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Abstract 100% of algal cells were destroyed within 30 h. In addition,
the algicidal activities were increased in dose and time

BACKGROUND: The aim of this study was to isolate and dependent manners. The pure algicide was isolated from the

identify algicidal bacterium that tends to kill the toxic ethyl acetate extract of the culture filtrate of NH-3 by using

dinoflagellate Alexandrium catenella, and to determine the silica gel column chromatography and high performance

algicidal activity and algicidal range of algicide. liquid chromatography (HPLC). We investigated the

METHODS AND RESULTS: Among of algicidal bacteria algicidal activity of this algicide on the growth of harmful

isolated in this study, NH-3 isolate was the strongest algal bloom (HAB) species, including A. catenella. As a

algicidal activity against A. catenella. NH-3 isolate was result, it showed algicidal activity against several HAB

identified on the basis of biochemical characteristics and species at a concentration of 100 pg/mL and had a relatively

analysis of 16S rRNA gene sequences. The NH-3 isolate wide host range.

showed over 99% homology with Arthrobacter oxydans, CONCLUSION: Taken together, our results suggest that

and was designated as Arthrobacter sp. NH-3. The optimal Arthrobacter sp. NH-3 and its algicide could be a candidate

culture conditions were 25°C, initial pH 7.0, and 2.0% (W/v) for controlling of toxic and harmful algal blooms.

NaCl concentration. The algicidal activity of Arthrobacter

sp. NH-3 was significantly increased to maximum value in Key words: Alexandrium catenella, Algicidal activity,

the late of logarithmic phase. Arthrobacter sp. NH-3 Algif:ide, Arthrobacter sp. NH-3, Harmful algal bloom

showed algicidal activity through indirect attack, which Species

excreted active substance into the culture filtrate. When

10% culture filtrate of NH-3 was applied to A. catenella,

M E
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= TolM Alexandrium & AZAEETE0] FAZO=E
2734 FAE(neurotoxins)S AAFSE, olHet HAE
(toxins)& 28k o7& HAS HFY=FH HAo] Q1
LeAAZA Azt JelE 71-tKMay et al, 2010;
Anderson et al, 2012). 53| Alexandrium catenella:=
paralytic shellfish poisoning (PSP)< oF7|A7]:= 2 €
S1Fo|tKGlibert e al, 2005). ©|&3t o]F2 A AAF <.
2 B AFAE0] A. catenella®] W B2 AFE kL
S)tKBravo ef al, 2008; Toulza ef al, 2010). =7 ¢HH
L 7“2‘{] Alexandrium %2 7 AAZ 0Z 3001% Ol Ry
om, Fol weh 548 Aol QAN st o & frAL
3} 200%2"] 2F 545 Aasitt 53] A. catenella’t Ay
Zkeh= mhA] 9 55(PSP)< saxitoxin (STX) ¥ gonyautoxin
(GTX) ¥ I FEAES E¥shs A 5454 Hold
A oA sFE T F A B AEAA
T Az FlE 71Aa g r4—(Karnikawa et al, 2007).
}:_.,1 o]-oﬂ/q Ezsqo = x—]zz\ DZ:_Q 34_.‘ 0]7\1—0] B
Har gl Aist 75k 1981%1%751 Alexandrium,
Cochlodinium, Gymnodinium % Heterosigma % 52| £}
ARZF7E Fevete] 2 Ax A== st vt
(Kim, 1997). Alexandrium 42| F552°2+ A z‘amarense
A. catenella 3 A. minutum 5°] €24 911, o|F
vt A= Zslwal ot A tamaremeﬂ A
catenella 50| &= Z102 RuHI tKim, 1995;
Kim and Kim, 2004; Lee et al, 2006).

HE Az alls Haskelr] 913 A2 E] 1A B
AlA el gk A=A g YES o8k s
21 AESHA WA W] gk A Dks] FFE L gl
THImai et al, 1993; Yoshinaga et al, 1995, 1997, 1998;
Lovejoy et al, 1998; Park et al, 1998; Kim et al, 1999;
Jeong et al, 2000, 2003; Mitsutani et al, 2001; Wang ef
al, 2005; Kim et al, 2009; Jeoung et al, 2012). 12} A=
7HA Bt AzAwe] gt A g2 Akl JlojA A
tamarensez Aolshs mAEC tigt A (Wang e al,
2005, 2012; Su ef al, 2007a, 2011)= 22 A7AF=¢ 93
HET Qo A catenellas AoJsh= vA8E] tist o
TJeoung et al, 2012)= 7 AAIXOZE n|zIst A4olct

oo & dATrollM= fElvhel AtelA Az 9wl
P5s doA TAANHIL Qe 54 ARYEA A
catenella®l Hist Axn|AES T, s, Tt
ks Axade e, AAlste] dxea AxHels =
Ao mM SAZIEA Az AN T 7|2 ARE Al
FstaAt gk

