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o2 ZHATHI).
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filter (Nuclepore, pore size 0.2 um, @25 mm)ol] ¢33} DAPI
2 gAste] Al &3 |l 20 field2HEH 4 75
o] HitgroZ Akt o] R viejag 2ketett

Mz 28 7= 23&

NEE HH 2500 pl~20 ml) polycarbonate membrane filterol
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7] FollA 23T oW aggregatest| F= 7150 B3l
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EUB338, Proteobacteria o-group®} Z238l+= ALF1b, B-group¥}
A3Fsl= BET42a, y-groupt A$H8E GAM42a} Cytophaga-
Flavobacterium group®} A= CF probe©] 2121, rRNA
probe B71XE-& olv] Bug W 2,500 we} 37 AlAeR
(TaKaRa, Japan) tetramethylrhodamine© % 3£ A] S} ).

Gelatin coated slide glass®] A&7} 2AHE filters: 23 E2
&) 16 w2l hybridization solution(0.9 M NaCl, 20 mM Tris-

HCI(pH 74), 0.01% Sodium Dodecyl Sulfate(SDS),
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formamide (5% EUB 0 %: ALF 20%: BET®} GAM 35%:
CF 15%)< A7}s 3 2 pl9] probe(E% 25 ng s #H7}
3tATh5). EAES 2 412 T hybridization chamberel]l ¥l
46°Coll A 9037t wiFsATE ek ¥ 48°CE w]E] dEH
washing &99(20 mM Tris-HCI(pH 7.4), 5 mM EDTA,
0.01% SDS, NaCl & (%% EUB 0.9 M: ALF 0.225 M:
BETS} GAM 80 mM: CF 80 mM)ell filterS T $ 48°C
oA 158 B Al Ao SHFE AHL F 27 T
oA A=A ATt E3] Bgroupdt pgroupS M2 IHISIEE,
7H3S wjAlEE o2 B-groups FAE W= non-labeled
GAM42a 2 piE $HA AHESEal, pgroups FAHEY de=
non-labeled BET42a 2 uiE &7 ARSI TH20).
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0590, Lamp: Mercury lamp HBO 100 W/2, OSRAM)S ©]-8-8}
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BFge Ak

2 o

dofiRel PELa s

EAROM Y FHAALE 49 0 m, 5 mollA 27} 223, 2.14
mg 'O HZ=abA] ViR, 20 molA] i WA EARE
156 mg - '9) 23} k& BAch 68ol= 0 molA] 1.89 mg - 1,
5 molA 1.66 mg + ', 20 mAlAE 2.16 mg - '], 98ol=
0m, 5m 20 molA Z+2t 212, 257, 1.32 mg - I'E BHEA
o}

Aggregater)| 82| 7-9-= 49 5 m trap AlEONA 3195 mg - I -
em™, 20 m trapA Ba= 35.18 mg - em™ 2 BAIES} T HTE F%
= uwslel B ZAP|ZEE aggregatesoll A 10~ 174 =A] o}
Pttt 699 A 5 m trap, 20 m trapellA] ZHzZ}F 10.23, 33.06
mg * cmollar 988 23,54 mg em™, 56.90 mg cm 2 YE}
W TH(Table 1).

EAgoA ZEEE 42 0 molA 0.037 mg - om™, 5 mo]|
A1 0.030 mg - ', 20 mollA 0.026 mg - 0.2 FEHATE 620l
= 0 molA 0011 mg - ', 5 mellA] 0.012 mg - I, 20 mollA=
0.015 mg - I'o1A3L, 9¥olE 0 m, 5 m, 20 mollA ZHzF 0.030
mg - ', 0.025 mg « I'', 0.028 mg + "2 YEPAT} Aggregates Al
goM= 59 5 m AlBA 34 mg - cm?, 20 moll A= 4.760
mg + em~ 2 FAME0] Bl 02 ZARA|ZIEURE 418 Ao
7F 2x] ek, 62l 5 mollA 1.6 mg - em™, 20 moll A 6.6
mg + cm 2 YEREIL, 98 FAMIIAE T30 5 mollA] 2.2 mg -
em, 20 mollA 4.9 mg - em?e] AIghS BAY FA|B oAM=
BE ZARIA 0 me] Z$-5 0.011~0.037, 20 molA4= 0.015
~0.026 mg - 'E YER} F219] F5 SA] agpregates Al FE
= A59} HitdhS vw3PA aggregatesoll A 127~3158)] =&
Aoz ZANE 9 CHTable 1).

