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Abstract

A bacterial strain SY-97 that showed algicidal activity against Cochlodinium polykrikoides was isolated from
coastal water of Uljin (eastern coast of Korea) in August, 2005. The isolated strain was identified as
Brachybacterium sp. by morphological and biological tests, and analysis of 16S rDNA sequence. The optimal
culture conditions for the growth of strain SY-97 were 30°C, initial pH 7.0, and salinity 2.0%. From the result
of cell culture insert experiment, Brachybacterium sp. SY-97 is assumed to produce secondary metabolites
which have algicidal activity. When 10% culture filtrate of this strain was applied to C. polykrikoides (1.2
x 10" cells/mf) cultures, 100% of C. polykrikoides cells was destroyed within 15 hours. The released algicides
were heat-tolerant to 100°C and stable in pH 6.0~ 10.0. These results suggest that Brachybacterium sp. SY-97
is potentially useful for controlling outbreaks of C. polykrikoides.
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ative control® 3ttt} T& welle C. polykrikoides
o] HA wigzoNA uj kst 48A1ZF Foff Az
#98 BAIA A2 48 AReAT AR
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SY-97 @F7} AAtste B4 4 MBS dol
B A, HH 2 A ul g SY-979] ik
S AAIEB,000 x g 10 min)F ¥, FFAS Hst
o] pore size 0.2 gm polycarbonate membrane filter=
38k ojFAB L 4, 10, 20, 30, 50, 70, 100°C oA 1
A7y w218k F C. polykrikoides (1.2 x 10* cells/mb)
HiFaol 15%7} HEE HEFet 1543 Fol| 42
F4& AT o W controloll& vl Fo
2ol FaFe] 414 PPES-TT AA WA E H7}st
Aok AzAL o] Aoz JdEsnern, 33
e AYS F3le AAE AEstan

Algicidal activity (%) = (1 - 2204 E ] g
Ao 2A7e NBTF C polykrikoides®] MXE
/control®] C. polykrikoides®] A ) x 100
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SY-97 @F7F AdstE &4 pH Mg S &
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e e AT F, A pHE 8.00.2 24s)
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Aok o] W controloll = Ztzte] pHol| whebA ul Fo
SAS TPHA B buffer SAE Hrlal Atk
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Fig 1. Gram staining of strain SY-97.

ZeA X sdoh Boh 389 534S A8k 16S
rDNA 71X 49§ #4938t NCBI GenBankol] 5
H FFES ALY AEAE 2% 4y,
Brachybacterium conglomeratum (AY167842)3} 99%
ol 7hg Ee HEAS Ven)UckFi 2). o
g2kA ol 58 Brachybacterium sp. SY-978 73}
of o]Fe] AYg P3Pt

AF7AA G 2| YERZE Vibrio™, Cyto-

phagam, Saprospirazg), Flavobacteriung), Alteromonasg),

. 30-~32) 11,33
Bacillus ) Pseudomonas' ™, Pseudoalteromonas”’,
. 35 - .
Micrococcus™ & o] glom, Brachybacterium &

o e AF7A 2, 21 uprt gl

3.2. Brachybacterium sp. SY-972) Z| = MZrx
Brachybacterium sp. SY-972] v Fz2 Ao WE A
SEF Fig. 3o) Jehidch 4% HAHL25+= 30T
ol3 20~37ColA & F23H e, 4TAME F

Table. 1. Morphological and biochemical characteristics of

strain SY-97

Contents Strain SY-97
Color yellow
Cell shape coccus
Gram staining +
Motility -
O/F test +/-
Oxidase -
Catalase +
Indole production -
Nitrate reduction +
Hydrolysis of

Casein +
Starch -
Gelatin +
Acid production from
D-Fructose -
L-Rhamnose -
D-Mannose +
Sucrose -
DL-Lactose ) -

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

28}A] E3)}rt. pHel B¢ 70004 717 F2o] Z
E91om pH 6.0~10.0014 F2o] 7hsatd o,
pH 5.0 oJ3loll M= A9 4317 X3dth €5
o] A9 20% NaCl =X Hdl &g BJon,
1~5%71%) 438w @A 2 AAstgc
1 9] 0%2} 6~10% M= A2 =g A5t FJEol
7Vttt webs 20l A E Brachybacterium sp.

