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Abstract

BACKGROUND: The aim of this study was to isolate and
identify algicidal bacterium that tends to kill the toxic
dinoflagellate Alexandrium catenella, and to determine the
algicidal activity.

METHODS AND RESULTS: Among of four algicidal
bacteria isolated in this study, NH-12 isolate was the stro-
ngest algicidal activity against 4. catenella. NH-12 isolate
was identified on the basis of biochemical characteristics
and analysis of 16S rRNA gene sequences. The isolate
showed 97.67% homology with Pseudoalteromonas prydzensis
ACAM 620" (U85855), and was designated Pseudoalte-
romonas sp. NH-12. The optimal culture conditions of this
isolate were 25°C, initial pH 8.0, and 3.0% (w/v) NaCl
concentration. The algicidal activity of NH-12 was signi-
ficantly increased to maximum value in the late of loga-
rithmic phase of bacterial culture. As a result of ‘cell culture
insert” experiment, NH-12 is assumed to produce secondary
metabolites, as an indirect attacker. When 10% culture
filtrate of NH-12 was applied to 4. catenella, over 99% of
algal cells were destroyed within 24 h. In addition, the
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killing effects were increased in dose and time dependent
manners.

CONCLUSION(S): Taken together, our results suggest that
Pseudoalteromonas sp. NH-12 could be a candidate for
controlling of toxic algal blooms.

Key Words: Alexandrium catenella, Algicidal activity,
Pseudoalteromonas, Red tide
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(Kim et al, 2006), AFZME> 55 9 AR w3 Al
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I Stk 1980Wdth7HA=  Chaetoceros, Skeletonema,
Thalassiosira 2 Nitzschia % 52 Z5F7F 2 994
Zollovy 1981d%Y  Alexandrium, Cochlodinium,
Gymnodinium 2 Heterosigma % &2 HEZ7F7} T2
Az AJAEZ Jepta QItHKim et al, 1997). 53]
54 HERQ Alexandrium 42 7 AAF SR 3099
o] Bayal Qlan, dF T2 54 vEAN et ow
AL 2009%9] AAA  E2A(neurotoxing)E  AJAEHE
Alexandrium %2 HF5%°%% A tamarense A.
catenella ¥ A. minutum 5°] 4HA 1, o5 Tyt
M= AWt} o4t A. tamarense®t A. catenella
S0l Fdshs 0% HyEI QtHKim, 1995; Kim and
Kim, 2004; Lee et al, 2006). 3] A. catenellac
1927'd San Francisco oA diibdste] 6go] =it
1027g0] Wel A& ARl YlFo s wajxion, w3t 1
Alo] A. catenella’} *87eh= mHIA) ) 5(PSP; Paralytic
shellfish poisoning)$l°] Hi/(Sommer and Meyer, 1937)
HAk o] A. catenella= EWHO] U] XSt Qe
AOZ dHA glo, Htolle Wil Holzelsl Ad
(Cordova and Muller, 2002) A% Z=dste] A4
7V i Folth A catenella’} A= vhAd glE
saxitoxin?} gonyautoxin % 1 FEAES Eehs A
A A ZAM(Kamikawa et al, 2007), Ho|dd }7gofA]
FEE] T o A 2 AEAA Tl Azt Fs
= 71X Sl

Azo] vellE Haskeb] fle A= A B Al
A e dgtow FHe Y dE e vl AE o]
2ot AESH "wAle] digt A7 Es] JgE vk
(Yoshinaga et al, 1998; Park et al, 1998, Kim et
al, 1999; Jeong et al, 2003; Wang et al, 2005). L
el o7k AxE @A ow WRlshs e T
n sk Aol f-EjubetellA = 90 $RHH SIE A
IS AAE 2ar Qlrk AQAelA AEEE SFEVF &
el vlal 3 zstAlolhE As T8 ARH(KIim et
al, 2006)ataL AANL, SEe] oJ%k 22} @9 I AR
AR CE A7E L ok Az gsfiE 2017] faixe= st
T A2 AL FFoluy 7HrE] e AdE Bt 3
F3pA 07 whzo] Fodoksle] Als Fol= Aol FEAQl
glA=o] AAuL, o] gt whfjsh u]g-3} Alfto] @ EE |
Aojrt. ool HZell= Az A ool EAfsh= sy
ES o]gst Wio] By} kst A sARl Az A
offlo® QIAEo] W At &I Qlr} T3 ATt
2 Ry HzAAE oist AxrdEe] ATl 9lojA A.
tamarenseS A|°1R= v|AE(Su ef al, 2007a, 2011;
Wang et al, 2012)°] tfst A7 Hlw4 wo] A7)
Ou, A catenellaz Aloldh= vA=el tidt 9= A Al
ARz E vjxg Aol

