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An algicidal bacterium, Micrococcus sp. LG-5 against the harmful dinoflagellate, Cochlodinium polykrikoides was isolated. The
optimal conditions for the highest algicidal activity of bacterial culture filtrate showed in the range of 20~30C, at pH 7.0 and 3.0%
of NaCl concentration. In addition, ICse (mean of 50% inhibitory concentration) of the culture filtrate against C. polykrikoides after
incubation of 5 days was 0.482%. To investigate heat and pH stability of the culture filtrate of Micrococcus sp. LG-5, the culture
filtrate (pore size, 0.1 um) was heated to 121T for 15min and adjusted pH from 2.0 to 10.0. There were no significant changes
in algicidal activity by heat treatment and the pH change between pH 5.0 and 10.0. The algicidal substances produced from
Micrococcus sp. LG-5 were mainly detected in the fraction of 10,000~1,000 MWCO (melecular weight cut-off). The culture filtrate
of Micrococcus sp. LG-5 showed antimicrobial activity against Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae and
Vibrio alginolyticus, but did not show against Pseudomonas aeruginosa, P. fluorescens, Salmonella typhi, Staphylococcus aureus, V.
cholerae and V. parahaemolyticus. The culture filtrate of Micrococcus sp. LG-5 was examined against 16 phytoplankton species and
showed the algicidal activity against Alexandrium tamarense, Eutreptiella gymnastica, Gymnodinium catenatum, G. mikimotoi, G.
sanguineum, Gyrodinium impudicum, Heterocapsa triquetra, Heterosigma akashiwo, Prorocentrum micans and Pyraminonas sp..
However no algicidal effects of Micrococcus sp. LG-5 were observed against Chlamydomonas sp., Cylindrotheca closterium, P.
mininum, P. triestimum, Pseudonitzschia sp. and Scrippsiella trochoidea. On the other hand, algicidal activity on the tested marine-
livefood was not detected except for Isochrysis galbana. In addition, physiological responses of cultured olive flounder (Paralichthys
olivaceus) exposed to 1 and 10% of the culture filtrate of Micrococcus sp. LG-5 were measured. There were no clear changes in
AST, GGT, creatinine, urea, total cholesterol, fotal protein, albumine, Mg**, Ca**, Na®, K*, and CI". These results indicate that
olive flounders were not affected when they were exposed to the culture filtrate of Micrococcus sp. LG-5.

Key words: Red tide, Cochlodinium polykrikoides, Algicidal bacteria, Micrococcus sp. LG-5, Algicidal substances, Paralichthys
olivaceus, Physiological responses
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1 Lysobacter sp. LB-1°] A% % 32,000%) proteaseS AJ4te
g B, #wme (1999)L A25 57} HAHeke protease”}
Skeletonema costatums AZA A S, costatume A7) 4HEAE
FEg2 Busyo. 2y Wz AxEA] HYAE
uAe ik i Bus AFE Aeoin,

B A7 Y AdAdd e 9L Fidse 23 LY
ge Adda 2318, #4 21543 3z WAsle e AT 97
2A, AZAT Micrococcus sp. LG-57F ¥ 8he 42549 44
HAzAY A& ZARIARL SdE nAEs dFS gobry]
S5t AT H HZYE § Ho|AEE X¥se HzRS &
2 gXo] mAe Ay TS A Aol

R
1. 3A AxMZ
Aol A8 FZAF Micrococcus sp. LG-5% AX (Jeong
et al, 20000919} Zo] PPES-I ®l3 (Taga, 1968)olA HZ
z702 okt AL

2. OM=Fe 22| ¥ Y

Agd AHES 1759 A=2AE F C polykrikoides & 1%&
opabghe] Az g A B AAE F3o FHI}ILH,
2 99 10%< 199793 1999 Atolo) W EE ARE, SHHYE,
g5 s 2 g dA AFAASG 759 HolAES CCMP
(Provasoli-Guillard National Center for Culture of Marine Phy-
toplankton) ol A} #gwol &4 £do 2-Si WA (Guillard
and Ryther, 1962)¢1A Aldjujokste] ALgstgch AxPEY ¥
#% Kofoid and Swezy (1921), Shim (1994)3} Fukuyo et al.
(199718 Zzsd EFstdd 480 A48 nAzFE BF
R FFE, &5 20C, 33 80~140 yEm %!, 3571 14L: 10
DZ ¥ %3t

3. MZEH MY HFYxH

Micrococcus sp. LG-59] 24283 44 HAzHE ZAE]
#3td &%, pH, NaCl ¥%& B39 Micrococcus sp. LG-5&
ekt &4 dd AETE AT ZE wdzde 3 g
279 25T, pH 70, 3.0% NaCl $5£2 dAsgd 449 =4
o2 wWgy MIFds d4EE (8,000Xg, 4C, 10min)dty 2
4542 pore size 0.1 um polycarbonate membrane filter2 o 7}
3w g d¢FA71d A€ C. polykrikoides (1.2X10°
cells/né) <] 1% A1 @47 (Tissue Culture Flasks, FALCON AH
of 2047} =& AFse 27 MFZANA HF F AT F
o 4z84 (algicidal activity) & 33 42849 84 F
T E AN Y A28 L C polykrikoidess] BESHE BE
o7 solA #Feto 3N Fo Aoksle C polykrikoides
ANEFE AFSE bioassay§ 22 A8 gon g 4oz A
Al o W controll & Hl¥eiHel giAl e PPES-II
A AE Yol FAL