SY-97& #aEdt ohvz AgFERAME AHE
FAR VAR E qGBA e ¥, 5

2 7)FYgoME & F58 5 S Aoz dud
t}. ol A8 A3, Brachybacterium sp. SY-97-&

r— B. paraconglomeratum IMG 198617 (A141537)
100

“ SH 2 wmm::::;::jmw Fig. 2. Phylogenetic tree based on
" comparison of the 168
B. faecium DSM 48107 (X91032) rRNA gene sequence in-

B arcticum (EU249576) dicating the position of

B fresconis TMG 20333 (AT415379) strain SY-97. The phyloge-

w'—;L—-' B. sacelli LMG 203457 (AJ415384)

netic tree was generated
using the neighbor-joining

B ri

93 B. pesterenkovii (X91033)

0.008

LMG 198457 (nJ415376) method. Bootstrap values,

expressed as percentages
of 1000 replications, are
given at branching points.
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Fig. 3. Effects of temperature, initial pH, and NaCl concen-
trations on the growth of Brachybacterium sp. SY-97
after 24 hours incubation in PPES-TI medium.

= 30°C, pH 7.0, 2.0% NaCl 5 %0] 4 200 rpm.o.

Rkl Al M o AFES RAY FH3F
ol Al Brachybacterium sp. SY-97-& 9A|17F A%
T71E AR F QeEFA 7R FHojEo, 394]
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3.3. Brachybacterium sp. SY-972| &X ¥
Brachybacterium sp. SY-970) C. polykrikoidesdl) 2

A Aol Zol AR FAYAA AL £

Growth (O.D. at 660 nm)
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Incubation time (h)

Fig. 4. Growth curve of Brachybacterium sp. SY-97 at opti-
mal culture conditions (30°C, pH 7.0, and NaCl 2.0%).

Data are expressed as the meantstandard deviation
from triplicate assays.
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Brachybacterium sp. SY-972] WA GA o g A
ZE8AL dF547), A1EY], 7] £28 B4
WLt AA). 52 7)6E C polykrikoides
E 24A7F T 100% HRAZHon, AME7dE
80% FEo H42FAL HAAWT K27 moe
5% ofdte] 4z28A4-& Y vlFE4rdE §7)
2 44E Ax84 o) V3l &, Brachybacterium
sp. SY-97& FrE71& AA dFFA7) 274 A=
=2& A4, Bvlsr] A&Aste d34)7) 37
o 4z&4go] Hulo| g% F Ao ozt 7
28t ek o AR g 44, Bese
FZ2EAY d= FE e Aoz wdyn, ole
o AR FxEAY Aol wigdvie=
Nakashima $°79) ®19} 2 Qx)atc}.

Brachybacterium sp. SY-972] sfoutol H7) =
E(1, 5, 10, 15%)l] W& C. polykrikoides®) =8A
£ Fig. 59 Yeb Ut Brachybacterium sp. SY-97
g A S 10, 15%7F 52 JUs A9 C
polykrikoides®] MA 7} FAS] ZHaslgod,
15%9] A4 12417 39 100% A=5 Y1, 10%
9] 7% 1547F 3o 100% A2 H ). 5%2) A$
184171 3ol 90% o4t FEEAL, 1%2] 735 184
7+ —‘?‘;Ol] 80% o) AZHUTh. =, Brachybacterium

Number of C. polykrikoides
(x 10° cells/mi)

0 3 6 9 12 15 18
Incubation time (h)

Fig. 5. Algicidal activity of the culture filtrate of
Brachybacterium sp. SY-97 against C. poly-
krikoides at various concentrations (¢, control;
B, 1% (10 wl); A, 5% (50 pxl); x, 10% (100
ul); @, 15% (150 uL)). control: same volumes
of fresh PPES-II medium were added. Data are
expressed as the meansstandard deviation from
triplicate assays.
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sp. SY-97¢] wj o kel o] QFel Bl st A2
o] F7tete A¥E RATh I wiFAE 2AE
o} Ao e H4xgA S vehlo], Table 29| 2
o} =3t B o, Brachybacterium sp. SY-97-&
2 EA L AP AEYR RHlsle o2 &
THh