olof & AFeME dlFEA AN Mt e s
AES o] &3t Aol Px= e Hastow o

A A ZABEQl A, catenella®] H3E A%
a5 v Az FAC did 7% JdF ARE vk

o -

AZEF A HEnl8=Ee| 22

8% sampling 25 $elUeels 4z wgo] 714
HIAE 3o F9] ahel mprlRto R, o] Ao Fih Al
7b st WiE deo] Ed URto g delioleA
o] 7P U A9 T shelth. 53] F5(Pudo) 7=
WS Mg A4Sk a7t dH s A9 Rtk
5790l AstaL, iz 952 P mAETe} sEERaE
9] WE7L & AdojthKwak ef al, 2001). ¥ A el|A]
a5 AlEs 20101 49 vRbe] F S sjele) Az
s el A 2385 Niskin 1F3 #5710 MB #5
715 olgstol FHE(180 T oA 2417 119 Hih)ow F
HAHOZ Ao, rE A|EE ice-boxel Hiso]
3AIZE ool AR & Agskolth dxres
a1 Slel s AlRE ARSI OR 34sto] PPES-1I
(yeast extract 1 g, proteose peptone 1 g, polypeptone
2 g, soytone 1 g, 0.1% ferric citrate 10 mL, seawater
1 L, initial pH 7.6) ¥|*|(Taga, 1968)°l A= o=
Eete] 20C oA 747 ik 5, FE 584 FH
colonyE K7 AHate] it glglth ol HeldTE
o] A. catenella®| tst F-s(algicidal activity)s %o}
1Y) S8l £/2-Si #iAE 23t 24 well microplateol] A
wjoFst A, catenella WI%FH(8.0 X 10° cells/mL) 0.9
mLAS 77b ¥Fata, PPES-T1 alux|ell A dul et
Reltrge] We(10-10" cells/mL) 100 wLE AHE

So] M-S ML FFEL AP

A. catenella| Tt Y

2 AFAA AMESE A catenellas Su| MR8 O
FEHE FgtoH, 4719 oo R 5 skl
T vjFRAS 2% 20T, initial pH 82, 3= 70
Em?s’, #F7] 12L:12D9) A% {/2-Si (Guillard
and Ryther, 1962) ui#[ellA Altf wikabs A8tk
A. catenellas 5% T FlHaxenic culture or
bacteria-free culture) ‘¥R t5¥ 2Tk Droop (1967),
Fontana$} Haug (1982), Cottrell?} Suttle (1993) ¥
Su 5(2007b)8] WMHS 8351y A. catenellaE Tl
oF 3Lt &, AT O R A vkt A. catenella ME
55 lRElstel JAska Hate AlAdet £/2-SivfAE 31
HEE =418 2, lysozyme (0.5 mg/mL, 20C, 10 min)¥}
Sodium Dodecyl Sulfate (SDS, 0.25%, 20C, 10 min)
E AR A7k $ A9 20w 23] A wjksisl




T/ SPAEF Alexandrium catenella®| gt Pseudoalteromonas sp. NH-12¢] 235 177

t} o] & antibiotic complex (gentamycin, streptomycin,
cephalothin: each 100 ug/mL)el =FAA 3ARE A&
ajeksto] Altat 3ol 5& AAT §, vl FAYAE 7t
SPA] o2 A= £/2-Si iAol 33 AT wigegiek o]
o 22 22 3] bEse] A2 o dTE S A4
Hell oaf ofefje] ofe] 744 Al 24 mdEe] HEH
A ke A A § e Aol ARSItk et At
ol nutrient agar, PPES-1I, ST agar (9% &%
FUHATE), YM agar (Yeast§), PDA (3°3°]|8)E At
goplth. ARESE wiA1 9] 242 the¥} 2k nutrient agar
(peptone 5 g, meat extract 3 g, NaCl 3 g, agar 15 g,
distilled water 1 L, initial pH 7.0), ST agar
(tripticase peptone 0.5 g, yeast extract 0.05 g, agar
12 g, seawater 1 L), YM agar (glucose 10 g, peptone
5 g, yeast extract 3 g, malt extract 3 g, agar 20 g
distilled water 1 L, initial pH 6.2), PDA agar (potato
200 g, glucose 20 g, agar 20 g, distilled water 1 L,
initial pH 5.6).