Algicidal activity (%)
Al wdod g & Htg AT
_ (1_ C. polykrikoides®] ME% ) -
Control®] C. polykrikoides®] AX4

4. &x 239 BY

4-1. Micrococcus sp. LG-5 B 20{2tl o] 1Cs2t &4

HZHzAA 1877 wdE Micrococcus sp. LG-5 ¥l%¥Y
(ODew=18)& YAEF (8,000Xg, 4C, 10 min)dte] F5A4& 9
T ¥ pore size 0.1 ym filter2 A FH3tQ}. o] GANE C. polykri-
koides®h 0~1.0% 713 002% A2 WolA C. polykrikoides®]
U+ BB E (specific growth rate: SGRYO| ¥t ICsx (mean of
50% inhibitory concentration)3%t& 238 H oM ICs» &2 593
R334

4-2. g ot¥Y

Micrococcus sp. LG-57} A4dte 39 4 ¢34E ¢
71 998, PPES-1I Al Ao A vt di4=F47] 719 Mi-
crococcus sp. LG-5 ] ¥% (ODgw=18)< A4&8 (8,000Xg, 4
T, 10min)¥ 4598 #3ld 7 ¥ 0.1 m flter2 TG bl
Feid g 121CAA 1583 7tdAESFA ) MG AT A
2 A7FEE (1, 5, 10%)7 B2 de] 4524719 C polykr-
koides (1.2X10°cells/né) 100mée] H7}3te 1243 ez 4
Z84¢ ZA#YY = dAYA G wgdAdE £
Z30z dYstd A g B2 At o 9 co-
ntrold] & PPES-II AAiAE 99} & 2P0Z 1,5, 10%7}
HA A7

- 4-3. pH ot¥AM

Micrococcus sp. LG-57F 4Atste 849 pH A4S Solr
71 93X, AFz2A0A g Micrococcus sp. LG-5 vl %] 3
d o] pHE 50 mM sodium acetate buffer (pH 2.0~50)% 50 mM
sodium phosphate buffer (pH 6.0~10.0)& AH$-3}¢] pH 2.0~10.
22 A 24A13 T 429 A F A pHE 8082
ZH3e] A2 E 2HAYT. Az 3L C polykr-
koides (12X 10 cells/mé) 9] Wi e Al #o} Zzte] pHE ZAHF
g FHa-g 147} & HAF3e] 2F WF2AAN HF F
48417 Fo] EA3Q ) o W controlel = 27t pHel et
ol HA g XA Y= buffer £4-5 AZFHYT

5. Eolojnt EAEY AxEd

Micrococcus sp. LG-5% C. polykrikoidesE 20C, %5 7] 14L:
10D, 3% 140 yEm~%7'9] ZA3tolA Ef ¥ C polykn-
koides7} €3] Abdd wjFdE AHEY (8000Xg, 4T, 10
min) 3t FFAE 01um filter2 A#AT F FoqdH FA
(ultrafiltration membrane system) (Amicon Inc, USA) 2 %9]4
#}t4ch. & MWCO (molecular weight cut-off) 7t >10,00091 o
Feto 2 38 FFF ¥ 10,000 MWCOS] A %E FHE A&
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1,000 MWCOS o#Zto 2 38 F&3ke] <1,000, 1,000~10,000,
>10,0009] 3709 HEoz YUt LY 74 L2 44
ET 21T 1587 7tdAE s t& C polykrikoides W+
(12X10° cells/me) o) 1% 7} H=E H7F F, 3719 27 Fzd
o] A wlokate] 48417t Fo) zZ+ EalRd 2L 2HSY
ol & controlol= AEY )4l 5% PPES-U AAuixE H7t
g &8 o] o) ¥2EAL C polykrikoides®] Y3+ 4ZE )
Wt IC, #22x FHEH2H IC, & 59 FH3A

6. HLME0| O|X= FHgt

6-1. s LMol Ol A& .

HAzA0A BHI GA iAo 18217 Aujatdt 1059 AFT

E 10°cells/né7} = 4mls) BHI AW A (07% agan)ol
H%% 4% va BHI ZAWMA (15% agan)& $o 23 H#
(¢, 90 mm)ell AA ¥3, Micrococcus sp. LG-59 ¥l e 54 25
pE F5% disc (¢; 8mm, TPYO)E HH $o lo] 30TlA
18A12E Wik F discF9lol B AS A3 FHE 3F
Aot AS AsNE) JHo] Smm o442 BEE positiveE T
B3