3.5. C. polyknikoides2) Az kAt

C. polykrikoides®) vl kAol Brachybacterium sp.
SY-97¢9] WA NS HF FEIt 10%HA HE
A& W) AxHE A& FAnF o2 43
ALZ1& Fig. 69l YER ATk C. polykrikoides2] %
AEE IAZ ool +F548L A3t AAEA
o, Aglo] Foid F 247t ool HA AE A
@e] AR Axeo] &A1 HAA, X W& E
o] FrEE F, AlTte] Ao wat AXE U§E]
A A3 G E o] AMHAT

36. AXEZEQ EH
36.1. & ordd
Brachybacterium sp. SY-970] Akl B4 €
QS ZASE AHE Fig 7Ad] veR STk A
ZE AL 4CAA 7P A sR o 100CT7HA] Bl
2 A AFE Vep ek ek Brachybacterium
sp. SY-970] A4, Bulsle AZEFL 9 A
FUEN 22 Bddg. AE7A Bad d4x

Table 2. Determination of algicidal type against C. poly-

krikoides using cell culture insert by
Brachybacterium sp. SY-97
Negative Positive
control well control well Test well
- + +

Initial cell densities of Brachybacterium sp. SY-97 were

10* cells/me.

Negative control well; C. polykrikoides and fresh PPES-II

medium inside.

Positive control well; C. polykrikoides and Brachybacterium

sp. SY-97 inside.

Test well; C. polykrikoides inside and Brachybacterium sp.

SY-97 outside.

+; C. polykrikoides cells inside cell culture insert were kil-
led within 48 hours.

-3 C. polykrikoides cells inside cell culture insert were not
killed within 48 hours.
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Fig. 6. Monographs of the lysing process of C. poly- ‘g 60
krikoides treated with 10% culture filvate of g
Brachybacterium sp. SY-97. (A) Live cells of €. £ %«
(=3
polvkrikoides, (B) Stopping of cell swimming, (C, ? 2%
I3} Burst cell of €. polykrikoides.
0

WAES Fo) TheFEta 24y e EAE A

AEEAE P, A4St 2 BEE BY
il g 9o 227 e A2Ea5E g 7. The thermal (A) and pH stability (B) of the culture
34,39) filtrate of Brachybacterium sp. SY-97 against C.

2 = o polvkrikoides. For thermal stability, the culture fil-
substances" » bacill amide’” » phlorotannins s A trate was incubated or heated at an indicated tem-

om, AR BXEHE Qo EARS A ¢ perature for 1 hour. For pH stability, the culture
e RATD™Y 12 Lee7t B proteases filtrate was suspended in 50 mM sodium acetate

& buffer for the range of pH 4 to 5 and 50 mM sodium
A 1A Abz Bl Al 2 Q) <) © =
68COIN 142 Al dxe g2 gl 2o & phosphate buffer for pH 6 to 10, and then kept in

protease” peptidesm biosurfactants’™™, antibiotic-like

g23o] YAtk Brachybacterium sp. SY-97°] A4ba} each buffer for 24 hours.
T AZEAS 100C7A dofl kA gAY E
B proteasedt 2 AU B BAe opgd o A FLHE e x3I0RR oG 5L
Ro g gl kA e Al o] B} HE e ojde] B slog &
362, pH oHEA A

Brachybacterium sp. SY-970] A4bsle Azga
o pH GRS ZAE 29 Fig B v 4 & F
th pH 6.0~8.0014 100%] S284L Jeuiisl Ao gEe Az 2 YAMES C poly-
3L, pH 9.0~10.000 4 AZBAI0) 90% VFEZ N pkoidesE ARANE SY-97 FFE &3 g9
©a] P stgond, pH 5.0 o)dtell Ay AR 8] Hzubasjaea] Belstd Bt 1 BEA T 4
A #2289 &, B2 EES FUAY Ve a4 g drgoeag 44 Qe %8y, @
of A % B AF

ol AAHAL, AAM vk Ax 7 wskd AxuA Ve AR & AEE A
o] dolgth ol diFEe] Fxedsel o stux dvd Adde vhed 2o

