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B Afors Fddste AR FARAY olseE 5
Aol wa Ade X P 7R ®¥IE DAPIHA
fluorescent in situ hybridization'H-& ©]-8-3to] 4 Hgromn, o]
3}a1A AJAN ok GHAS A FAE S3l FESH
ATt FISH7)H2 93AE-2] 165 RNA F71M e AR ZR]
oligonucleotidedll #3454 223 7S A A(gene probe)=
sled AW RNAS hybridization $He.2M oS 5317 a1
FAAEY Ate 2F ¥FAnEE o183 s Alrehe
uhHo|th(1g). ©] 7142 Eubacteria, Archaebacteria 52 % ol A]
HE] 2450 o|277k4] vkl BR4ae] 4ol s &
v2 gekst QA 84 AdAe deleet andos
o] 8= 31 Yrh(24).
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SMZT 2 MZE 2E A= 84

SNTTE S4317] 213 DAPIS} AT TH7ES 93 FISH
H fluorescent oligonucleotide®] dual staine Hicks 5(22)<]
Ul &3t AA|tgth 24 E AEE AE 1 volumedl
ethanol 1 volumes #7138l —20°Col] AASIAIL, FATFF=
THE AE 2ulE silane coation slide glass$]oll Gojredl &
DAPI(1 ug/mhE 50 ul H7fste] 583 A% &, At SHS
2 AlFste] FFEH| A1} scanning confocal laser micorscopyS
ARE, X400 B x1,0009] HilEollA fieldoll VERS S 208
ol ¥HE Al 1 HageE vehhcks). AaEd
Eubacteria 9= I ¥ AlE 2 ulE saline coating slideol] spotd}
o F7) SOl AZAF|Z o] slideZ 50, 80, 96% ethanol®]
2tz 38 @ & 7F3}, hybridization £9(0.9M NaCl,
20mM Tris-HCI [pH 7.4] 0.1% SDS, formamide 5 5%:EUB, 20%;
ALF, 20%; BET$} GAM, 35; C-F 15%:; HGC, 20%) 8 st
probe2 AM-HE oligonucleotide (5 pg/ml) 1 plS 3 48 &%}
NS 719 slide glassoll Hoimma] 46°C, 9087t ¥FE-A)7] 11,
nl2] 48°CE g€ Al--8H20mM Tris-HCl [pH7.4], 5mM
EDTA, 0.1% SDS, NaCl -85 % :EUB, 0.9 M; ALF, 0.225M;
BET9} GAM, 80 Mm;CF, 80 mM)oll 1587t 9 & ZFFE

Table 1. Oligonucleotide probes

Probe Sequence (5'-3") Target position ~ Specificity

EUB GCTGCCTCCCGTAGGAGT 16S, 338-355 Bacteria

ALF CGTTCGCTCTGAGCCAG 168, 19-35 o-subclass
Proteobacteria

BET GCCTTCCCACTTCGTTI 23S, 1027-1043 B-subclass
Proteobacteria

GAM GCCTTCCCACATCGTTT 23S, 1027-1043 y-subclass
Proteobacteria

CF TGGTCCGTGTCTCAGTAC 168,319-33¢ CYophaga-
Flavobacte-
rium

HGC TATAGTTACCACCGCCGT 23S, 1901-1918 Gram-positive
with high
DNA G+C
content
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Fig. 1. Monthly variations of air temperature, precipitation and
sunshine hours in 2000 in Asan city.
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Table 2. Monthly fluctuations of physicochemical factors in Masan reservoir from June to November 2000. Each data showed the mean+standard

deviation.
Summer season Fall season
Month
Jun. Jul. Aug. Sep. Oct. Now.
Water temp. ) 252209 27.5£2.0 263x1.3 19.5+1.8 16.0:04 12.3+0.1
pH (WS/cm) 9.0x1.0 8.6x1.5 7.5%£1.0 7.6x1.4 8.9+0.2 8.61+0.1
EC (mg/L) 220+10 203«16 170+6 95+4 12740 142+1