6-2. O|M=Fol 0lxc dg

Micrococcus sp. LG-57F #% oMz F o v e &S 24
371 95te 1659 AZREYR FYFAA A - xojg) Holz
g3t 189 HolBES 72 Wkt Micrococcus
sp. LG-59 W} gd g 10%71 = FFAA 4719 C pol
ykrikoides Wl 2 NA wjFstd FAHog 4z {FFE BF3
Aok & Ao AHEE U AZAEL 67 124 16322 BF
FagFE AHEE 2™ C. polykrikoides®l W8 Micrococcus
sp. LG-59] Wi g td o ICy, Fhol 0482% A A& D@3t W)
Foindle HEFEE 10%2 AF3AL

6-3. YA YWXof 0jX[= Me2|Ey A
6-3-1. A8 z=A
A FAZAA AHFY 23S GAE A8F2d FH9=R
30ty Al 18 (control, 1% FAE, 10% FoF)o2 o
B At gdte] QAFAZ L Micrococcus sp. LG-59 vl %¥o] =}
AL 1%, 1027 HEF AF3e ¢ X4 vXe 3471 4
2l 3 wals =AM C polykrikoides®l W& Micrococcus sp.
LG-59) wiokof ool o] 1C, gkol 0482% ¢ AL 2o vk
Hde HF FEE 1%9 10% 2 4A3AQTT old $2L 20+ 1
T, pH 7.8~82, E¥ 323~334%, £&444 75~78 mg/lR o
AL TE A A&Hoz daE FEHHILH Ao
e BTAF 800+£45g A 35+ 34cmBA ITFT K9
Aole YAt
6-3-2. Y xjF U MY 24
7t A9 257 FAAZ supeld dEae] ntHglel 1% o)
of ZE A7 vy A2 HH 2~3nle] AL A
HAAL A ZA) AAE YL AF FHo Yol fAR

F (8,000Xg, 4C, smind AN 7 AW AFH JE & #4443
Ao Micrococcus sp. LG-59) ¥ add] tigh ¥4 Y39
At whe-g Hrtatr] Y8 A 1nlE o] &34 aspartate
aminotransferase (AST), alanine aminotransferase (ALT), ga-
mma glutamyl transferase (GGT), Creatinine, Urea, 37%A'%
(Triglyceride), Total cholesterol, 2F 32, $8% 4 (Total pro-
tein), ¥, A2 (Mg, Ca?*, Na*, K*, CI7) 59 4333
RS BAENT 4§59 BN EFE84 Kit (F, FY49)
€ o) 434 Autohumalyzer 900S (Automated Clinical Chemistry
Analyzer Co., Germany) 2 43}
6-3-3. EAXZ

EE A2 £4 2 EAHYE SAS (version 6.03)E ©] &3
Aok A4 EAEY (ANOVAYE AAldte] 1§32 Aold did
AR ZAZAE 43R, o] AAHNA F 2F Alold FA
A Fo% Zol7t AASHE AF (p<0.05) Duncan’s testZ thH]
AR controlo] 3l F AHL (1%9 10% FA4L) BZol
gujgle Aozt deA, 2P F AP AoldE Fojdt Ao
7F =g st ZE AREL AR+ EEAR B
AFEL P<00sEd BAA F44E A

Zn ¥ 1%
1. Micrococcus sp. LG-52] ATEF MM HHzH
Micrococcus sp. LG-5¢] w27 wg 42829 44&

Fig. 191 Uehl Atk Micrococcus sp. LG-59] 4283 A4 F

HEEE A A3 20~30CoAM IR o) FZBA) 100

%2 Ad BAL Jellen 4T7A 85% o) 4L F

At 2, L2t W Z4E 2xgAe] Zadtd 10T

MNE 36%, 5C WA Es Az8A0) A At (Fig 1-A).

g pHol B 24Z2EF9 44%L pH 60~9.0004 2z284

ol Holwtan 3 pH 70°04 100% & B84 et

a2y pH 10094 € 68%, pH 50°0A < 48% < x84 ¢ Y

EHlon pH 400ME 4F2Ede) AFHJoU A28 L

20% o3tz #adHgd (Fig 1-B). 131 g5k g 4%
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Fig. 1. Effects of temperature, initial pH and NaCl concentra-
tions on algicidal activity of Micrococcus sp. LG-5. Al-
gicidal activity against C. polykrikoides was measured
after 3 hours.
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29 AAL NaCl 30% ¥EAAM 100%9) 4Z2EAE, NaCl
0~50%NA 90% o3 & AZHAL BT 7.0% o)Al A
AZ28A0) 747 ANFAdd 72%9 A28AE 100%94=
28%9 Axg4& 299 (Fig 1-0).

ol4e] AsE AR (Jeong et al, 200009 &%, pH, NaCl ¥
Zdl @& Micrococcus sp. LG-59] @ 347 2R Y, A=
T F4ol U FE Ax¥AE S7HsEeY pH 607 9.0
A 29 F2d H3 42840 FUFo R %A yegRon
NaCl 0~10% sZdXc aF4ETY 42EF Y4bo] &1
NaCl 70~100% FEolAe T5A9 vl 2xg40 AUy
o2 dkth 53] Ad gy A& ek AsEY elNe & F
Aol vl Gz8Ao) A el ZA Micrococcus sp. LG-S
T A5 % 7159949 F3AHo] 5 AoR HHd

2. Mz<| 2| 4x23o EY

2-1. Micrococcus sp. LG-5 bjointeo]l 1C,, 2t

Micrococcus sp. LG-5 | FqAdE #& vx2 A e
o] 34 AHEAAE Gole 2FH 0.1% F7IEAS o= 43
AN ER7t JEIE O, C. polykrikoides®] 47t AZES 59 F
o 50% FAAFcd Qg AXY o A2EA FEU IC,
2 04822 2 VeI (Fig 2).