Aot ehebgde]ol A b star At Zzdel M D Hagd el & ke sigol A e
B4o] gaste A% dAShE Aol g @ 10004 AR E TF F 8 LT C pob-
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krikoides?| el H2BAE Velglon, o F

dz@Agol P 43 SY-97 wFE AEE e
B #FT 165 DNA ErIMES BAg AT

FEHAoH, HF wjgx
AL 30T, pH 7.0, 2.0% NaCl FEAch

2) 0.2 2} Cell Culture InsertE AH§)8F 22 nj ok
A& o83+ Brachybacterium sp. SY-97¢) 2% &
HE ZARY B3, Brachybacterium sp. SY-97-& 0.2
un filterell 23] C. polykrikoides9} 2] F AFe] o) A
5 C polykrikoidesE HZAVA 2F FAF 0] o}
Ygt AEZ 5L Busd 24xA9e
IZ #elgr oz uraFHcoh

3) Brachybacterium sp. SY-979] wjjokojm}of o] H
7} =59 AL = A3t 75_34, 15%¢] 3% C
polvkrikoides®) MA T FF3] 4stdd 12417
Fol 100% HZF AL, 10%9] 4S5 1543 T
100% =52 5%9} 1%2] 79 18713 Fof 2z}
2t 90%%F 80% o] Az =AU

4y Brachybacterium sp. SY-970] i+l A2
2o d IS AES A, 4TAA S oy
stges 100C7/AR vlwd kA Ad7s Jeny
Aok E= AxEH pH ¢S AN AF,
pH 6.0~8.0014 100%¢] #x¥4-& ez
pH 9.0~10.001 A 2284l o] 90% o] o2 tfets)
IR, pH 5.0 o8l e A2 A o] Az}
miﬁ}ﬁi‘?}.

Brachybacterium 2.2

s =

Y129

1) Hallagraeff G. M., 1993, A review of harmful algal
blooms and their apparent global increase. Phycologia,
32, 79-99.

2) Kim H. G., 1997, Recent harmful algal blooms and
mitigation strategies in Korea, Ocean Res., 19,
185-192,

3) Lee Y. S, Lee S. Y., 2006, Factors affecting outbreaks
of Cochlodinium polykrikoides blooms in the coastal
areas of Korea, Mar. Pollut. Bull., 52, 626-634.

4) Sun X. X, Choi J. K., Kim E. K., 2004, A preliminary
study on the mechanism of harmful algal bloom miti-
gation by use of sophorolipid treatment, J. Exp. Mar.
Biol. Ecol., 304, 35-49.

5) Bricelj V. M., Malouf R. E., 1984, Influence of algal
and suspended sediment concentrations on the feeding
physiology of the hard clam Mercenaria mercenaria,

Mar. Biol., 84, 155-165.

6) Ryu H. Y, Shim J. M,, Bang J. D., Lee C., 1998,
Experimental chemical treatments for the control of di-
noflagellate, Cochlodinium polykrikoides in the
land-based culture of olive flounder Paralichthys oli-
vaceus, Kor. J. Aquacult., 11, 285-294.

7) Jeong J. H., Jin H. J., Sohn C. H., Suh K. H., Hong
Y. K., 2000, Algicidal activity of the seaweed
Corallina pilulifera against red tide microalgae, J.
Appl. Phycol., 12, 37-43,

8) Garry R. T., Hearing P.,, Cosper E. M., 1998,
Characterization of a lytic virus infectious to the
bloom-forming microalga Aureococcus anopha-
gefferens (Pelagophyceae), J. Phycol., 34, 616-621.

9) Imai I, Ishida Y. Sakaguchi K., Hata Y. 1995,
Algicidal marine-bacteria isolated from northern
Hiroshima Bay, Japan, Fish. Sci., 61, 628-636.

10) Sigee D. C., Glenn R., Andrews M. I, Bellinger E.
G., Butler R. D, Epton H. A. S., Hendry R. D., 1999,
Biological control of Cyanobacteria: principles and
possibilities, Hydrobiologia, 396, 161-172.

11) Kim J. D, Kim B., Lee C. G., 2007, Alga-lytic of
Pseudomonas fluorescens against the red tide causing
marine alga Heterosigma akashiwo (Raphidophyceae),
Biological Control, 41, 296-303.

