+ 20 2323322333333 33 2333338344

TGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACT
TGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACT

E33 233333233 333233 2333323333232 32 333233333233 333333 2333338344

GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCC
GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCC

E33 233333233 333233 2333323333232 32 333233333233 333333 2333338344

GTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCAT
GTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCAT
SRR RO ORI R AR R R RO KRR KRR RL KR K KKK

TAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGTATTGACGGGGGC
TAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGC
HEKLRELRLKRL R CRRL IR RLRRLHRK LKL KGR KL R CRKER RRLKRLKRK LK

CCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTC
CCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTC
SRR RO ORI R AR R R RO KRR KRR RL KR K KKK
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Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus
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B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Bacillus sp.C-4
B. atrophaeus

Fig. 5. Alignment 16S rRNA gene sequences of Bacillus atrophaeus

TTGACATCCTCTGACAACCCTAGAGATAGGGCTTCCCCTTCGGGEGGCAGAGTGACAGGTG
TTGACATCCTCTGACACCCCTAGAGATAGGGCTTCCCCTTCGGGEGGCAGAGTGACAGGTG

E33 2333332333332 2333223322323 3332333332333 3333323333383

GTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA
GTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCA

E33 233333233 333233 2333323333232 32 333233333233 333333 2333338344

ACCCTTGATCTTAGTTGCCAGCATTCAGTTAGGCACTCTAAGGTGACTGCCGGCGACAAA
ACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAA

E33 233333233 333233 333333333223 AR 2323332333333 3323 AR

CCGGAGGAAGGTGGGGATGACGTCTAATCATCATGCCCCTTATGACCTGGGCTACACACG
CCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACG
HEKERKLRLKRL IR CRRERERE RO R R AR KRR KL KL KR K KKK

TGCTACAATGGACAGAACAAAGGGCAGCGAGACCGCGAGGTTAAGCCAATCCCACAAATC
TGCTACAATGGACAGAACAAAGGGCAGCGAGACCGCGAGGTTAAGCCAATCCCACAAATC

E33 233333233 333233 2333323333232 32 333233333233 333333 2333338344

TGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT
TGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAAT

EE3 233333233533 233 3332332333233 3233333333323 333 3333233333834

CGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC
CGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC

E2 3233333233333 2333333338333 23 382333233333 233 333533233333 83 44

CACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTATGGAGCCAGCCGCCGAAG
CACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTATGGAGCCAGCCGCCGAAG

EE3 2333332323332 3 3333332833228 332533233333 2333 3333333333343 44

GTGGGACAGATGATTGGGGTGAAGTCGTAACAAGGTAACCGGATCCAC 1484
GTGGGACAGATGATTGGGGTGAAGTCGTAACAAGGTAGCCG————— 1481

S0 300K 30 00RO R RO R ROR R LORKRRRAORIORRK K KKK

(ATCC 51189; EF 188847) and Bacillus sp. C-4.
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g 1 B. vallismorlis (DSM17031; ABO21198)
G B. amylofiquefaciens (ATCC 23350 X60605)
LLS, subflie subsp. subtile (DSMT0 Al2T6351) 8
& 88 mojavensis(IFO15718: ABO21191)

100 Bacllussp.C-4

ML B aghophasus (ATCC 51180 EF188847)
8. Hichaniformis (DSM 13 X65416)

B. carboniohiius (JOMAT3T: AB021182)

Byshackletonfi(LMG 18435 AJ250318)

0.008

Fig. 6. Phylogenetic tree of Bacillus sp. C—4.
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Y9 oFE Baclussel ETIdHE A
= x40

LBacillus sp. C-42F11 FHEF4

3. Bacillus sp. C-49 HAA FAx1H AF=A
3.1. Bacillus sp. C-4°] A A FAx4A

PPES-TI wi Aol AulFSt Baci/us sp. C-4-2] vjFH S 1mA F 35}
A2 PPES-IIwl el HFslo] 72 =538 4, 10,-20, 25, 30, 37, 50C
2 AdAs 18A17F vl Yge & 660nmolA FH=E AN 23 E Fig. 7
of el AT}, ofuj o) wjFzA-2 pH 7.0, 3.0% NaCl, 200rpm o = X/ {F Hj
At ATt Bacillus sp. C-4 2 HZAH 25= 30CH o™, 20~50TCoAA =2
o] 7bsatd o, 10T 9lstoll A= S24 o] fdgatA] Xt

PPES-T wj Aol A Awl e Baci/ius sp. C-4 o vjFdS 1meH 3 &}od
pHE 4.0, 5.0, 6.0, 7.0, 80, 9.0, 10002 AAsr A= PPES-T wjAo A
Foto] 18AIZF Hl YT ¥ HY TAZ 660nmolAd FFEE FAT A E
Fig. 8o YelH ATt ojuwe] wigk 7L &% 30T, 3.0% NaCl, 200rpm-2
2 uwku) e G ok Bacillus-sp. C-4 = pH 7.00 A 7+ Z21o] = gle
o pH 4.0~10.00914 Z2]o] 7}23}0ﬂ