2-2. & oty4
Micrococcus sp. LG-57F AAbshe

0.5

249 9 IPYL 2N
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Fig. 2. The inhibition of C. polykrikoides by the culture filtrate
of Micrococcus sp. LG-5.
*ICs; mean of 50% inhibitory concentration.
ICso was measured after 5 days.

ATE Table 19] Yebli et dX 23 Mgl gdE HFF27}
1% 7} SA 2718 9e AF 1243 39 314%, 2447 ¥ 797 %,
36A ¥ 946% 29 AZEAE HYT 5%, 10%9 AL 4 36
A Zh 24A7E Foll 100% AzxEHgen, dAEA ¢ vy
HAs Wig W vnHE o Y26 F3 Zole 9
o}, matA Micrococcus sp. LG-59] vl el e 121C A 15
B2 4ax8d Fox 4z8Ao) A3 HR %ol Micrococcus
sp. LG-57} AL, #H)3e 42 EA e dof) ul$ kA d ydA
242 Agdd.

Table 1. The algicidal activities of the culture filtrate of Mic-
rococcus sp. LG-5 against C. polykrikoides and heat
stability of the culture filtrate

Algicidal activity (%)*
Incubation time
24 hrs 36 hrs
1% 339 78.1 953 100
5% 83.1 100 100 100
10% 9.2 100 100 100
1% 314 79.7 94.6 100

5% 75.1 96.6 100 100
10% 92.7 100 100 100
The heat-treated culture filtrate was autoclaved at 121C for 15
min.

*The algicidal activity indicates the percent of lysed C. polykri-
koides.

Inoculation

12 hrs 48 hrs

Intact culture
filtrate

Heat-treated
culture filtrate

2-3. pH oHHM

Micrococcus sp. LG-57} B443te 4z2E3 9] pH 4342 pH
50~100 Atoldl A 280l 85% ol do2 Y eH, 53
pH 60~8.091A A 100% 2 A284& 29 224, pH 40
ot M AxgA o) WA #AdY pH 209M € 248% 2 7
4289 (Table 2). &, 428 FaAT Lo 4z
4ol gAY AN i HolAe Aoz JEyh
o]H & EAL Micrococcus sp. LG-57} A4tete 4222 L &
Gl A4 FE7tE Y NG FA B} A& ted Aol 2
Aoz gt

Table 2. pH stability of the culture filtrate of Micrococcus sp.
LG-5 against C. polykrikoides

pH
20 30 40 50 60 70 80 9.0 100

Algicidal
activity
(%)*
*The algicidal activity indicates the percent of lysed C. polykri-
koides after incubation of 48 hours.

248 403 664 925 100 987 984 912 863

3. Bleloint 2EW AXEA
Micrococcus sp. LG-5 194 & C. polykrikoides " ¥4 1%
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7t A2 g HEste] ERMEY F, C polykrikoides7t $RAE) A}
e okl s AR (8000Xg, 4T, 10 min)3te] I 452
0.1 ym filter2 FH3te] 1 ozl Fhejojata) o) A4 10,
000 °14, 10,000~1,000 Z 1,000 ©18}9) 3749 gRoz 2§ &
8 T A28AS AT AFAE Table 39 Uehigid

Table 3. The algicidal activities of the fractionated culture filt-
rate of C. polykrikoides-Micrococeus sp. LG5 co-
cultivation against C. polykrikoides

Culture filtrate

>10,000 10,000~1,000 <1,000
MWCO MWCO MWCO
Auto- Auto- Auto-
Intact claved Intact daved Intact claved
Algicidal
activity ++  ++  ++  ++  + +
(%)

ICx (%) 0431 0384 0321 0328 3216 3463

The culture filtrate was concentrated and fractionated after C.
polykrikoides cells were killed completely by Micrococcus sp.
LG-S.

++, strong inhibition (>90% death rate);

+, inhibition (>70% death rate)

ICs; mean of 50% inhibitory concentration, ICs; was measured
after 5 days.