12) Mayali X., Azam F., 2004, Algicidal bacteria in the

sea and their impact on algal blooms, J. Eukaryot.

Microbiol., 51, 139-144.

Lovejoy C., Bowman J. P., Hallegraeff G, M., 1998,

Algicidal effects of a novel marine Pseudoalteromonas

isolate (class Proteobacteria, gamma subdivision) on

harmful algal bloom species of the genera Chattonella,

Gymnodinium, and Heterosigma, Appl. Environ.

Microbiol., 64, 2806-2813.

14) Amaro A. M., Fuentes M. S., Ogalde S. R., Venegas
J. A., Suarez-Isla B. A., 2005, Identification and char-
acterization of potentially algal-lytic marine bacteria
strongly associated with the toxic dinoflagellate
Alexandrium catenella, J. Eukaryot. Microbiol., 52
191-200.

15) Sul. Q. Yang X. Y., Zheng T. L., Tian Y., Jiao N.
Z., Cai L. Z., Hong H. S., 2007, Isolation and charac-
terization of a marine algicidal bacterium against the
toxic dinoflagellate Alexandrium tamarense, Harmful
Algae, 6, 799-810.

16) Taga N., 1968, Some ecological aspects of marine bac-
teria in the Kuroshio current, Bull. Misaki Mar. Biol.
Kyoto Univ., 12, 65-76.

17) MacFaddin J. F., 1980, Biochemical tests for identi-
fication of medical bacteria, 2nd ed., Williams and
Wilkins Co., Baltimore, 36-308.

18) Gerhardt P., Murray R. G., Costilow E. R. N., Nester

13

~—



K8 A 2B Cochlodinium polykrikoidesE a3V Brachybacterium sp. SY-97¢) ¥&| @ A 443

E. W, Wood W. A, Krieg N. R, Phillips G. B., 1981,
Manual of method for general bacteriology, 1st ed.,
Am. Soc. Microbiol., Washington D. C., 135-154.

19) Benson H. J., 1990, Microbiological applications; A
laboratory manual in general microbiology, 5th ed.,
Wm. C. Brown Publishers, 40-134.

20) Dunbar J., Ticknor L. O., Kuske C. R., 2000,
Assessment of microbial diversity in four southwestern
United States soils by 16S rRNA gene terminal re-
striction fragment analysis, Appl. Environ. Microbiol.,
66, 2943-2950.

21) Moyer C. L., Dobbs F, C, Karl D. M, 1994,
Estimation of diversity and community structure
through RFLP distribution analysis of bacterial 16S
rRNA genes from a microbial mat at an active, hydro-
thermal vent, Loihi Seamount, Hawaii, Appl. Environ.
Microbiol., 60, 871-879.

22) Sambrook J., Fritsch E. F., Maniatis T., 1989,
Molecular cloning, a laboratory manual, 2nd ed., Cold
Spring Harbor Laboratory, New York, 25-28.

23) Kumar S., Tamura K., Jakobsen 1. B., Nei M., 2001,
MEGA?2: Molecular evolutionary genetics analysis
software, Bioinformatics, 17, 1244-1245.

24) Jeong S. Y., Park Y. T., Lee W. ], 2000, Isolation
of marine bacteria killing red tide microalgae. 111
Algicidal effects of marine bacterium, Micrococcus sp.
LG-5 against the harmful dinoflagellate, Cochlodinium
polykeikoides, J. Kor. Fish. Soc., 33, 331-338.

25) Porter K. G., Feig Y. S., 1980, The use of DAPI for
identifying and counting aquatic microflora, Limnol.
Oceanogr., 25, 943-948.

26) Ishio S., Nishimoto T. Nakagawa H., 1987,
Distribution of dinoflagellate growth inhibitor in sedi-
ment in Arika and Hakata Bays, Nippon Suisan
Gakkaishi, 53, 773-787. : - s

.- 27) Imai 1., Ishida Y., Hata Y., 1993, Killing of marine
phytoplankton by a gliding bacterium Cyrophaga_sp.,
isolated from the coastal sea of Japan, Mar. Biol,, 116,
527-532.

28) Sakata T., 1990, Occurrence of marine Saprospira sp.
possessing algicidal activity for diatoms, Nippon
Suisan Gakkaishi, 56, 1165.