2 AlE 954 av 4% 0 molA 577 mg - m, 5 mollA
27.0 mg - m—, 20 moA] 162 mg + m~E VeI 6¥o= 0 m
ol 55 mg - m?, 5 mollA 11.1 mg - m™, 20 mol A= 13.1 mg



294 Sun-Hee Hong et al.

Kor. J. Microbiol

Table 1. The total nitrogen and total phosphorus concentrations of water column and aggregates in Lake Paldang

Water column  Depth (m) TN (mg.”") TP(mg.™") Chl.a(mg - m™)

Water column  Depth (m) TN (mg.™") TP (mg.™") Chl a(mg-m™)

0 2.23 0.037 57.7 0-5 31.95 3.43 2779.5
) 1.56 0.026 16.2 .
April, 1999 April, 1999
5 2.14 0.030 27.0 0-20 35.18 4.76 9044.8
Ave 1.98 0.031 336 Ave 33.57 4.10 59122
0 1.89 0.011 5.5 0-5 10.23 1.59 409.9
1.66 0.012 1.1
June, 1999 June, 1999
20 2.16 0.015 13.1 0-20 33.06 6.62 1668.0
Ave 1.90 0.013 9.9 Ave. 21.65 4.11 1039.0
0 2,12 0.030 14.2 0-5 11.77 225 748.1
5 2.57 0.025 14.4
September, 1999 September, 1999
20 1.32 0.028 22 0-20 28.45 4.87 1784.5
Ave. 2.00 0.028 10.3 Ave 20.11 341 1266.3
Table 2. The total bacterial numbers of water column and aggregates in Lake Paldang
Water column Depth (m) DAPI Count (cells - mi™") Aggregates Depth (m) DAPI Count (cells - m/ ™)
0 1.1x10° 0-5 2.7%10°%
5 2.0x10° .
April. 1999 April, 1999 .
20 1.1x10° 0-20 3.6x10
Ave 1.4x10° Ave 3.2%108
0 1.9%10° 0-5 2.4x107
5 1.1=10°
June, 1999 June, 1999 ¢
20 1.0x10° 0-20 1.7x10
Ave. 1.3x10° Ave 2.1x108
0 1.8%10° 0-5 3.6¢107
S 1.8x10°
September, 1999 September, 1999 ¢
20 1.2x10° 0-20 1.5x10
Ave. 1.6x10° Ave. 2.6x10%

m>3Yarl o€ H- 0 m. 5 m, 20 mollA ZHzl 142 mg - m
144 mg - m*, 22 mg - m™ O & BAFAC} Aggregates 5 A&

9] 5 mollA] FEAL a4 T 27795 mg e m 20 moll A E
9044.8 mg - m = FAMEALE 68 EAF 5 mol A= 409.9 mg - m
2.0 moll A 1668.0 mg - m & LEREL, 7S] 9ol 5 m
oA 748.1 mg - m™ 20 moN A= 1784.5 mg - m™Y] AZHS K