28 70 B 22840 Ao, 4 £ dRE g gato
dAsA. F, £A4F 10,000 o147 10,000~1,0009 4= A4
2 dXNFPS W BF 90% oY & H4zEAHE HYPoen,
EAF 1,000 olstlMe 438 2 4GRS W EF 70% o]
F 22EAE BIoY AdFoz dxgAe] vl 7 B
¥4 ICy & e M Bd, £A4F 10000 o443 10,000~1,000
A AE ICs a0l 0321~0431% 9 W2 ¥ FXIME C po-
Iykrikoides® W3] 4% ANe S EAL, dAYAE dY 44
datA F%E W ICe &kl 7T Aol7b QA EAF 1,000
olgtN M IC, kol FHe A A% o 3216%, NS
m 3463% 2 e FdFes A% Aol ¥ston dAz
o A ol Aol7t BolA efsich. o4 4 A, Micro-
coccus sp. LG-57} A4tste AxEAL ¢ 7HA YA opd
Ago] g o7 QA EFELZ 4 AA & BFPEA
doll A UgH] EA2 AoHn goz 42EAN A4z
Zofl qg 2o 2AFY A77r gasidan A4
4283 @3 AFZ Sawayama et al. (1993)2 Alexand-
rium catenella®] A¥A S EZo| 700kDa o) d¥olz}
HI, ¥R - #E (1994)F Flavobacterium sp. 5N-3 #F7} B2}
F 100 oj3te] FAo] A AFA AVHEAL oRIFE £
8ol Gymnodinium mikimotoi (= G. nagasakiense) & F2A17
gz Bustg £ Yoshinaga et al. (1995) A% 10,000
ol4e] o]gAY nEA AxEAL AX 2 ¥uI5Y G miki-
motoig 2ZA71E Flavobacterium sp. E401 &F (y-Proteobac-

terial subgroup) o] tha} R33o9 Papke et al. (1997)2 cya-
nobacterium, Fischerella muscicolaZ%¥ fischerellin B2t= A2
& A2EAS £, Budded Fxk - AH (1999)L G. miki-
motoi 4ZAF (GMKB)o] AAtsle AZEHol ¥AF 64
kDadl 399 ZYE WRed o nEA 4ZER ol9d] 7|
Ao AR 2xE Aol AT A4ZXE YA Haddy B
A& o]y ATFABN & £ %e) A HxAFE
o] Aidte AZEAL qYa 1 EAFE AFF el 3}
ol7t B2 Aoz Algdd

4. Micrococcus sp. LG-57} s{LME0 0/X|&= L&

4-1. LMo DXl g

HFEAHANN FAAZA F2F 4TS e HFATA
Micrococcus sp. LG-59 &2 &3 X3t wjFo o] njx&
GgL A Aoz 1029 AFHTE WALE Micrococcus
sp. LG-59] #TE & disc FAHLE FAE ZHE Table 490
el A}, Micrococcus sp. LG-5€ Enterococcus faccalis, Es-
cherichia coli, Klebsiella pneumoniae 2 Vibrio alginolyticus®l
YA E 78S P\, Pseudomonas aeruginosa, P. fluore-
scens, Salmonella typhi, Staphylococcus aureus, V. cholerae 2 V.
parahaemolyticus®] WAME A& FTHE oA Yk}, wat
A Micrococcus sp. LG-57} A4 22E3L 4749 YA
T datd v dFo dEL ¢ 7 AT

4-2. DIMZRO DXl 48
4-2-1. HEZMI0f 0jx= g
Micrococcus sp. LG-57} 1639 AZA L vlX & 9% Ta-
ble 590 WFEV W AT} Alexandrium tamarense, Eutreptiella gymna-
ul

stica, Gyrodinium impudicum, Heterosigma akashiwo % Proro-
centrum micans®] WA 90% ol ARTAHE HYoH,

Table 4. Inhibitory spectrum of the culture filtrate of Micro-
coccus sp. LG5 to other bacteria determined by pa-
per disc (¢; 8 mm) plate method

Inhibition

Bacteria
te zones*

Gram Positive Bacteria
Enterococcus faecalis ATCC 29212 ++
Staphylococcus aureus ATCC 25923 -

Gram Negative Bacteria
Escherichia coli ATCC 25922 +
Klebsiella pneumoniae ATCC 13883 +
Pseudomonas aeruginosa ATCC 27853 -
P. fluorescens ATCC 17513 -
Salmonella typhi KCTC 2424 -
Vibrio alginolyticus ATCC 17749 +
V. cholerae ATCC 25872 -
V. parahaemolyticus KCTC 2471 -

*Diameter of clear zone (mm) formed around disc.
=, no inhibition zone; +, below 10 mm; ++, 11~20 mm.
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Table 5. Algicidal effect of Micrococcus sp. LG-5 on the growth
of 16 species of red tide-causing microalgae

Species Algicidal activity

Dinophyceae

Alexandrium tamarense +++

Gymnodinium catenatum ++

G. mikimotoi ++

G. sanguineum ++

Gyrodinium impudicum +++

Heterocapsa triquetra ++

Prorocentrum micans +++

P. minimum +/=

P. triestimum /-

Scrippsiella trochoidea +/-
Raphidophyceae

Heterosigma akashiwo +++
Bacillariophyceae

Cylindrotheca closterium -

Pseudonitzschia sp. -=
Euglenophyceae

Eutreptiella gymnastica +++
Prasinophyceae

Pyramimonas sp. +
Chlorophyceae

Chlamydomonas sp. +/-

Algicidal activity in each was determined after 48 hours of ino-
culation.

+ 4+, strong inhibition (>90% death rate);

++, inhibition (>70% death rate);

+, weak inhibition (>50% death rate);

+/=, no inhibition; — —, strong promotion.

