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B4 cyanobacteriaZ} -+ 3= 3 3] ol A fluorescent in situ hybridization (FISH) ¥ £ o] 43} A FZH F
Z2E 2A8Y S 2A7I 75t 2ATSE 0.6~1.3 X107 cells-mi'8) W) 2 o) =5 Vet =, 24 FS5
o)l o &k eubacterial groupe] X}A 8} ] 8-2] 79 29.8-45.8% 2 22 XX E AR s} T2 FXE BH
3 A3, agroupe 1.4~12.5%, Bgroupe 0.9-4.9%, ggroup-> 0.6~8.3%, Cytophaga-Flavobacteruim group-
1.0-8.3%E el o] B & Fojl A AL 7} groupo] A 81 6] &2 F T A A 2.2 unknown eubacteria®]
H]go] Eoket. o) &t THFRE dutH 02 o2 oA dehts Al 79 FHFRGE o2 FHFE
o|m E-3], aggregatesel] ¥-28 A7 ZH T2} wl5q Aol N &, cyanobacteria®) 24 o] Anabaena 4o\
A} Mierocystis .22 3 0|7} Dol F A7) el Cyrophaga-Flavobacteruim groupe) A F718te= A0 2 Jehl} A
TZRY) 27 AEEFIEY %L ¥ Aoz JAEYs
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12 A, A8 Tl FYHEE NFola, A 25 54
7t FEEE Aot Al Y25 3 R AHE A 2
AR, FAZI1HE 20023 39 21 9RE 59 18 Y7
dFURAc R F 10 3] HA] 5t

ME M| ¥ 0

AFEAE 93 AF5e= FFN 4.0% paraformaldehyde &
BE A8 1/40] HA Friste] 1APN, ABSHAE B
A& 93 AFEE lugol BHOE HEFET} 2%HA 1A,
AgAz st

AIBERIEEY

AEZFAEY MASG 542 Sedgwick-Rafter counting
chamberE AHE31] FEERF o2 Arslfy, 53] TAE 3
Aohe HR27F9 7ol 225 413 7)(28 KHz, 400 W)E o]
43l A GUHETE e FH NIEFE AF ST 25
9] FRL AAFFRFEG), BRETEZ=T)) et £

BT

EME+

FAETE FISH ¥HS 283 § DAPI (4-6-diamidino-2-
phenylindole-2HCI, Sigma, St. Louis, USA)E 23 G435l
FaTH(14).

M2 ¥ F=(FISH)

Al L eubacterias} proteobacteria®l] 53l Al 5 o, 3,
ygroup, 12T Cytophaga-Flavobacterium groupS U1 O2 =3
3pa, o) nAYF ASE FY1EEYYH ATE wojyr)
At 229 AA728kHz, 400W)E o]&3te] 20 E7b
sonification+ ¥ 5 ym membrane filter® prefilter 3t thS I
o] AFR3IAT} In sitw hybridizations} 3ol A9 probest Whe-Z
A 5L o] By W78l whet FasiNa, Alas ¥
o] 7 (Olympus BX60, Exciting filter: G, Barrier filter: 0590,
Lamp: Mercury lamp HBO 100W/2, Osram, Tokyo, Japan)S- ©]-&
ahtom, AlE 4= 20 74 olkel Shgel HEake TakAc.
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HA3AN 83 2758 F 8HK0F 52757145 ¢
ZAldo] 24, FHPRZFI} 1 £02 A ZAAA |,
2 39 & 29 A% HSSATh MASE ATEYE AL
AL 0.1~1.7X10°¢ells - ml/ ™' F9I2 59 2 Lol 71 w3k,
49 26 Y3} 59 23 Uoll= =2} 17X 108, 1.4X 10%¢ell - ml 2
o}F A FUhsted L At Qe 3438 WEE ERIAD.
FAE 2R1-8- 0.02~2.1X 108 cells * ml~' M2, ZA} (A7} v
28 BEGo} 241 1AM Hx ke 29l 49 26 Yol
= AEEFIE AT} 003X 10%cells - ml 2 o5 Ro} ]
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Fig. 1. Total phytoplankton number at site 1 in Cheonho reservoir