O 9% a0) e E30] HAF wap 2wt Aol HAH wap
oM o Eeghd dEIda, BARS B st

aggregatesOl| A 105~ 1748 © ¥4 YERSATHTable. 1).
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<}

e l’ T Mg AR, 4 s
Slo] AAZ o7 H=3t F-¥E HAYTHTable. 2). 49 0 mollA
1.1X10° cells + mf™', 5 mollA ]l‘; 2.0x 10 cells - ml', 20 mof|A|
1.1X10° cells - mi'=2 YEPSTH 69l 0 m, 5 m, 20 mollA]
232} 1.9 10° cells 1.1 10° cells - 1.0 10° cells -

‘~l

ml™", mi™",

mi '] A3E W) 712-EQ] 9ol AAF O R 12~ 1.8
10° cells - ml '] #2328 e SACE WA Aggregatesoﬂ R Fiy
o] FAlTtrE B AN BAIRRT 52 s BT,
5 m trap BT+ 20 m trapoll A U] @e- A/} =4 ]‘ii@r 5 mol]
A= 24~27X107 cells - ml'2 FARESIEL, 20 moll M= 1.5~
3.6<10% cells - m/ '9] B-¥E RATH

E M0 L3} Eubacterial| H|E

EA|BOA FAlgeol] st l:ubacterla-l IR
27.8~52.9%E FALE E}(Flgure L 3). 49 A
2, 5 mollAl Z}2} 340, 353, 45. 900%@ 6ol 0
27.8%, 5 m&} 20 mollA= ZH7t 52,9, 49.5%% H|SE RS
HA, 992 0 mol A 34.8%, 5 mell A 36.1%, 20 mellA]
49.6%2] 18-S ERHSITE Aggregatesoll F-2Het M|qte] 9
FAIRtaoll thgl Eubacteria®] V&2 T S

ZAA 50% A
2 o WA 2AE Y Figure 4. 5. 6). 42L& 0 mollx

O
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Fig. 1. Bacterial community structure of water column on 29 April,
1999 in Lake Paldang (ALF, Proteobacteria o-group; BET,
Proteobacteria [-group; GAM, Proteobacteria y-group, CF, Cyto-
phaga-Flavobacterium group; OTHER=Other Eubacteria).
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Fig. 2. Bacterial community structure of water column on 18 June,
1999 in Lake Paldang (ALF, Proteobacteria o-group, BET,
Proteobacteria B-group; GAM, Proteobacteria y-group; CF, Cyto-
phaga-Flavobacterium group; OTHER, Other Eubacteria).

34.0%, 5%, 35.3%, 20 moll A= 459%2] B1&-S KT 69 %
Aol A= 0 mollA] 27.8%= 2 ZAMA 71 vk AghS B
93,51 5 molA 52.9%, 20 mollA 49.5%E vreRdth 9o ¢
£ 0m, 5 mollA Ztz} 34.8%, 36.1%S] AHIES BT, 0

o M= tha F71sl 50.0%2) BIS-S- BHATH

Mz =8 += #st

g Bl B, STl tigk 2 group] BIE-S
AR a-group, B-group, Y-group, Cytophaga-Flavobacterium
group®] Z+2} 7.2%, 6.6%, 5%, other Eubacteriats 10.2%%3
il, 5 my= a-group, PB-group, Y-group, Cyvtophaga-Flavobac-
terium-group®] Z1Zt 4.5%, 4.4%, 3.1%, 2.9%= FZo| 0 mETh
= Th 7431$dar, other Eubacteria?} 20.4%2 Z7FsFA T 20
mol A= o-group®] 8.3%, B-group®] 7.1%E WEFREIL other
Eubacteria= 18.3%ATH &H 6¥€9 A9+ 0 molA o
group®]  3.9%, B-group®l 3.6%, Y-group 50%,
Flavobacterium group 3.0%= YEIYIL 5 me o-group, B-

Cyvtophaga-

group, y-group, Cytophaga-Flavobacterium group°] z}y 7.7%,
7.6%, 6.2%, 5.5%] HI&Z ZAFEATE 20 moIHE 5 me} H]