Mz X 2E

ANEMF R MHZEO0/ME 22
3% sampling A4t 27 ek gldow mEs|S
Niskin /|&8 #5712 MB #5715 o]g3te] Frgow

mlru

F(180T oA 22417 11 ) F oz Agsialon, A4
H A== ice-boxol] Basle] 347 o] AR &
Al & Addel AHE AxmAES Eelshr] 9
a, sl AlEE ARSI oR B4sto] 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) #1%|(Taga, 1968)°l BH=2H o2 TEs
o] 20C ol 7907) Wk ¥, @4 E44el Fele] colony
g BT Adsel ek an olF #eRFEe A
catenella®] T3t A3-s(algicidal activity)= @otH7] 9]
3l £/2-Si (Guillard and Ryther, 1962) WA & ¥ 24
well microplate] |3t A. catenella ¥1%F9)(8.0 X 10°
cells/mL) 0.9 mLA 24z} ®=3)31, PPES-1T HAj|uj=]
oA Aufekst He]dFEe] ujokal(10*-10* cells/mL) 100
pLE HFot] Axes /M dFES stk

A. catenella®l Rz WY
H ATelA AR AL catenella= SR A T30
HE Behsron, a7 g o = Zeskl
I kR dfi = 20°C, initial pH 8.2, ¥ 70 pEm’s”,
F57] 12 L12 DO A0 £/2-6i WA A] Al wlst
o A3 }ﬁ\’/}. A. catenellas w72 Wi ek
(axenic culture or bacteria-free culture)sh= W< s
3} 2tk Droop (1967), Fontana$} Haug (1982), Cottrell
3} Suttle (1993), Su 5(2007b) % Jeoung 5(2012)°] 1
& S83l A catenellas ok SISitE =, $HAIE4
Moz A kst A catenella MEES AAEEl8t] A4
ofal Here A /2SR 3R RHEg A
lysozyme (0.5 mg/mL, 20°C, 10 min)¥} sodium dodecyl
sulfate (SDS, 0.25%, 20C, 10 min)Z =X t2 H715k 3
3719 20% 33 A wigssic
complex (gentamycin, streptomycin, cephalothin: each
100 pg/mL)°ﬂ wEAIA BARE A wikete] Al 5%
o] = ANE ¥, Al FAE H7keA ok AR
f/2-81 Hﬁxl ol 33 At) wjgsint ole A2 22
3] WHEslo] A St WS T ARl el ol e
ofg] 74| wiAlellM 29 midEe] HEEHA o Ae 2l
g 5 B Ade ARgsilth Fat HAMelE nutrient
agar, PPES-1I, ST agar (A%, 5% At8), YM
agar (Yeast-§), PDA (%3°]8)E AH&-allth A3 wi~]
o] 24 57 2tk nutrient agar (peptone 5 g, meat
extract 3 g, NaCl 3 g, agar 15 g, distilled water 1 L,
initial pH 7.0), ST
yeast extract 0.05 g, agar 12 g, seawater 1 L), YM agar

o] 3 antibiotic

agar (tripticase peptone 0.5 g,

(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).
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et Az dEe] Ju 9 wjeery 545 AR
98, FelFFES PPES-1 agarol =3t} 20C oA 48
AIZFERE preculturer?! ¥, 2413k 5 PPES-1I broth
720 mL 8 100 mL A2 Skl iFste] 25C,
200 rpmO.% 243 wjekeloith B AP tirgA7]9]
TT5 AHE3I%13L, gram staining> 3281317 (Zeiss Co.
RMS 16) 0% A74ste] Fezd] 545 dasiith el
T=9 A" W Aserd 54 MacFaddin (1980)3
Gerhardt 5(1981)°] WS F&3I%lth 53] welsh Ax
g T F 7P dxeol $E NH-3 s Ak At
7, A Bl 3l A4 540 Fls 913 API 20NES)
API 32GN kits (Biomerieux, France)E ©]43}% 0w, 1
A3}= apiweb™ database (http://apiweb.biomerieux.
com)E Fxste] 12402 F78HA] AN S HEsto]
% level7H4] &7d8tit. A9 W3t A3} a2 API kit
A ZAb A Aot AHEAEAE F86lon, 43 &
5 25C oA 2471383} 48A17F vk & BAFFo RN W
g3ttt