from March 21 to May 23, 2002.
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Fig. 2. Total phytoplankton number at site 2 in Cheonho reservoit
from March 21 to May 23, 2002.
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Fig. 3. The ratio of each group to total phytoplankton at site 1 in
Chenoho reservoir from March 21 to May 23, 2002.
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Fig. 4. The ratio of each group to total phytoplankton at site 2 in
Chenoho reservoir from March 21 to May 23, 2002.
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o] F3E FIHY FT Aol dAdel el 53,
cyanobacteria®] 739, FAl 1 HNME dnabaenasso) 477~
73.5%, Microcystis&o] 34.2~96.8%% E3] Hol7} vly= AlY
Q1 49¥ 26 Dol Microcpstis?r2] H&0] 96.8%Z w9 ZUr)
ZFAF 2XAe) A9x 49 26Y olAAE  Anabaenadio)
47.4~78.2%, O Fol= Microcystis:©] 58.2~81.5%2 ZA} 144
3 ¥l5% EXE B ATHFig. 3, 4).
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Fig. 5. Total bacterial number in Cheonho reservoir from March 21 to
May 23, 2002.
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Fig. 6. Distribution of bacterial communities at site 1 in Cheonho
reservoir (ALF = Proteobacteria o-group, BET = Proteobacteria 3-
group, GAM = Proteobacteria ygroup, CF = Cytophaga-Flavobac-
terium group, Others = Unknown eubacteria).
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Fig. 7. Distribution of bacterial communities at site 2 in Cheonho
reservoir (ALF = Proteobacteria o-group, BET = Proteobacteria -
group, GAM = Proteobacteria ygroup, CF = Cytophaga-Flavobac-
terium group, Others = Unknown eubacteria).

Eubacteria 72| & MizZ4=0) it v] &

ZF AlTF 5 eubacteriadll ol &3l AlTFe) vlE&L AF 1
AA] 30.9~44.8%, A 2904= 29.8~45.8% E-EE HATHFig.
6, 7). AZ AN FAT<l th3F Eubacteria Aol £3h= A
T2 &L 50%0)5He) e BEE Yeh i AR 5
Z ¥t gisich

Mz 28 7 #st

T AETE 100%E B3& W eubacteria2] FAE AT
THEES AHRE, XY 1904 agroup 1.0~2.8%, B-group
€ 09-25%, ygroup 0.6~4.0%, Cytophaga-Flavobacteruim
group- 1.0~8.3%E WERNUTHFig. 6). AF 2914 o-group®]
1.4~4.3%, [group®] 1.0~4.9%, pgroup 1.5~6.0%, Cytophaga-
Flavobacterium group< 1.8~6.9%% ZAIE AtH(Fig. 7).
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Fe Rk YNkE 0 7 cyanobacteria®] H T FF== 25°C
A Foln, e} 9 avlm 72 ARkl EAE W 343
2 ARG Fkske Aoz delA vk 2eu B AEs
ZAF 2700 0] 14°CE Bkl B33l dnabaena
%9 AAF7t Bk

Z S0y TEINA AZEHAT] FTHIE AFRE AT
A, $o0] 15°C o) He A171¢] 5 YRE] cyanobacteria’} 2=
Ha}lr) A2tk Bl W F4)e] AEEFAEY T4
o tigh gN&7 2= B9 YIS 2AKR 7, 559 10°C
2 ul® 2o 2T o)A cyanobacteria® Phormidium 4] 3
slgoin BEstaTh. %, Oliverst Ganf (23)E cyanobacteria]
Aejets E3ol @) 71&35tw0l, cyanobacteria’l EF& 2%
£ Mz3la, F3EA AdEA Ml d8E Helvks o859
AsiA dx5kx] LEchy w238l cyanobacteria’} ¥ &
ToAME gEA & A2 BTk

AEAY] FAFF S 0.6~1.3X 107 cells - ml™'e] BHE e}
U o2 3550 Hlg) v 28 FFo|dlen, Av Aol
UEelG AlFEe] Boko| TiE 5] uls vl Zich A= <
2y A2%TAA cyanobacteria?} -FH3PH, 15°] EHlghs 3}
FEA o) FEEFAES] Yol MFo] dojdril R
Bl itk &, gF S(3)0] 24T Adset AgAde Ad
A A WslE #2335 43, cyanobacteria’l g A17190
FATS Fe A 0, A A AR Ao vEE
9], 0] AFANXE cyanobacteria’} FH|5hs o] 3EEE Fol
o8 FEZEFAEC) AZZTHALS o8 ¥, MTFES
o] 8319, 53] AR oz Av7t AL MaES 44897
2o Aoz AHo] & Aol B AoE Bk
B AFZAA|E cyanobacteria?} & Foljderng ¢H 4
T} v152% 237 YERd S = oY, &, HEEFIEC] A
ol AR o]&& ¢ U= AREAF FVIES ol Bulsk,
Algo] WA F3 A3, Al Al 20185 SIS
7FsAE ok olgdt AxE £v HEs] s Helixe
FE3 HEVL HaE F o= AzHET