sk A e A5 T 7P Axso] 9e NH-12
2] EFeH] AXE HESY] flsle] MacFaddin (1980)¥
Gerhardt ‘5(1981)2] W& arsto] e 9 njekels] 54
< detetal, e gl Asiels 5492 API 20NESH API ZYM
A 1 A
= apiweb™ database (http:/ /apiweb.biomerieux.com)Z
Fsto] 124 0% 73] fAMdS HESI £ level 7H4]
gotoint. Bk Wt gest w85 918kl 165 IRNA gene
ol g%t A7IMYE A4S FaIStHDunbar et al, 2000).
Wy NH-12 #55 PPESII wiAelA] 1841k ikt
AccuPrepTM Genomic DNA extraction kit (Bioneer)
£ 28311 total genomic DNAE F%310] template® A}
G313tk 165 rRNA f3Ake] S5l o] 8% primer’dS
27F (5-AGAGTTTGATCMTGGCTCAG-3)%} 1492R (5'-
GTGGATCCGGYTACCTTGTTACGACTT-3")& ARMH313
t}. o]uff forward primer?| 5'¢lli= AgEs FcoR1S Q14
915, reverse primer?] 5'¢lli= BamHI®| Q1214915
781tk PCR HHe-2 AccuPower PCR Premix (Bioneer)
£ ARE-3t] Minicycler (M] Research, USA)=E A5kt
HA] 94°CoflA] 53 WAL F, 94°CellA] 137, 61°CellA]
13, 72°CollA 1324 303] Wdle] DNAS S%A1711, vt
Zako g 727 C oA 587t extensionr]#] PCR HH3-S E£Z4A
7tk gAlE 165 rRNA gene?] PCR WH-ES pGEM-T
vector (Promega)®l ligationA|A RE3E< 2] 4] 200
uLe] Escherichia coli XL1-blue A0 A A|7]
% alkaline lysis =5=22] %'H(Sambrook et al, 1989) 0%
plasmid& mini-prepat3itt. ©|9} o] 165 rRNA gene
S St 971X9e ZA$ ¥, National Center for
Biotechnology Information (NCBI)®] GenBank H|o]E]#|o]

kits (Biomerieux, France)E ©]&35

o

dob 2 o ot

ru ~

2(http:/ / www.ncbi.nlm.nih.gov/blast/) ¥ Ribosomal
Database Project (http:/ /rdp.cme.msu.edu)elX 7F 7
ol = et 97IMEE vasigler], MEGA 5
package (Tamura et al, 2011)E ©]&3fo] AEEE A4

stk

AZX0|ME NH-12 2| YECHE 4xs

AzmPE] A T Axes dotrr] Sl
NH-12 #5% PPES-II Ao HFste] #HA =4
(25°C, initial pH 8.0, 3.0% NaCl)llx] 39417+ wljeFata
A o] FAe] e AxEs ARG & desArIE
wlekst A. catenella W2%FH(8.0 x 10° cells/mL) 0.9 mL
of 2 ZAelA gkt NH-12 +# vl 7 3217t
HASE 01 mLY AFste] 48413 i - HAxss x
ARGt o] W controlelli= - Wik Al FEE
PPESI WiAE Yo FRth e A. catenella®l A
TEHE FeAn]Astela wEste] 48431 $of Aolol=
A. catenella M3¥55 countingdh= bioassay ¥ 0% 5%
silom vt ol F81eltk Algicidal activity (%) =
{1 — (NEE 718t test tubel] M XS/ control®] AlE
<) X 100}.

A. catenelladl| thet A= |3

AZUAE NH-12 #4592 A. catenella®] tjst Az
T3& Ak flste] 24 well microplate®] pore size
0.2 uL9] cell culture insert (FALCON, USA)E Al3l3t
270 HAIE o] 433iT) Cell culture insert Ul £/2-Si
HiX| oA Aulekst A catenella MIFN(8.0 x 10° cells/mL)
1 mLE Y1, cell culture insert £]%F-ol= £/2-Si #j#] 1
mLE 93tk PPES-1I A= o4 wljekste] Ailte]
(3,000xg, 10 min)3F NH-122] #4|(10*cells) & Bital+=2
3413} cell culture insert £J4%-9] 1 mLE ¥ A2 test
wellZ 351t o]u cell culture insert Ul5-o NH-12
T 7AE 7Kt wellS positive controlZ 3}912H,
cell culture insert Ul NH-12 #9 #AE H7sk=
thlell PPES-1T RAluiARE 3718t well negative control
Z 319t BE well& A. catenellall HZA wloFzAo)A
Hjokato] 48417 Fof] A% {5 AEsl] Ax FES A
a3t mAE 29 oJ%+= cell culture insert W5-2] wiek
NS 3] DAPI (4,6-diamidino-2-phenylindole) (Sigma)
A (Porter and Freig, 1980)%, 34du]7(Olympus
BX40, Japan)stolA 24 #sioict