PPES-TI wiA| ol Auf et Baci/us sp. C-4 2] AL 1mlA F 35}
NaClE 0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 10.02.2 ZH3 N=E
w2l o] HF skl 18A1F v Ye ¥ 660nmelA FHEE AN A E
Fig. 9o YetuAoh olwjo] vk =& &% 30C
ﬂ‘ﬂ“ﬁ SR, Bacillus sp. C-4 & 2.0% NaCl FZolA Hu A5

Fom 0~10.0%7HA ZEs W HgdAE A3

0}‘43} THFEANAE Aoes I8 Ado= g B4 A 8He
Ao g AgET,
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0O.D.at
660nm

1.5¢

10 20 25 30 37 50

Temperature (C)

Fig. 7. Effects of temperature on the growth of Bacillus sp.
C-4 after 24hours incubation in PPES-I medium(pH
7, 3% NaCl, 200rpm).
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O.D. at
640nm

Fig. 8. Effects of pH on‘ﬁie growth (')f»'Bacillus sp. C—-4 after
24hours incubation in PPES-II medium(30C, 3% NaCl,
200rpm).
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O.D.at
640nm

Fig. 9. Effects of NaCl on the growth of Bacillus sp. C-4 after
24hours incubation in PPES-I medium(30C, pH 7,
200rpm).
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3.2. Bacillus sp. C-49 B3 A

ol el A¥ A3 Lacillus sp. C-4 = 30C, pH 7.0 2.0% NaCles &= ol A
200rpm o 2 WRkEjEA] 7 =2 AAES EATH meA Ho] HAHxA
stoll X Bacillus sp. C-4 9 A7 JAS doln v, HA oA
Bacillus sp. C-4 & 6A 7 AEY FE71E A T dFESA72 Hos

o}, 20A1t & ] AAste] MAME AA VIR oS A H(TFig. 10).

FI

S o

4. Az 53

DBacillus sp. C-47F Az B AH K5t FHole A4 43 AA
E4E et Fole AxAA FHFRIAE AT AE Table 59
et it} Cell Culture Insert W9l € marina®t Bacillus sp. C-4=
7 %38 positive control welldl M =& maringZy B = AR T, Bacillus
sp. C-4 wjeke  whAle] Alst wixQl PPES-I A Awxvke HEF3
negative control welldl X = & marmmaZt AVE S A F%1 LBacillus sp. C-4
7V 0.2 wn filteroll o3l Chatonella sp.t Z2l® e test welld A=
Chatonella sp. = 2 ZNZTE test well®] cell culture insert W< ujj ool

S #3 DAPI(4", 6-diamidino-2-phenyl-indole) @A & 333 awn] 7 5ol A
H&AS R oY Bacillus sp. C-4 = HAZFA &t Wl Baci/lus sp.
C-4 v Az 545 Ax9a FHlste dxAAEH oz FAy ],

2 = 7} ] ofg] AaAEe o) Rayg FERAFE ZHF AE AFH F
2 e JEFete Axete AF 49 dx 2SS A EvEke] O
ARRE O o3 xRS AERAVE A EHgoes AA vdE &

Atk AHTAYeTE T2 GFAAR] Ovlopragas (Imai et al, 1991,
1993; Mitsutani ez @/, 1992)3 GA| FFA QA Saprospira®s (Sakata et
al, 1991, Sakata and Yasumoto, 1991)%5°] oW, o] AAdEL X7 %
AR ZFo FRLHA HxdAHS VI dxdA B ors FE
T Flavobacterium <5, Alteromonas %53 Pseudomonas % 5 ©|
o] dtH(Fukami er @/, 1992; Mitsutani e @/, 1992; Yoshinaga e
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Fig. 10. Time course on the growth of Bacillus sp. C-4 at
optimum culture conditions(30C, pH 7, 2% NaCl,
200rpm) in PPES-II medium.
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Table 5. Death of C. marina inside Cell Culture Insert by
Bacillus sp. C-4

(A) (B) (C)
Negative Positive
Test well
control well control well
= + +
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al, 1995a). AF7HA Al A B
W OBFATE AATAGe] B
R

Y L
ol &ate Al
=

t}.(Ishio e @/, 1989; Imai e @/, 1991, 1993, 1995; Mitsutani es @/, 1992,
1993; Yoshinaga er @/, 1995a; Kim ez @/, 1998).