ZA 5ol S eubacteria®] B2 AT Ao =&

oksitt. 71& ATARE AHEH w5 AxYol FteA
5~-40km iR sl x] FAKSH A}, FAHTT F eubacterial
group®] ZA|EHE BISo] 55-88%F UFEREI(12), 29&
Cadagno 52| chemocline F-E-l| A& eubacteria®] Bl&°] &
AT 38~90% 0112 (25), THL AN AXF Tl
MeE FATS5 40-81%7F EUB 338 probe} WHE-g Zlo g

UEhsthe), Zlel N HEE d7es, A%l A9 4TS
o Uik eubacterial groupe] M1l oF 30.6~88.8%% LIEIREL,
@20} Baikal ZollA AR Aol M, 43.0~89.5% LRt
7). 2 A3 ANA AT EATE ENENE 2Ed, F
Aol i eubacteria®l Bl&ol 50% olatz WA JERET,
o-, B, ygroupd} Cytophaga-Flavobacterium group?] H]-&-0] uj}
£ ol AUiF o2 unknown eubacteria’} -3 AEHE W
At} o)eigk Bake F(7)0] 2T MFEHE AT 2
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3, 7H&E cyanobacteria?t $-HI Al7)ell FAEel] I
eubacteria AJTO] AEHE Bl&o] 40% A T2 ZA AT
Ao} X g}, o] AT M= cyanobacteria7t EHISHE S4
59 9FO = eubacteriad] &3t ATol HANUES VS
A F3kATE A S(1)2 HAHENA cyanobacteria®] F4]o) mHE
RAETF o) Wsle ZARE AF9)A cyanobacteria7t THERE &
F9 AE Al 48 Bulste Ay 7t st B
23le] o]#3 7Fe S s, B RAME ZAPIZE F
ot M & A7} cyanobacteria?t A -3k A7) Wl Lol
A AFHD AFEE(1,7) HI ARt vehd 208 A7
Aot =3 ol3 A F F(8)°] BZZoX sediment trap
O & aggregatess 3|3t olof] FA( MIFHHTERE ZAG
A7}, aggregatesoll 23} AliF F eubacteria”} AFA|SRE HIE-0]
ARG = 9.0-32.0%2 Wi WA vehd A7 v FA
2=

Aggregates= F718°] SHE deEiE T3(10,18), ©l
aggregatest= FUGF Tol "¢ FH3ch AAE BFT A
aggregatesol 2] BUFFE AL FAANA Y FUEF} vl
Wake] B A3} aggregates ABONA F20 FEE I 5008
T} zo)7t U, B2A 4 B F3 aggregates AB7F EA
gollA Bt} HA ZAE ] aggregatess] T F71EC] wi¢-
S TEE EAslE e ¢ F AUTE). o] ATelME &
olo) FE7t A1 040mg - 17, FEA T FHIL 561mg -
7 JEA 9] ARE 3573340 mg - m Q2 THE &Rl 13
Aopte)rt e TFE YERKAE HAA]), 3EE aggregates
of Ralgl MFTRAY vigt oS Bl Ao AzEn =
BB R 9] AB-ZFAE AT 10%¢cells - m/ ™' o]F2-S TG
& o, 3-8-A D (free-living bacteria) E U= -2+ T (attached
bacteriay=°] o] ZA3HE 7Fs4=E W =k

Hugenholtz $(16)2 wiol] ©13 o) obid rRNA treed]]
7]235} Domain BacteriaZ 36 7R9] division® 2 EH3}9 =),
o] Z proteobacteria’t AtFE7 ol Bo] ¥ sh= AoE HiIs}
ot webA FISH BH-S S 2837] AFa aF 27]dl=
Proteobacteria®l] £3H= AT groupol specificd+ probeE 703}t
o, 7bF A o)l g3tATt. FAle LI sequence ©HOE
Proteobacteria ©]2]o| = Planctomycetes, Actinobacteria 5 2 7}
o] probe} T ZHEE Aejoich wEhA, £ AT AHEH
probes} ZAFE|R] €8S unknown eubacteria®] HlEo] FUE A
& s, FF ADA L AFEds 2ABHE BE, 53
B 248 Gt 2 5549 A9l @A MEEo
de EE probeE AMESol £0] et AdERTRE #Het
34 S Ao AlgHTE