oF Bl HIt S=E M=ES

NH-12 #57}F Aok dxade] s
oo Gobiy] 98, o5 wFei Tl o] Hrh wkeel e A
Z5& ARSIt WA PPES-II fApixef HHz2
(25C, pH 8.0, NaCl 3.0%)°% wjdt tj=547] F7
@7A1ZF wieh o] NH-12 2] wieFels 24+21(3,000x g

Az

o

lofr
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10 min)3}e] “59& 0.2 uL pore size®] polycarbonate
membrane filterZ 1H3}A T A. catenella WFHN(8.0 x
10° cells/mL)ol ¢ wjoyoiztel s 742} 1, 3, 5 9 10%7}
T AE 3 20C oA wieksh wf 6A7 A
S8ttty WS HrkebA ok A% wjekst A
controlZ 3F1oH, o] W] controloll= Hjokojbel thal
Fako] AXSH PPES-1T AAIA S H7slglom, 33
APE Fato] AAE SISt
da ¥ o
AxnMEe 22 ¥ 3
npakgke] A sfole) SRR AE U colony
A FelE 7 38709 s Tt e Holem, 1
74219] colonyE PPES-II bAoA &=ite], wjoks
o] A. catenella®| W3t AZ5S ZAFEI 4% AxnA
o] 2HsIth 11 F 7HE Hold AxeS ol NH-12
s AAste] wiekerA, duieks 54 W OAPI kits
(API 20NES} ZYM)E ©]&% Aglehs] 54& FAlslo]

Ao EFEA fAMdS AESSIH NH-12 5=
I8, 579 MEE Ve e E UYAEASE FAEH
99%al, PPES-IL agarold 12 &4 colonys @73t
Stk &3t catalase GO = starch®} caseins 713l
SF310H, nitrates %> SISITh HA A0 25C,
pH 8.0, 3.0% NaCl x3loH, 4C o|3ts} 37°C o) 4l
11.0% (w/v) ©1’¢€] NaCl skelx= S48k 3 soich
T3t D-Glucose, D-Maltose, Melibiose ¥ Pyruvates
T8 a9 2 oux| o o] gt Table 1). ©1%
ol Ay} B #FE Pseudoalteromonas 43 7V¥ A
gom, B}y Yt 54 95t 16S rRNA gene 971
MA(1L,409 bp)S 43, NCBI GenBank$ RDP
(Ribosomal Database Project)ell 55% Pseudoalter-
omonas % A5 AR HEds ZARISITE 1 A3,
Pseudoalteromonas  prydzensis ACAM 620" (U85855)
9l Pseudoalteromonas mariniglutinosa KMM  3635"
(AJ507152) 9 Z¥zt 97.67% W 97.45%°] 7V =& A
598 YUEMIO(Fig. 1), & A=xuAES Pseudoaltero-
monas sp. NH-12% 7ato] o]5-2] Agls sl

Table 1. Morphological, physiological, and biochemical characteristics of isolate NH-12 by conventional test, API

20NE and API ZYM tests

Tests Results Tests Results

Colony color (I; ilep¥)%é?;vn Utilization of
surface Smooth D-Glucose +
elevation Convex D-Galactose -
Cell form Rod Glycerol -
Cell size 0.7-1.8 um D-Maltose +
Motility + (polar flagella) D-Lactose -
Endospore formation - Melibiose +
Gram stain - D-Sucrose -
Catalase + Trehalose -
Growth at: Sorbitol -
Temperature 10-30C D-Mannitol -
pH 6.0-9.0 Alginate -
NaCl 0-10.0% Acetate -
Optimal growth at: Citrate -
Temperature 25C N-Acetylglucosamine -
pH 8.0 Succinate -
NaCl 3.0% Pyruvate +
Hydrolysis of Xylose -
Starch D-Mannose -
Casein + D-Fructose -
Reduction of nitrates - D-Arabinose -
Production of L-Arginine -

Chitinase -

D-Glucosamine -
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Amylase
Alginase
Agarase -
Caseinase +
DNase +