Gymnodinium catenatum, G. mikimotoi, G. sanguineum % He-
terocapsa triquetra®l X % 70%, Pyramimonas sp.ol tf 3]
Me 50% Bxo] 4284 EA% 23y, Chlamydomonas
sp., P. minimum, P. triestimum % Scrippsiclla trochoidea< con-
trolZ} Hl528 83S BAX, Cylindrotheca closterium™® Pseudo-
nitzschia sp.d WaAME A8 4284& Yz E3n 23
g 43S FAAAG

Cytophaga sp. J18/MO01& S. trochoideaZ A& 10%9 wlA
255 AZAZAX (Imai et al, 1993), Yoshinaga et al. (1997)&
G. mikimotoiE 2ZA7)€ 28F9 AFANT L 2gder of
&9 22ATL T2F S costatum, Ditylum brightwellii®
Thalassiosira sp.o WA A28 & HolA] ¢ttt £ Lo-
vejoy et al. (1998)°] ¥ & Pseudoalteromonas® FFE Chat-
tonella marina, G. catenatum®™ H. akashiwo= AZAZAAW
Chroomonas sp., Skeletonema sp.% Oscillatoria sp.& 2% 7) A
xagoz Basg. olgd & SolAe 79 AxMEE
HFEAAN F BolHoE nAzF T & vHde
A& AAtg,

AN Bid A7 93d AY FAY AzATE F=2

g A Z gt AXEAE vl (£ FolAo ¥
), Ry H2E4 2oy 42AFL 5HY FzAEqu
AZ28498 Jehfo] £ SolAel U3 B3 (Imai et al, 1993;
Yoshinaga et al, 195)5 2 QIAT, AZMF Micrococcus sp.
LG-5€ AZEA ¥ 2zAZLNE ST AZP B &
ZEHE Yol § Bol4L AdiFdez Wit olg 22 ¢
deze A, AzxEdde 1EA 2 AR EFo] g3, 2
AFo] thE 47 sybuitEe] BF & EgFHoz2 4% 7}
4o doH, B4, A FZAEL 4 422 U A
g Zol7} A& 7HEAE AT & ) olH T AL P
a7 diAe g 4RATEY A2 H42BAY 729
E4 2 # Hg AZFY AES 74 A2 A - Agety
g iU E 9 24 AEAETHQ g 977 ey,
4-2-2. A - Xjoje| 80| NE0| 0]X|= AE

Micrococcus sp. LG-57} 3% n M ZFd vjXe 9F& 24}
371 isted FARZNA X - Zolg Yol AMgdte 759 Yol
AE A AYe A3, Iochrysis galbanas Micrococcus sp.
LG-59 o 8jA 43 e] 35909, Chiorella sp.8t Nannoch-
loris sp.e 7o) HOE FF S ¥ &SI, Paviova lutheri®}
Tetraselmis suecica 2-3]8] Aol A9l ow 53] Navicula
sp.%t Phaeodactylum tricornutum-< control 2.t} 30% ol 430
Z2= A (Table 6). %, Micrococcus sp. LG-5% I galbanaZ
A3 4¥T LE HoABd HIE g gAY 239
AFE FANA & 22ERE Az A FEA 58 4
4 Yol go nAe YT F& HAoT @udd,

4-3. YA Ao DjX|= MelEty o

oAf7t 2EHAE $ow i} A% Hy 2 AAFq et
A2 F o o]Ffd v|He FH 2EZ 29 9922 E hand-
ling, confinement, ¥4 % AT T AHH 8974 4,
T 9 48 59 843 2UE E 47 U9 & olfE 2E
g2y F8 #2wsle os Ui 2 Ae sl W3
AW FAAFol BHE 4#7F A (Pickering, 1992). Wb £ 4
e Az WAS 9% 2oz AZEAL ¥IIE Microcoe

cus sp. LG-59] wlgooel e FAA HEA 428D Fod

Table 6. Algicidal range of Micrococcus sp. LG-5 on the gro-
wth of 7 species of marine-livefood

Species Algicidal activity
Chlorella sp. CCMP 1124 +/-
Isochrysis galbana CCMP 1323 +
Nannochloris sp. CCMP 1122 +/-