T3k woh Jeket 545 915ko] 16S rRNA genes ©
23 G7IME 248 A3 tHDunbar et al, 2000). A'E
¥ NH-3 5 PPESII HiA|ollA] 181K wjefeh %,
AccuPrepTM Genomic DNA extraction kit (Bioneer)E
AHE3to] total genomic DNAE FE31°] template ™ At
Sol3lth 165 rRNA 44k S&o] o] &% primer’d==
27F (5'-AGAGTTTGATCMTGGCTCAG-3") 9} 1492R (5'-
GTGGATCCGGYTACCTTGTTACGACTT-3)S  AHS-3}
ATt o]uf forward primer?] 5'ofli= A|gt& A EcoR19] <
24215, reverse primer®] 5'¢= BamHI9| 127915
A7vstolth. PCR ¥H8>  AccuPower PCR Premix
(Bioneer)& AHE-3to] Minicycler (M] Research, USA)%
AAERITE A 94T oA 587 MAAIZ F, 94T el 1
¥, 61C el 132, 727CellA 124 303] WHE38lo] DNAE
SEAZ|2, vHEe R 72T oA 583E extensionA] 7
PCR WM& FZAAZE 4A¥ 165 rRNA gene®] PCR
W55 pGEM-T vector (Promega)®ll ligation*|# W&
5 v|g] 18k 200 ple Escherichia coli XL1-blue %
FAIEZ] FAAE A7 F alkaline lysis w2 3
(Sambrook et al, 1989) °.%E plasmidE mini-prepst3iTh
Y3+ Termination Sequencing Ready Reaction kit
(Perkin Elmer, USA)$} ABI 377 genetic analyzer
(Perkin Elmer, USA)E ©olg&3dty] IMES 43k,
CLUSTAL W software Ver. 1.7 (Thompson ef al, 1994)=
aligns3itt.

o]} o] 16S rRNA gene w415 3o Q7 4d S 4
%J¥t ¥, National Center for Biotechnology Information
(NCBI)¢] GenBank Hlo|E|#|o] X (http:/ /www.ncbinlm.
nih.gov/blast/) % Ribosomal Database Project (http://
rdp.cme.msu.edu) oA 7P AdEAlo] w=& dFE 971

Ads vaste] AE A4S 88tk Kimura's two-
parameter model (Kimura, 1980)= %13} 7 2](evolutionary
distance)® 7431913, A$EE MEGA 5 package
(Tamura et al, 2011)E ©]8-3}4 neighbor-joining method
(Saitou and Nei, 1987)% 2Mda}31al, oW Bootstrap<
1,0008] NHESR] A 3E3I)

AZX0|ME NH-3 ZF2| YFCTHE A=

Az AEL] AgRAC e Axes dopr] fs)
NH-3 %5 PPES-II AR o] FFato] HA x7(2
50T, initial pH 7.0, 2.0% NaCl)°l*] 39417k vjekala
o] SA o g Axes ARSI &, tieF7]E v
¥ A. catenella MUFH(8.0 x 10° cells/mL) 0.9 mLel
HA oA wljekst NH-3 o5 wF-e Zt 3A]7F 717 2.
E 0.1 mLA HEato] 48117 Y & xS AT
o] W controlelli= w5+ vk thal ] PPES-II WA &
gol FQIt} A5 A. catenella®l AESENE 38|
ZAstollA FEste] 48413 S0l HoRQlE A. catenella N3
IE countingdh= bioassay' 0% S5t 0 thad) 2
o] F&ltk Algicidal activity (%) = {1 — (AIEE 37}
St test tube®] AMXS/control®] HXS) X 100}