LT ol|A aggregates o FAG At 7 295
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Fig. 3. Bacterial community structure of water column on 15
September in Lake Paldang (ALF, Proteobacteria o-group; BET,
Proteobacteria [-group, GAM, Proteobacteria y-group; CF, Cyto-
phaga-Flavobacterium group; OTHER, Other Eubacteria).
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Fig. 4. Bacterial community structure of aggregates in Lake Paldang
(Trapping: 20~29, April, 1999) (ALF, Proteobacteria o-group; BET,
Proteobacteria B-group; GAM, Proteobacteria y-group; CF, Cytophaga-
Flavobacterium group; OTHER, Other Eubacteria).
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Fig. 5. Bacterial community structure of aggregates in Lake Paldang
(Trapping: 8~18, June, 1999) (ALF, Proteobacteria o-group; BET,
Proteobacteria B-group; GAM, Proteobacteria y-group; CF, Cyto-
phaga-Flavobacterium group; OTHER, Other Eubacteria).

%8 FH]TFERE XY oa-group, B-group, y-group, Cytophaga-
Flavobacterium groupo] 2z} 8.2%, 6.8%, 6.6%, 5.5%<] Azt
= Btk 7HE 98 Al TR 68249 28] 0 m
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Fig. 6. Bacterial community structure of aggregates in Lake Paldang
(Trapping: 5~15, September, 1999) (ALF, Proteobacteria o-group;
BET, Proteobacteria B-group; GAM, Proteobacteria y-group: CF.
Cytophaga-Flavobacterium group; OTHER, Other Eubacteria).

o} 5 m7F HlS:E BXE HY=d o-groupe ZHZE 5.1%9
4.7%, PB-group  5.1%., 5.9%, ygroups  52%,  6.2%,
Cytophaga-Flavobacterium group 5.2%, 5.9%2] B]-&2 HA|T
20 moAE ZH) groupd] HIEo] AFFETRE 143 o-group
o] 6.6%. Cvtophaga-Flavobacterium group®] 3.3%2] Hl&S B
SH(Figure. 1, 2, 3).

49 5 m wapollAl Aggregatesdll F2e At FHE o-group
o] 2.9%, B-group®| 3.5%, y-group®| 2.6%, Cviophaga-Flavobac-
terium groups 2.5%2] VX E XL other Eubacteria®™ 0.8%
2 g w2 vE-S YeERNITE 20 m trapell A 2} groupe A
AHOZ 25~8.0%2] MEE 5 m trapH s 2 Vs Agk
S BT 68 AR 5 m trapoll A o-, B-, -, Cvtophaga-
Flavobacterium group®] ZFz} 10.7, 7.64, 7.1, 6.1%{3 20 m
trapoll A= 2.4, 2.3, 2.1, 2.1%2] H1-&-S Bt 09 ZANS, 64
ZARe) Hlzek B E A, 5 m trapoll A o-group®] 9.2%. B-
group®] 6.3%, y-group®| 7.4%, Cvtophaga-Flavobacterium group
o] 4.1% L, 20 m trapS HAHOR 21~51%% & ¥
£ WA} (Figure. 4, 5. 6).
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AT} o o] o] 8% F e BAE Alwstd F
ogA wig- Fagh Bgolot s A A%, C:N BIZE 30
ol W& A5 Axrt 8&9A ¥o BiwaZolAe CN BIZ}
10:1 Bob 28w NP H)7F 10:1 2ok F o] dAv) 855
AL CGN HPZE 1S BTk 2 9, NP H7E s Bk 2 dolle
Ao} Qlo] 8&4A gethal sHTH25). FEoMT Eol
Sl CN:P H&3} aggregates®] C:N:P H]&o] GElx= AL
nkg2 olefgh w B EEHE 2ol ofst o2 okt 33
oA Aae} jlo] 8&H e Aot AFAA S FF A7
Elojok g FFolr}