Navicula sp. CCMP 545 -
Pavlova lutheri CCMP 1325 -
Phaeodactylum tricornutum CCMP 633 -
Tetraselmis suecica CCMP 906 -
Algicidal activity in each was determined after 48 hours of ino-
culation.
+, inhibition; +/~, no inhibition; —, weak promotion;
— —, strong promotion.
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2E# & 9 #7383 g ¥4 "W FA47] A ¥
+& A Ao,
kel g YA ALSFo 10%7HA F939e § 43 oF
F TR oAFAE BoAY AE A9 A8 Ao Mi-
crococcus sp. LG-59 ¥l F o) tig k4 g sty
HHe-& Table 79 UERAAT ASTS GGTY A% Al 2§
FY3 o)z} Aot (p>0.05), ALTY % control (54.38 +
1250 U/l & 1% FodT (7493 486 U/L)H 10% FoT
(73.19 £ 7.80 U/L) o] %3t &k (p<0.05). Creatinine® Urea$)
A A 2FT BEE Aolrt dFHA gron (p>009),
FRANT 2926 E, Fodd, ¥, A4 (Mg, Ca?,
Na*, K*, CI7) 92 Al 253 5A 3 Aol7k gidh (p>0.05).
ady FF349 3% control (17.53 £ 3.83 mg/dL) ) I3 1%
BT (4048 +3.15mg/dL)S FA3A =}3 (p<005), 10%
o (2459 £ 1.26 mg/dL) & Aol7} At (p>0.05).
Azlatd B4 g2 F AST, ALT ¥ GGTE T 71534y
&4l g W 2 FAN} Aedte A ABZA A7 A
28 e 8% 840 Rt 2o uAFHAY A 4
o] Veld o AXE 92 WEH ¥F Ao HoARE 7
249 fo] He 23 &4& ARFE ofFAHY g
gl o] &5 it ¥ AHeA Micrococcus sp. LG-5 W ¥ o
dE EAdF 1% 10% F93TY ALT #X7} control Bt} #-9]

Table 7. Physiological responses of Paralichthys olivaceus ex-
posed to the culture filtrate of Micrococcus sp. LG-5

Culture filtrate

Parameter Control

1% 10%
AST (U/L) 417% 060 492+ 105 364+ 010
ALT (U/L)  5438+1250 7493+ 486* 7319+ 7.80*
GGT (UL) 231+ 085 254+ 059 279+ 026
%ff}g‘/‘gf;e 032+ 008 025+ 001 031+ 001
Urea (mg/dL) 370+ 022 3.78% 023 441+ 037
T?ggfgf)de 1421944690 160.95+38.10% 136.65+19.42
T"‘a(‘nfgl?}fs)‘“"l 5319344492 4991045137  531.56+26.63

4048+ 3.15* 2459+ 126
4.66+ 047 477+ 051
2.52+ 001 263+ 0.04

Glucose (mg/dL) 17.53% 3.83
T‘”@gi‘;‘m 547+ 0.82

Albumine (g/dL) 279+ 038

Mg (mg/dL) 446+ 020  4.20% 030 470+ 0.12
Ca® (mg/dL) 1355+ 203 1267+ 104 1264 0.82
Na* (mM/L) 17825£15.10 167.50£21.30  169.50£21.43
K* (mM/L) 413+ 090  5.15% 0.60 530+ 013
Cl” (mM/L)  15175+157 1465 +2130 1414542524

All data was expressed as mean + SD.

* p<0.05, as compared to control.

*; p<0.05, as compared to 10% group.

Legend: AST, aspartate aminotransferase;
ALT, alanine aminotransferase;
GGT, gamma glutamyl transferase.

3 Asol AAAT A2 7% AEQ ASTS GGTY ZFHE 0
control® f¢]8 o7t fle AR Ko} Micrococcus sp. LG-5
9 W) g3 QA9 V% £Ao2E HUHA Yv
o}, 2ok oh@} A% AR (Creatinine, Urea) 9 F8 A3
AE (Mg, Ca®™, Na*, K*, C17) 9A A 258 gngde
Aol7t glev2 FoF Micrococcus sp. LG-58] %o 7l o]
XA YA o QA oW v A TgH L &4HA AHE Y2
NAE && AT A9 34 2EY 22 U gdFez2 4
AHE e 27I2 APY A28 B3l 224 A4
FFILE AEY27) FAAE 8§F Fxit Z7487] BEY
2EY 29 gate] ABZ o) gt (Ishioka, 1980; Olsen
et al, 1995). ¥ AFojA 2F32 FET 1% F42] controlF
FAg Zol7t AN 10% FAZL FAT Zol7t YAL, 1%
odF F 179 YA 92 UnA AAEERY 4uFez
& 2 FE (6268mg/dL)E BY02H 1% F9T9
Eii A2 FE F74 4ol HAUI & ole A
g Aoz g4ddt 1} ojs} 2 UF AALY Ffolst
dojuteA] A AT AAVCEE ¢ F YA FF o] ¥
o dE Axgle A48 §¢ w30 Bastelsd 44dd. ®
3 oile A 2EY2AE ol AgA T2 Feho] o
ojvte} Fuw Aol A RuE i 3lr} (Robertson et al,
1988; Ishioka, 1980). E& 4% % FxH¥ste 2 #7429 A
E2 ARHR dx F#e] 23 W2 Ao FLAHE
E S 9en gitdeg 9gEAd I3 Tade Aoz 4y
A 99 (Ito and Murata, 1990). & AFMe AHE (Mg,
Ca’,Na* K', CI"), 399 d% 9 42 v vay PN E
BoFoa,

w2k 44 gAo] vl A& Micrococcus sp. LG-5 ol F 9
o AEH FFL Hoks & o ofw v AedFolu £43Q
FAE gL XA F& Aoz wuE FF Micrococcus
sp. LG-5 vl e lel o) A&7 Rojyl 44 o Fo v A
Hae g 19y 9 A5 23 F9 st g 2o 4
E9E 47 g ¥ A7 (in si) 7t Yo dtthn 444,