I, unknown cubacteria®] Hl-&°] A W& Aol A,
DAPI E47} FISH 30l 7HA1 Qe B3 daA o] 123
B 4 ik, FISHE U2 EAAESHE gl Hig] AA Ao
waA AFEEE Hod = s FHol AR AEd RNA
FHgko] v Aelo] Ay MEHo] 7L 4% probed] HF7}
o]@ Y HAZo] HA & 4 Uk &, Aol old YAE=
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DAPIY) ofEid Adsa, 870 Bol EAsks vlojElaEx
Ag & 7] wiiel EFAwrrt dumrt 2 4 s 7
e wiAl & 4 gith13). 2YER olF g"d Ao,
FISH & 283t Ao 725 =AML dole
prokaryotee] E-0)2 02 AJSH= gene probeE AFS-EH] FA
a5 4T & e S aefslor & Rolnt.

o] AtellA vebd MuatH-E Cytophaga-Flavobacteruim
groupS ALSIE 2% W Fo| HIEE vl SiA ZAMEAL,
21§z} AT Blszated, ZARAHTRY] Aolw BEEA 4%
ot AR WsEs #ES A7, Sold sk J& 2]
20°C o] o 2 A53ld 49 264 FAMAM cyanobacteria®l
LHZE0] Anabaena £NX Microcystis 4792 o7} oWt
o] Al71ell Cytophaga-Flavobacteruim group®] =LA 7}tk
= Zelth. AF7AA 4R vl &3lA  Cyrophaga-Flavo-
bacterium groupS T2 5.7|Z2710)A] TheFet 71A Bl ol
e Aoz BWIHEYOM(9), Kirchman (19)S A EZeTE0]
ik A3k A7) 2BAF §71EZ0] S78PAA Cyophaga-
Flavobacterium group®| Z71F ok B astsT)

B AA RN A, Cytophaga-Flavobacterium group?] Z7h=
U2 o] AR 1 3 E 4 vk A WAE dnabaena
&ol -3 & AP, Tl R JAAEHT] AFBIHA] o]&9
AHAE Ealsr] 98l F7HE Aolth. Kirchman (19)2
cyanobacteria”} AFEE ¥ 714 HAHEC ¢isid of, T2 A
ol B3l Cyrophaga-Flavobacterium group®| T RZFSHA] ¥H3-
ok B 11819912, Van Hannen $+26)°] DGGE {2 Mt
+3& ZAEE A AM S cyanobacteria’} WAIE Fof
Cytophaga-Flavobacterium groupy] band7} 7178 Zo] Jelgt};
3 Buste] o]yg rbsAdE shERls|Fa Aot

B OE RAE olAZIell Microcysis $:0] A7 W/dshaA
A Z7H0E JhsAdolnt olEd JMdE, B AgeA] vERd
Ao o] aggregatesol] F&gH Mt AT A AHE VB
WA 3 AgAe] A & 4 Ut Aggregates®] A2 FH
3t expolymer particle®] EAZ Q13 A=, HZoe HES
Ha e o EH|E= polysaccharidesZFE AT = particle
oM RHATIL Frh21).

Microcystist= 1% 22 JFEo] AL olF2 don o
F9jole: A B2 g0l Bsel k). Cropha-
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o A& Alg wojd F At 2y ofgt M
Microcystis7t ®H3= Hhol o) Alite] E4go] A€ th=
ol Hi(1,3,7F nHE W FF ¢ ArHoixor & FEo
ot &, MicrocystisT9] AAEAES Fafstr] S8 B2e=
Algge] A whe 4 Q17| wEolcth.
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ABSTRACT: The Bacterial Community Structure in Cheonho Reservoir Dominated by Cyanobacteria
Sun-Hee Hong, Sun-Ok Jeon', Tae-Seok Ahn', and Tae-Young Ahn* (Department of Micro-
biology, Dankook University, Cheonan 330-714, Korea, 'Department of Environmental Science,
Kangwon National University, Chunchon 200-701, Korea)

The composition of bacterial communities was detected in surface water of Cheonho Reservoir dominated by

cyanobacteria, using fluorescent in situ hybridization (FISH) method. Total bacterial numbers were very high
ranging from 0.6~1.3x107 cells - m! ~!, whereas the ratio of Eubacteria to total bacteria was 29.8~45.8%, which
was lower than that in other freshwater ecosystems. On average only 2.1% of DAPI-stained bacteria were

detected by FISH with probes for ¢, B, and jgroups, respectively. Unknown eubacteria which was not bound to

any probes except EUB 338, was relatively high. On the other hand, the Cytophaga-Flavobacterium group
increased following the change of dominant species from Anrabaena sp. to Microcystis sp. This result showed
that bacterial communities could be affected by phytoplanktons, especially cyanobacteria.