Aggregates®ll 23 Tt Eubacteria’} AFA|S= HI&-S 4
HEH, AAHOZ 9.0~32.0%Z v Bl ZAREA BAE
o A= FAllit4oll thh Eubacteria®] HlE-0] 27.8~49.6%F 4
5o} nlarste e -9 grA) Uehd

TSk A%k 9] aggregatesoll A TS BARSE =)0
% oF 60% HFE ZARE O] B Aol A AR gho] wi- uE

B e

fo lo & g

L o] 2AIA FAAITte] T EE A ARAA other
Eubacteria®] Hl-&o] wl-¢ 31 o-group, PB-group, y-group,
Cytophaga-Flavobacterium group®] $-83F= Ao2 ZAME S
olggt AHE2 7]Eo AN Ff Al - 3FReH2) vl
e 43k afolE Kol ARy AAZ BE Al 3
& FR ARt FHEG tebde] At Hals ATH(10).
Aggregates -2} Mlaty} H Al ] FE27F ARlE UERIE
AL aggregatesl] 28 Al 32 Eof o)l whel &30
= B sE 2 rapdlel 1E¥EE FFE 71ESL 5
Aol A3 Ado] s dei= SAEH] Wz Azt
o} AAE £ Constance &850l A aggregatess ZAMSH 27
Eubacteria®] gko] FAlatel tial 60~80%S AAHaL, T F
Proteobacteria B-group®] -3k 0™, Aol we} aggregatese]
AirAe teRslasd s Brala Ao #iTEs Hd
Ao g FAPESIIL(27), Wagner(26)7} biofilmell H-2H8k Alite]
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THTEE ZARE AN E B-groupe] AlEH o A5k
Aoz FALE AT

I, free-living bacteria®] 4, AW WslE B $20]
tsshe 680l 0 mo} S, 20 me] FHTFEV than 9gdll=
, 5 mot 20 m7}F Bt Alte] TRV s BAE
102 UEPITH 250 ME -2 okzo) ue} Aldd 720}
Z, o, Al mEt tEA Jeha AFelE Ay W
37} A go] EEHATH3)

o] ZAlollA] aggregatest sediment trap®. 2 7U7F A3 A
o2 w& f7lE, EGUAT #FH8Rle] WHEl gtozH
Constance S04 2= th2A UYeld Hog AlgHo) o]
& zlolo} B89 tEA A AT} HEAE o
w3 o] FHE Ao

Aggregatesel] F-23F Mite] P32t AE, FAEE TR
cluster® WA= A2 sedimentation trapsl] 7}E}ke AlBZetaE
o] FF7E v=7] diEo g Als¥Ech U9 Constance 35700 A]
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ABSTRACT : The Change of Attached Bacterial Community on Aggregates in Lake Paldang

Sun-Hee Hong, Duck-Hwa Oh, Sun-Ok, Joen and Tae-Seok Ahn(Department of Envi-
ronmental Science, Kangwon National University, Chunchon 200-701, Korea)

For scrutinizing the changes of aggregated bacteria in Lake Paldang, the FISH method was applied by using
the rhodamine labeled probes, and total bacteria, chloropyll a concentrations and nutrients concentrations
were measured. The aggregates were collected with sediment traps. The T-N, T-P, chlorophyll a con-
centrations of aggregates were higher 5-15 times, 81-140 and 49-66 times than water samples, respectively.
Also, the bacterial numbers of aggregates were 200 times higher than those of water smaples. The ratios of
each groups of water sample were 2.1-7.4% for o-group, 4.5-8.3% for 3-group, 2.1-7.4% for ygroup, 2.1-6.1
% for Cytophaga-Flavobacterium group and 0.1-2.5% for ‘other’ group, respectively. While, in aggregates,
the ratios of o=, -, v and Cviophaga-Flavobacterium groups were very small and most abundant group was
‘other’ bacteria. With these results, the aggregated bacteria in Lake Paldang had a particular group com-

position of bacteria.