5 Azxa
5. 1. Pacillus sp. C-4 & AZ Ao & Ax3 3

Bacillus sp. C-42] AxddAe w2 Axdds& dolrr] 93}
Bacillus sp. C-4% PPES-II dAuX o HFshol HZ ZgolA <A A
roviekslEA T 4 Azxads Agsid. =, U
o] =& C maring MFN(12 x 10° cells/ml) 100meo] PPES-II o A ul] = of
A 3N rA o7 36X 7AWl 3k Bacillus sp. C-4 WGA S 7 1md
A HEsho] 4841 7F v oF & S XAV Y. Bacillus sp. C-49] A
d dAd e Axge dFEsAY] 27, sS40 BAA, =
7] o B2 A UerGE. 57 2719 Baciilus sp. C-4+= C marina
5 99% AxAAH O o2yl A7) =784%, AA 71 & 60% Az
S BAAN fFEI|wolE10%0l8ke] xS ®IthFig. 11). F,

=

714 dx =25 A4,

5. 2. Bacillus sp. C-49 ¥ & Axay

£/2-Si WA A WEAZ WEFAINS C marina WEA0T x 107
cells/ml)ol  Bacillus sp. C-42 %7] AFLE7F 10* cells/m 3} 10° cells/ml
o] =& HFA C maring BEMNAST A}E S 234 E Fig. 129



[Sv]

et e 27 Ald 9=
B O omaring® AESFTVY B
10° cells/mt ©)3 2 7239

s

AFRY 748 A

b 107 cells/mlo] =HE& HFg oF 184 7F
A5 graet7] Al Aeto] 48A17F Fol= 0.3 x
om, 10° cells/m7t HE2 HEF A HE

ast7] A FER] 30417 Foll 0.2 x 10" cells/

<
’
K
T

ml °]tE F Ay, Bacillus sp. C-4 & HF3A &1 {/2-Si
WA TS Yol O marmat 48A 3 Foll 1.2 x 10° cells/mb7HA] 521819
=3

o] ¢} FAE A += Fukami er aA1992)°] Gymnodinium mikimotor = %
28 7)o AAd Gl B2 & nmukimotors FFA I = Flavobacterium
sp. DN-3(&xQ1xt #u8 #F)7F Avk. °o dF= & mikinotoir E V)
¥l EOC(extracellular organic carbon)@ A &3sled 103cells/ml 7FA] ZF=21 319
o, HAZERF wWFE FIIwA A= FA kA Xek AR vl 2[R £
Hj g Mo A = FA o] Zhsstthal RalE Ak 2y, Gviophaga sp.v= 7
iAol M = F o] 75 dlthyE W a(lmai ef «/, 1993; Mitsutani e @/,
1992)% Slof Tt Fol weh A, A7 HE 2102 AR d

5.3. Bacillus sp. C-4 WG 3gb Fo w2 Ax g3

Bacillus sp. C-47F sk 49 FZo wWE HxsgHsE XA
93te], PPES-I A wiA oA NFEF2A7 7219 Lacillus sp. C-4=
8,000 rpmel A HAEET F AdFdS Hshod BEH 0.2 yum=E o 43}
FEE 2t C marina07 < 107 cells/m)olE7tE ¥ et HzxF
P& Fig. 13°] YeEFU AT o] Wl controloll &= {/2-Si WA E #H 7}sF ot w)
Fod s Hrb & 18AZ T C. mama®l WA S controlel M]S|
10% o A &= 88%7F AFE = Ao, 5%l &= 82%7F, 1%l A+ 74%7F A&
= Ao,
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—m— Growth step.of Bcacillus sp. C-4 —e—Alicidal activity

Fig. 11. Algicidal activity Bacillus sp. C-4 against C. marina
by growth step of Bacillus sp. C—4.
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C.marina |
(X10%cells/ml)
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Fig. 12. Algicidal activity Bacillus sp. C-4 against C. marina by
different cell densities(with centrifuge) of Bacillus sp. C—4.
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Fig. 13. Algicidal activity Bacillus sp. C-4 against C. marina by
culture filtrate at different volumes of Bacillus sp. C—4.
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Fig. 14. Algicidal process by cells of Bacillus sp. C-4 against C.
marina. (A) Control, (B)After 1hr, (C)After 2hr, (D)After 3hr,
(E)After 6hr, (F)After 12hr.
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Fig. 15. Algicidal process by culture filtrate of Bacillus sp. C—-4 against
C. marina. (A) Control, (B)After 1lhr, (C)After 2hr, (D)After
3hr, (E)After 6hr, (F)After 12hr
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Fig.16. The heat stability of the first culture filtrate
Bacillus sp. C-4 at different volumes on the growth of C. marina.
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Fig. 17. pH Stability of <cell-fre culture broth of
Bacillus sp. C-4. The algicidal activity indicates lysed C. marina
after 48 hours of treatment.
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