DO 7.1£32 7.2+£55 7.5%4.5 8.84£3.6 11.320.6 12.840.2

COD (mg/L) 11.8%1.1 13.0£2.2 12422 6.4+0.9 8.3+1.7 8.5+0.2

SS (mg/L) 12344 11.4+4.4 12.326.1 25.7+20.7 12.6+0.8 7.5¢1.4

Chl-a (mg/m?) 33.6+6.5 52.5+19.1 99.0+£55.2 30.5x19.2 62.1+7.2 56.1x4.4
N (mg/L) 2.041+0.676 3.321£1.216 3.54320.371 3.245+0.174 1.748+0.386 2.194+0.646
Org-N (mg/L) 1.669+0.435 2.284+0.338 1.669+0.256 0.823+0.054 0.818+0.376 1.318+0.690
NH,-N (mg/L) 0.161+0.223 0.65720.965 0.417+0.206 0.199+0.191 0.227+£0.010 0.082+0.031
NO,-N (mg/L) 0.00320.003 0.0010.003 0.033+0.015 0.065+0.031 0.148+0.001 0.076+0.002
NO,;-N (mg/L) 0.209+0.063 0.380=0.024 1.425+0.391 2.158+0.240 0.5560.030 0.719+0.014
TP (mg/L) 0.11840.015 0.232+0.233 0.270£0.061 0.363+0.019 0.143+0.006 0.085+0.027
Org-p (mg/L) 0.118+0.016 0.200+0.179 0.147+0.025 0.105£0.010 0.121+0.010 0.068+0.028
PO,-P (mg/L) 0.0000.001 0.032+0.055 0.123+0.073 0.258+0.028 0.02320.005 0.01620.003

Table 3. Numbers of total bacteria and Eubacteria groups, and ratios of Eubacterial groups o total bacteria from June to November 2000.

Bacterial numbers (X10° cells/ml)

Eubacterial group/Total bacteria (%)

Month EUB ALF BET GAM C-F HGC Other EUB ALF BET GAM CF HGC Other
Jun. 1.5 1.3 0.3 0.2 02 0.1 0.2 04 88.0 16.7 13.9 13.3 44 148 249
Jul. 9.6 6.5 1.5 1.5 1.5 1.5 04 0.1 67.6 15.2 16.1 16.0 15.1 4.6 0.6

Aug. 2.7 2.1 03 0.2 0.2 0.1 0.2 1.0 759 9.6 8.7 83 34 77 38.1
Sep. 1.5 1.2 0.2 02 0.1 0.1 02 0.5 80.1 10.7 10.7 8.9 43 142 314
Oct. 1.9 15 02 0.3 02 02 03 03 76.8 102 14.4 130 12.8 13.6 12.8
Nov. 04 04 0.1 0.1 0.1 0.1 0.1 0.0 86.1 216 14.7 12.0 16.7 19.1 2.0

TB; total bacteria, EUB; Eubacteria, ALF; o-Proteobacteria group, BET; B-Proteobacteria group, GAM; y-Proteobacteria group, C-F; Cytophaga-
Flavobactrium group, HGC; Gram (+) with high G+C content group, Other; unknown group
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O1H9), 2G50t A3 HF A1(6.0~13.0x10° cells/ml)<} Hlaw
sk H|S FES HATT 3o} LF® AER|dA AT
7L A vERES & 4 AiThs). 53], FEAedEY o
FHEHE e E vlf 583 =72 FATFE o8 o
v S G-I P IS R )luh25, 27, 29).

Eubacteria®] £XE 04~6.5x10°cells/mlE ZA| 75} 2o 7
Lol 71 T2 BEXE 1190 7P¢ 22 B E BArKFig. 2).
FAIdo) st Eubacteria®] B|E-& B 67.6~-88.0%% 6H0
7V 52 HE-E, 799 7 e vlg-S vehiich 23
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T e g8 SV FU1ER VIR 790 323 31
£ H % 8ol A, FEAUL ARE 92 B8 FAas)
Row, 7 17F Ed 108 ATEEe 18 ARE 5 9
Ak 0] A 3 11Edle ATt HA 2
HEoFr)

ZAloll 3t Eubacteria®] Bl&Wsl= Algiart £2 7
ol 7P a, AlEE 7 I0d 6, 98, 1190 & ¥
g B Fof FAd4m2] 5ol Bls|| Eubacteria®] ¥Fo] thi
AN oz el 3, SUEAFRQ B9} G
AlollA] Eubacteria®] Fd5=oll tigt Bl&o] F2Fo] F47 &
dsjod d2F F24A1719 AR (9, 10), 2FTA &=

7 -3 A7)l Eubacteria®] ZAi<rel] tgh v)-8o] 50% ©)5}
B 348 olf 2 G2FY toxin®] ATGEE AHslEt) gEo
2 249 bk k). & A7elME Chl-ort =2 74, 8¢, 10
ol Eubacteria®] B]&-o] WA Yeh} 2ol g o] 9l
AeS F5E 4 AUk

FHT9 529 Eubacteria w3 Q) WS-8 THTZERE A9E
H3}(Fig. 3) 64, 8¥, 11'¥9l= o-Proteobacteria group®], %
357 vERtE 98l HGC group], 1089+ B-group®] %
At vElsth AEFEErt 25399 72992 & o, B v
Proteobacteria group®} C-F group®] A £¥E HoFQlom,