D-Gluconate

+, Positive result or growth; -, Negative result or no growth.
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P jssachenkoni KMM 35497 (AF316144)

P tetraodonis TAM 141607 (AF214730)
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4 P. nigrifaciens NCIMB 86147 (X82146)

P. undinz NCIMB 21287 (X82140)

P atlantica TAM 129277 (X32134)

L £ agarivorans KMM 2557 (AJ417594)
P. paragorgicols KMM 35487 (AY040229)

P. arctica LMG 237537 (DQ787199)

S
T3 2

transiucics KMM 5207 (AY040230)

100 [

ag

0.0

73 — P. mariniglutinoss KMM 36357 (AJ507251)
|

P. espgjiiana NCIMB 21277 (X82143)

P. aliena KMM 35627 (AV387358)

P antarctica CECT 46647 (X98336)

|— P donghaensis LIMG 244697 (F1754319)

P carrageenovors ATCC 126627 (X821386)

P. marina DSM 175877 (AY563031)

£ lipolytica JCM 159037 (FJ404721)

Pseudoalteromonas sp. NH-12

P prydzensis ACAM 6207 [U85855)

Fig. 1. Phylogenetic tree based on comparison of the 165 rRNA gene sequence indicating the position of
isolate NH-12. The phylogenetic tree was generated using the neighbor-joining method. Bootstrap values,
expressed as percentages of 1,000 replications, are given at branching points. Bar shows one nucleotide

substitution per 1,000 nucleotides.

AT B A kel s el TRk T Az
nAEEe] Gl St 1 gl sfierell Eele sk
A vzl ARl X AEER S Brachybacterium
E(Kim et al, 2009), Vibrio <{Wang et al, 2012), Grtophaga
Z(Imai et al, 1993; Doucette et al, 1999), Micrococcus
%(Jeong et al, 2000), Saprospira %(Sakata et al, 1991),
Flavobacterium %(Yoshinaga et al, 1995), Alteromonas
#(Imai et al, 1995) ¥ Pseudoalteromonas <i(Lovejoy
et al, 1998; Lee et al, 2000; Skerratt et al, 2002; Su et
al, 2007a, 2011; Wang et al, 2012) 5°] 9lom, Axn]|

AL F 7P S48 dudd &2
W} 2 Pseudoalteromonas 403 H.11%| 11 QItHLovejoy
et al, 1998; Yoshinaga et al, 1998; Lee et al, 2000).

2 ATelA Ret &

Pseudoalteromonas sp. NH-122| M&THE xS
Pseudoalteromonas sp. NH-12% 6A17Fe] f%7]&

ok 30AI7F el A 712 Ao

= A= (growth curve)s RSlEH|, Aol e

AA Hr47]

Aree v A A3 g

271 F71,

Joll Helgar

ToF

Azgo

71§71, A7, des

| w0 Yerdekrig. 2).
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= FEZI(6A17F vieholl= A. catenella®] T3t Az50]
18% olst= WA yepskon, tie5217] 571(15-18A17F vl
BE AAEA xS0l §A8] Tk Aldete] i
7] $71(24-30 A7+ vkl Hazel &2} 98-100%5 22
Row, AA7|el% 94% ol de] Axs& HeEPNUTHFig. 2).
B Ae f0le A S8l AxEdT 3 244k}
e 79 AR kot A7) F7) ol felle Atk
=& AFAH 0w A, Elsk] AlkEke] tigEa7] $714
AzxEdo] 71 wo] FAHE AoR guyd, AA)7]dw
o] wA3] FAsHA o 0% Kol wdE uljgkls:
o FA=o] ol AxEAL gA FallEA o, JF v
7ol B B el sl JYEAE Aol SEAE =
ZAo7 okec) wok NH-12& A2AE9 A, catenella’}
HA] Zof] EAjehA] Sk wAEREY] ek AR = A
ZEAS PRIth= 21s & 7 3lslem, A catenelladl Al
EE QIS NH-127}F AxEAS #0E 7S w2

2 . r 100
[ -

18 — AT 9%
(o -

16 80
E il S

14 70
2 £
o 12 60z
-

-

® 1 t 50 49
- —
2 s F S
N =
O s 3 @
=
0.4 F2 =

0.2 H b 1o

0 h‘.’_“ﬂ‘ﬂ‘ L 0
0 3 6 9

12 15 18 21 24 27 30 33 36 39

Incubation time (h)

‘ Algicidal Activity (%) —Growth curve ‘

Fig. 2. Growth curve of Pseudoalteromonas sp. NH-12
at optimal culture conditions (257, initial pH 8.0, 3.0%
(w/v) NaCl) and algicidal activity of Pseudoalteromonas
sp. NH-12 against Alexandrium catenella. The algicidal
activity indicates the percent of dead A. cafenella after
48 h of treatment.