=
o
ok

=

T3 H{JO{ ol HIt SEEH MES

NH-3 i#t77} APbehs A2EL9] wko] e dxe
dotr 7] QJal, w7 kel el Hrt Frol wE Ax
& zARBISIEE WA PPES-TT Aol H&27(25C,
pH 7.0, NaCl 2.0%)°.% wieFst o527 $71(27A11F
Hi%h) e NH-3 w5-9] ujeko)S ¢41421(3,000 x g, 10 min)
sto] AEdS 02 pm pore size® polycarbonate
membrane filter?™ AYSIATE A. catenella WF(8.0 x
10° cells/mL)ell #5 wjFoisols 247 AF5Er) 1, 3,
5 W 10%7F M55 AFet &, 478 A. catenella®) Wi
F10% wjekshe v oAttt Axe-s SISt Wk
NS H7BEA] &3l A& Wikt A& control® 3F310H,
o] mj controlelli= ko] zte] thalel EF2] A4 PPES-
0 HAAE H7ketalon, 33 wby A38S Fato] A

= ARl

Ax=E9| A H HxS0ld

NH-3 57} bk Axads e, FAs] 2lst
o] 2719 wjkEA R 20 Lg widkste] wiokolwtals ]
St wjefoi ol oldotAlElo| ER o]FEulsto] &
siglom, odopgolE FAe FRksHato] -20TC oA
U A3 A7k 2aslelt) o] % o dolAEoE FEE2
silica gel chromatography®ll loadingslol, SZZX57}
HekEZ $E319t) FRENXE-MEHE(9:1) fraction A
e Aol ERlylor g, o] 355 preparative
silica gel TLC (Kieselgel 60F254, 20 x 20 cm, Merck)©ll
loading3tyl &HEA S22 EE-MehE(8:2)S AHE3IGIT
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Table 1. Morphological, physiological, and biochemical characteristics of NH-3 isolate by conventional tests, API 20NE

and API 32GN kits

Tests Results Tests Results

Colony color Pale yellow (on PPES-II) Utilization of

Cell form Rod D-Glucose

Gram stain + D-Gluconate +

Catalase + D-Glucosamine -

Hydrolysis of - D-Maltose +
Esculin - D-Arginine -
Gelatin - D-Melibiose +

Reduction of nitrates - D-Sucrose

Indole production - D-Arabinose +

Growth at: D-Sorbitol -
Temperature 15-35C D-Mannitol +
pH 6.0-9.0 D-Fructose -
NaCl 0-5.0% D-Mannose -

Optimal growth at: Acetate +
Temperature 25C Citrate -
pH 7.0 N-Acetylglucosamine +
NaCl 2.0% Xylose -

+, Positive result or growth; -, Negative result or no growth.

SN T et AWy ~ -
4 e N N s N i
R o v “ < )
SRRt L SR % oy T
Y ) - ook A an A 2 -
L ‘Q > X% - N X,
= v ¥ = = 7y yV & oWy
P A e ) N
sy ¥ i acaprd - = vl o=
L8 <5 o o T, -t " s |
3, Ny % - -y - ﬁ-"\ - A S s
73 WL SR N T b & .
- d = T WRE PN o B
¥ty . AR prl gt A .
R L aapts el B ¥ -,
. e v ™ Yy . R~ . g .
L L W I AP W ) i
e A%, v waey Sy — e
s . T S ', g A =
S ) e L E Y SR LA I e
SR s N R T e oy .-
R SEAE. SRR P - -4 ~
v g R el | -~ \ S -
B ekl W % Pt N -
Dn, w ™ - 1 = _J
= o s N NS W
Y - \ b .,
Pl ¥l g % L3N 3 PP Y, bl

Fig. 1. The gram staining of NH-3 isolate.

AzEdE HRl prep-TLC #3355 preparative HPLC
(Inertsil ODS-3, GL Sciences Inc., 10 x 250 mm, flow
rate 2.0 mL/min, 35% MeOH, UV detector set at 210
nm)E ©]&3to] HFHow &
@, A
oo A A Eavel HxBAY AEWY ®
L AREOHE AP flste] AP faly A2

&% (Harmful Algal Bloom Species)s> U itk
Chattonella marina, Cochlodinium polykrikoidesS}

et AxEA(algicide) S

Heterosigma akashiwow= NFRDI (National Fisheries
Research & Development Institute, Republic of Korea)
o FeRskew,  Gymnodinium sanguineum, G.
Iimpudicum, Fibriocapsa japonica, Prorocenfrum micans,