o)4e dF A 4ZMF Micrococcus sp. LG-55 S ¥ATE,
A - zpole] HolAg B 2 YA fFald HEF 9FL ¢o
7NA 4& Aoz AE=HY Micrococcus sp. LG-5& FAZ T4
e $Ase HAAF 7] G2 G AN nA= 9F
£ $8Y Bt old Foiy, AR ASAE Hold 2oz B
Gt T3 A2HB g Fxg4ol A3l FxEgAe) 7
gEod AzeA dAd ¢& gA HIE 5 YT Rtk
a8in ¥4 449 EAX A2 pre-monitoring 71 &N EE 9
3N FZAEY DNA probe LS 58 Az¢A 4279
§P7 AT EAAEE 94 DNA probe BT % in
situ hybridization (FISH)®H ) /Mg & QoM AzAT
o] Fejuote] A5dtE Holx wtEs uwtel sHFe FF
dNE HzZ 98 FAFY AHE 29 F Ug Ao, oig
#ol AZATEE )83t 24 290 fle AQNY 231Y, B
A8 HzA Jigy MRS AdiMe doz A

E
=
2 2F3
==
3¢ 253
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A Ye dzATY Jz¢y 2 2E8A4 BE AAL
HEY Fo)E 4 TSRS I A dF d7E FE3
31, dxAde 42 3% AFF 24 2% g ¢F
ME R ARRAY A} F2EAY FA, B4 24, FREA
2 22AUA A 24 S T AFN, AUE FFE FUAT
© 3R7IE€ A, Z27RY dEF g A &
SRS AdetE YA 3 SRR A 7lde & Ao
o 2y, HxgA JlehEd ddtd AE TR JHeR
2z284¢ Miste A FRAAT T A AzATY
HZ Foi7t dFARA mAe FEFR7E dYFojop & A
old.

I

HZAEE H2A7e HAYAE Micrococcus sp. LG-57F &
Adate Axe] 2o 2xEAY A Az, AxELY A

7 #ojels £Yd 4284 9 HPAE e S 24

FozA Ay =318, 87 133 FzdA slede 7]
z A8E AFdax A7¢ 2945 2939 g2 2o,
Micrococcus sp. LG-59] AXE3 44 HF 2+ 20~30CE
x4l 100% 920, 4284 44 44 pHe 70, 24 ¢
FEE 30% 4T BF AXY &8 HZEAY IC, &< 0482

%5tk AXS 2o 42EF9 4 IS 49 AF-gH

28 W Fei el 1% FA7HA 122413 Foll 314%, 2423 F 79.7%,
36A T 946% 9 Ax2VAHL BYN 5%, 10%9 A% 47 36
AlZE, 24AMZE Fol 100% dxHPow, AelEA] g wjgd
Tl Wl we vndE o dzFHd) FAF Aol Ut
o]} 2ol Micrococcus sp. LG-57F A4}, Fulale AzEde
dol A WEAY Az Addd £ gAMIES pH 943
AL pH 6.0~8.0°0A A 100% 9 AZ28AL BHen pH S
0~10.0914 AxgAo] 85% o422 el AZEFL A
% 7oA A2l HAAY BT oo A £
ZHg >10,000, 10,000~1,000, <1,0009] 3709 £§ 25 4284
ol lgem 7t ¥y BF dol ditd] dASAT 7 2 IC
0 e BEAF 1,000 o]l ZE 28] UdEgoen 24
1,000 o3l ddFor Y2 42EAHS Bk
Micrococcus sp. LG-57} S FAdol vjxe 9L E. faecalis,
E. coli, K. pneumoniae 2 V. alginolyticus] tisjXe 78S
BJovl P. aeruginosa, P. fluorescens, S. typhi, S. aureus, V.
cholerae 2 V. parahaemolyticus®] Wis|Ae 23 Fa8E Bo|
7 gttt 281 AR E VX e YFE A tamarense, E. gy-
mnastica, G. catenatum, G. mikimotoi, G. sanguineum, G. impu-
dicum, H. triquetra, H. akashiwo, P. micans$} Pyramimonas sp.
o daiMe 4284 E B2y Chlamydomonas sp., C. closte-
rium, P. mininum, P. triestimum, Pseudonitzschia sp.%} S. tro-
choidea®]l WalMe 24XEHE HolA &th &, AZAE
upe}l AzgAdo] FA JEhd F FolAo] wstth HolAE
o] mAe FFL I galbana® A3 APT ZE Yol Y&

g g%l AAY 238 4RSS FANH T, BF FzAT
HF A& YA AAF o 10%7HA T3 AE o 32 g9
fAe F3lF AETE 9L YU o4 AT A AxA
T Micrococcus sp. LG-59] ¥ @i f & ZAHE HZAES A
A AFAE, A - Aol HolBE R ¥ YA FAT 4T
& AR g Aoz word,

At =
2 478 F95td o 8% 4L AT 4+ YES @
Za F4 GRS A99 A4 e BRI,

ok
ki
HO
rok
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