29) Fukami K., Yuzawa A., Nishijima T., Hata Y., 1992,
Isolation and properties of a bacterium inhibiting the
growth of Gymnodinium nagasakiense, Nippon Suisan
Galkaishi, 58, 1073-1077.

30) Ahn C. Y., Joung S. H, Jeon J. W., Kim H. S, Yoon
B. D., Oh H. M., 2003, Selective control of cyanobac-
teria by surfactin-containing culture broth of Bacillus
subtilis C1, Biotechnol. Lett., 25, 1137-1142.

31) Jeong S. Y., Ishida K., Ito Y., Okada S., Murakami
M., 2003, Bacillamide, a novel algicide from the ma-
rine bacterium, Bacillus sp. SY-1, against the harmful

dinoflagellate, Cochlodinium polykrikoides, Tet. Lett.,
44, 8005-8007.

32) Mu R. M., Fan Z. Q., Pei H. Y., Yuan X. L., Liu
S. X, Wang X. R., 2007, Isolation and algae-lysing
characteristics of the algicidal bacterium BS, J.
Environ. Sci., 19, 1336-1340.

33) Wang X. L., Gong L. Y., Liang 8. K., Han X. R,
Zhu C. J, Li Y. B, 2003, Algicidal activity of thamno-
lipid biosurfactants produced by Pseudomonas aerugi-
nosa, Harmful Algae, 4, 433-443.

34) Lee S. O., Kato I, Takiguchi N., Kuroda A., Ikeda
T., Mitsutani A., Ohtake H., 2000, Involvement of an
extracellular protease in algicidal activity of the marine
bacterium Pseudoaiteromonas sp. strain A28, Appl.
Environ. Microbiol., 66, 4334-4339.

35) Jeong S. Y., Park Y. T, Kim M. C,, Choi S. C., Seong
H. K, Kim 1. Y., Kim T. U, Lee W. 1, 2000, Isolation
of marine bacteria killing red tide microalgae. 1V.
Characteristics of algicidal substances produced from
Micrococcus sp. 1G-5 and the effects on marine organ-
isms, J. Kor. Fish. Soc.,, 33, 339-347.

36) Yoshinaga L., Kawai T., Takeuchi T., Ishida Y., 1995,
Distribution and fluctuation of bacteria inhibiting the
growth of a marine red tide phytoplankton Gymnodinium
mikimotoi in Tanabe Bay (Wakayama Pref., Japan),
Fish. Sci., 61, 780-786.

37) Nakashima T., Miyazaki Y., Matsuyama Y., Muraoka

W., Yamaguchi K., Oda T., 2006, Producing mecha-

nism of an algicidal compound against red tide phyto-

plankton in a marine bacterium 7 -proteobacterium,

Appl. Microbiol. Biotechnol., 73, 684-690.

Skerratt J. H., Bowman J. P., Hallegraeff G. M., James

S., Nichols P. D., 2002, Algicidal bacteria associated

with blooms of a toxic dinoflagellate in a temperate

Australian estuary, Mar. Ecol. Prog. Ser., 244, 1-15.

39) Lee S. O., Kato J., Nakashima K., Kuroda A., lkeda
T., Takiguchi N., Ohtake H., 2002, Cloning and char-
acterization of extracellular metal protease gene of the
algicidal marine bacterium Pseudoalteromonas sp.
strain A28, Biosci. Biotechnol. Biochem., 66, 1366-
1369.

40) Imamura N., Motoike I., Noda M., Adachi K., Konno
A., Fukami H., 2000, Argimicin A, a novel anti-cyano-
bacterial compound produced by an algae-lysing bacte-
rium, J. Antibiot., 53, 1317-1319.

41) Dakhama A., Noiie J. D. L., Lavoie M. C., 1993,
Isolation and identification of antialgal substances pro-
duced by Pseudomonas aeruginosa, 1. Appl. Phycol.,
5, 297-306.

42) Nagayama K., Shibata T., Fujimoto K., Honjo T.,
Nakamura T., 2003. Algicidal effect of phlorotannins
from the brown alga Ecklonia kurome on red tide mi-
croalgae, Aquacult., 218, 601-611.

38

S