P. minimum? Scrippsiella trochoidea the South
Sea Institute of KORDI (Korea Ocean Research &
Development Institute, Republic of Korea)Z5-E| %
Wgkth NH-3 #77h AAksHe 2200) Azsolye 7
7Lg] AZAES Ao 207 HHOkL]—tq AZEZ 0] HE
574100 pg/mLo] HEF Frhelel 12407 9 s
243romA U

r0\-

flo o

Zo o %

[}

xnjMEe] £2
EE

2 53

=3 9] S HE AE THE colony ¥} )

= 7k 1000709] 8w s EEleksion, 1 7t
colonyE PPES-II HaujA|ellA =efsto] A. catenella
of gk Az AL 1 7 M Hold Axss
el NH3 @58 Agael s, dus =4 3
API kits ©|85 4801 B4E 23] 14405
e fAM S HESSIth NH-3 5+ Gram 9,
Tt (rods) .= (Fig. 1), PPESHI agarol4] &= =34 colony
= AT K3 catalases Aol eH, esculin
gelatin 7F28ll3H4] ¢A9kaL nitrate 3Hls HUUTh =
2wtz 25T, pH 7.0, 2.0% NaCl 55321, 10T
ol&tgt 37C o4, pH 50 ©l&tst 100 o1 2 7.0%
(w/v) o8 NaCl skelxe= T28k4] X siSith B
D-Glucose, D-Gluconate, D-Maltose, Melibiose, D-Sucrose,
D-Arabinose, D-Mannitol, Acetate 2 N-Acetylglucosamine

2
ol

n
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A
93 ?L

84 4. ramosus DSM 205467(X80742)
98 | | A pascens DSM 205457(X80740)
99 A. globiformis DSM 201247(X80736)

oryzae NRRL B-24478T(AB279889)
A. humicola NRRL B-244787(AB279890)

20 | L A sulfonivorans ATCC BAA-112T(AF235091)

A. nitroguajacolicus CCM 4924T(AJ512504)

91 [ A. defluvii KCTC 192097(AM409361)
92 A. niigatensis IAM 153827(AB248526)

91 99 A. nicotinovorans DSM 4207(X80743)
99 A. histidinolovorans DSM 201157(X83406)
A. scleromae YH-2001T(AF330692)
96 NH-3 isolate
E‘_F oxydans DSM 201197(X83408)
86 ' A polychromogenesDSM 201367(X80741)
A phenanthrenivorans DSM 186067(AM176541)

A chlorophenolicus DSM 128297(AF102267)
— —— A equw/IMMIB DSM 23395T(FN673551)

0.005

A. eryoconiti LMG 260527T(GU784867)

99 \—i A. alpinus DSM 222747(GQ227413)
A. psychrochitiniphilus JCM 13874T(AB588633)

Fig. 2. Phylogenetic tree based on comparison of the 16S rRNA gene sequence indicating the position of NH-3 isolate.
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 five nucleotides substitutions per 1,000 nucleotides.

4 o X PO 7 o] g3t Table 1). ©]
3}, B 4= Arthrobacter 53} 7 SAFSES 0,
k3t F= 215l 16S rRNA gene 9714 ¥(1,418
bp)e 43te], NCBI GenBank$ RDP (Ribosomal
Database Project)®l 5%5% Arthrobacter < 5% fr
Axpgre] AdEds FARRIGIYE 1 A3, NH-3 o5+
Arthrobacter polychromogenes (DSM 20136: X80741)
4 A. oxydans (DSM 20119: X83408) ¢} 7Fd =2 4574
(99% °Vd)e Yehfol(Fig. 2), & %0 WE-S Arthrobacter
sp. NH-3% g3t} o] 9] A3ls Jayaioich =gt &
2] 16S rDNA %7149 GenBank database®ll ‘5-=3}
¢ accession No. KR9215825 Fojrigic}

A7 Barg Az Es Alofshs tisEAel x|y
== 25T Alteromonas 4 (Imai et al, 1995), Bacillus
% (Jeong et al, 2003), Brachybacterium %(Kim et al,
2009), Flavobacterium "—.E(Yoshinaga et al, 1995),
Micrococcus 4(Park et al, 1998; Jeong et al, 2000),
Pseudomonas 4(Wang et al,, 2005), Pseudoalteromonas <
(Lovejoy et al, 1998; Lee et al, 2000; Mitsutani ef al,
2001; Skerratt et al, 2002; Su et. al., 2007a, 2011; Jeong
et al, 2012; Wang et al, 2012) 9 Vibrio “—T—(Wang et
al, 2012) %ol RuEdoy, HXAES At
Arthrobacter & 230 AE] gt AT ofd 74 B