A. catenelld| T2t &= 7Y
Pseudoalteromonas sp. NH-127} A. catenella® 2|75

[*]

Faste] Fole ARTAFJAA AL EAS w|sto]
ol ARRIAL B RIAE 2AFSE A= Table 29}
2t} Cell culture insert Yol A. catenella®} NH-12
£ A HES & positive control wellollX&= A
catenella?} AFAEGARE, Azo|AE tjale] nAE B
?l PPES-II HAAE #F3eh negative control well
M= A catenella7} APEEA] 99kt NH-12= 02 um
filteroll SJ3ll A. catenella®} Z2)d *JEIQ test wellA%=
A. catenellas ZAFTE olu cell culture insert W52
Hjeyels #sl, DAPI (4, 6-diamidino-2-phenylindole)
ato] FFdv|gatels #Eatal, PPESL wiAel
tol wjekstloyy, Pseudoalteromonas sp. NH-12
4] okt whebA] NH-12+ A2E4E A=
= AERIAL B ow gRlE it

AT/ o] A7akzel 3l Hie Axv|e 4
2= Azl AR F2 e HFefe] Azl AR ¥
& AxEAS AL ekl 23k diabEel gE A
AES AZXAPT)E A2 R o2 IA v = vt
(Yoshinaga et al, 1997, Lovejoy et al, 1998; Doucette,
et. al, 1999). A3 ¥AFoEE T2 DA Grtophaga
%(Imai et al, 1993)%} Saprospira %(Sakata et al,
1991) 5ol 9loH, o] nAEES TFF 9 epARFel F
HAEHA A25S /v Rusa ok Abxelx}l 1]

Yo% TR Brachybacterium <, Flavobacterium <,

o

0

2
e

Ol

S ol [ S
o
i

=
ofr
-1

1-)7 N

Alteromonas %;, Micrococcus %, Pseudomonas < 4
Pseudoalteromonas % -5°] Hi1¥ 3l 3ITHYoshinaga et
al, 1995; Jeong et al, 2000; Lee et al, 2000; Mitsutani
et al, 2001; Skerratt et al, 2002; Mayali and Azam,
2004; Su et al, 2007a, 2011; Kim ef al, 2009). A+
7HA] ool dele AxnEEe] Ax §3S AR
W A A 3430 Wty v-ProteobacteriatT
=T A &8s ndES AERIA EH)E o]
B Ade ®olow, ‘AR 3AF S Ax Solio] wa,
AR EHFe Az Soldo] wE AYS HIT
(Mitsutani et al, 2001; Yoshinaga et al, 1997, 1998;
Lovejoy et al, 1998; Park et al, 1998; Jeong et al,
2000, 2003; Mayali and Azam, 2004; Kim et al, 2009).

Table 2. Determination of algicidal type against Alexandrium catenella using cell culture insert by Pseudoalteromonas

sp. NH-12

Negative
control well

Positive
control well

Test well

+

Initial cell densities of Pseudoalteromonas sp. NH-12 were 10* cells/mL.
Negative control well; A. catenella and fresh PPES-II medium inside.
Positive control well; A. catenella and Pseudoalteromonas sp. NH-12 inside.
Test well; A. catenella inside and Pseudoalteromonas sp. NH-12 outside.

+; A. catenella cells inside cell culture insert were killed within 48 h.

- A. catenella cells inside cell culture insert were not killed within 48 h.
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Fig. 3. Micrographs of algicidal process by the culture
medium of Pseudoalteromonas sp. NH-12 against Alexa-
ndrium catenella. (A) Live cell of A. catenella and A.
catenella’s cell stop swimming at first (after 1 h trea-
tment), (B) Cell ecdysis of A. catenella (after 3 h), (C)
Formation of swollen and round cells (after 6 h), (D)
Disrupted cell and release of cellular components (after
18 h). Bar = 30 ¢m.
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Fig. 4. Algicidal activity of the culture filtrate of
Pseudoalteromonas sp. NH-12 against Alexandrium
catenella at various concentrations (4, control; H,
1%; A, 3%; %, 5%; @, 10%). Control: same volumes
of fresh PPES-II medium were added. Data are
expressed as the meantstandard deviation from triplicate
assays.
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