# o] gtk

2 100
18 90
_ 16 80
g S
2 14 70
2 L £
512 o I
g 1 Fso Z
~ =
(=3 13
0.8 a0 =
0.6 30
0.4 20
0.2 10
0 0

0 3 6 9 12 15 18 21 24 27 30 33 36 39
Incubation time (h)

‘ == Algicidal Activity (%) ——Growthcurve

Fig. 3. Growth curve of Arthrobacter sp. NH-3 at optimal
culture conditions (257, initial pH 7.0, 2.0% (w/v) NaCl)
and algicidal activity of Arthrobacter sp. NH-3 against
Alexandrium catenella. The algicidal activity indicates
the percent of dead A. catenella after 48 h of treatment.

Arthrobacter sp. NH-32| MAECHE AXs
Arthrobacter sp. NH-3> 6A1718] F5715 AA
2710 olEar wieF 30417t O]f?—"ﬂ MA8] AAZIE A
o == A= (growth curve)s HITHFig. 3). A
of W Axss v A A¥ gesar] $71(18-27
AZF uljed), BA)71(30-39A12F wlod), ti42A7] F7)(9-154]
e, FEII6AIRE vl wo® Axso] A YR
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=) © -

Number of A. catenella(x 103 cells/mL)

Incubation time (h)

Fig. 4. Algicidal activity of the culture filtrate of
Arthrobacter sp. NH-3 against Alexandrium catenella at
various concentrations (4, control; M, 1%; A, 3%; , 5%;
®, 10%). Control: same volumes of fresh PPES-I
medium were added. Data are expressed as the
meanzstandard deviation from triplicate assays.

ot &, FE710= A catenella®) th3F A250] 20% ©]5)
A YERE O, tiSAl7] S8 AREA Z40] &
3] F7k8l7) A &ate] 32-86%9] x5S Holthl, tls
ZA7] Z7)0] Ax50] 96-100%E Hi x| o]Zon,
MIE 95% 104 AxsE A8t Fig. 3). ¥ 3f

S 95| AzEAT 7o 23 tA) AR
L} 57t 543] S7Fhs daa
4 *Mo}ﬂ A2 }0% W?i*‘ﬂ T71

ol

Al 23 Hﬂﬂur Oﬂokﬁﬂi ZHO]
2 T_‘ﬂ'%r/]-. olg|st A= Jeoung &

b P eudoa]teromonas sp- NH-129] "3+
S Hlwal = ), & s Boh wE A4
I g AEes 7L Qe AloR dhdEnh B3 2
172 A. catenella®| et HF-& AR A3, AxE
As AELR Fulshe AU ERj 0w Wi
(A= AN "eel & #5754 Az A
catenella®t 3|5°] Q= AHolME AxEds A540%
Ak 0% Hol, & 57t ik A%

EO]MO] A AL ofE] AxEel vl

2g ARk,

2,
rr
o)
o

> 1 g
B e
ot

HT
ofr
-L

(‘

md'

Arthrobacter sp. NH-32| HiQ0{njH s AlxX s

Arthrobacter sp. NH-3 H2E4& AE

A ka1, AR FH|hs QA BHIE 0w Ik

2, & 157 Ahdehs dxede] sl e *éi%
ol¥ 7] 98l|, o5 wljokoizteol 47} %1, 3,5 1)

o] W& A. catenella (8.0 x 10° cells/mL)°l thst ELE%

<= ZARE A¥k= Fig. 49k 2tk NH-39] vl 39S 1%

£l
;.:
=
Hu

L)
(g

7} Hes Akt A4 12/\]{} Zof A. catenella® 71A5
=74 x 10° cells/mLE 2252 oks}gl o1}, o]3 /A4
= A3 Foj50] 36417F Foll 2.9 x 10° cells/mLE &
oJEditk S 3%E /M A9 6ARF Fel 53 x 103
cells/mLE 548 /WAIFE] g Bl o] HxIZ
o agslthr} 36217 Fofl 2.2 x 10° cells/mLE 745
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Fig. 5. The algicidal range of algicide derived from
Arthrobacter sp. NH-3 against other harmful algal bloom
species. The 100 pg/mL of algicide was added to each
algal culture. The algicidal activity was evaluated after
12 h. Control: same volumes of methanol were added.
Data are expressed as the mean+standard deviation from
triplicate assays.
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