£ Al7]el v¥IE} HGC groupd} Z|E}AMiFe] o] 53] Bt
el Chl-aZt 718 %01, 79 §&559] frdel 23U 8
A} 9oll= 79} 2] 7]Ek(other) Q) HI-E©] 38.1%E o}
F =32, Proteobacteria group®] W& 10% WEE &
HolA, C-F groups] HI-E GA] & A7) B3] EAF oz
A JERTE 909 3 grouplE YERIE HGC groupe <=
2o] =AW 7€ g ¥ HEE Hel AL A9,
13~19%9] HlwZ Y% BEE HoAF1 )9l

o2 A4 9 FholA Eubacteria®] A7 T@TZe &
g B A7et vud] BH, SgsoA B yeroup, HE o-
group®| 381G, 7}+2o= Eubacterial group2] Bl&-0] 4
hF g o} other wP0] e 5 Bust=d(),
£ ATolME 693 ggol &g} 2] q-groupe] 4, 7€
A& a-group HTRE B-, y-group®] $H3Ho, 7]E}k groupe
649, 8Y, ool HIAAL, 11EE oFF @& B¥E HY
Fol 2gE9 zolE BHAFAT) B-group  Nitrosomonas,
Thiobacillus ‘5 chemoautotrophss X &F5}e] HlgkAteo] 4=,

Kor. J. Microbiol

Fse A A SHAY T AEH AL, A9 FAME
AT B AEY 0117, 21, 23, 24, 26), B AFME -
o] 7 =1, COD 5571 %2 7895 Chle® =7} F718
1089) B-groupe]l 33t =3, #7183 AHE v-groupe
o] Aol #3171 golg A58 o83t W] st
+ copiotrophs2A], AR FARNAGNME 4%0| 7] HIL-S 2}A)
SEaL 2w (21,24), FviA|e] AFAAEZ 10% vigre] Hl&-S
Hudlgoi(12), B A70Ms 8-18%E 8-99-2 AL3H
0%E Z2Ish= HES BT} Al e oot &4
AlsE tektt FelE 71 Al T3, Az 57
E ol8sgo] thZ Alrtol] Bls)] £ a-groupo] Bl HEEH
" C-F group® @o| A&HE A Husid=d(10), PR
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Fig. 2. Average variations of the number of total bacteria and
Eubacteria in Masan reservoir.
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Fig. 3. Average variations of ratios of Eubacterial groups to total
bacteria in Masan reservoir. ALF; o-Proteobacteria group, BET; -
Proteobacteria group, GAM; y-Proteobacteria group, C-F; Cytophaga-
Flavobactrium group, HGC; Gram(+) with high G+C content group,
Other; unknown group
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5ol EAGh the 2ER E-9] Ealol Bofdhkes ZeR
FHAUAEH(21,26), £ AFIAE Chl-a7t EA ERE 74,
84 1083 797 1099 C-F groupe] ¥ HIE-S AA3HA
o}, ggollE B v Bl v, $5o] HYStE A
o] Zhiol WE AEZFAEY A HIE Chle®] F=7}
7% 1199 58 vlE-S HoFo] C-F group®] Chl-a 3}
BHUE 39 ) o] fo7l Al7]d] BEHE] F7kekal
A T 5o o] AAE o fiste AoE AHFHAH

.72y HHsks Chla®l 71 8%12% Chl-a= C-F group
# fAKSE MEke BaFn 690l C-F group?] Hl8o] & A
T 22 olfE AIEHSIITH

PRIAFA S o)A7MA] B ATt o] FolR &2%4E 59
Feae] vis] FEIF Aa, ado] sk, AL 13 SAF
AE FA2o=2 sl FIEAFAZE N7 5~69] A9
R 7t ARER Aegin 48 B Eo] 49
EHe 5AS 7T gink wdEbA] 7]Ee] Baso)zl S ¢
T AaTREAY g AEEEAES] 9% A ¢
E4 2 7El AeAuia sl EdsiAl @32 B Sl A

o2 e

e

M 2222 0|85t =Z QIXto| & 2h2tA|

opAZAN A olSISHE £ALA AT A 3
< EI] S8 $AgER vBECHLY AAFAE Excell
20008 ©]8-3}] W23 3] FH-4(single linear regression analysis)
ST Table 4). ZATS] 2712 n2 220]H, Aol thet
7121 p<0.059] FZARFEANA 1 035954 103599

S2} RkAEAle] ARl HIAE 9% 99

FolAde 7 A YATh13). F Wt AaELe 20758 &
A 0755020255 FAT, W<0.258 HHeE BA3HA
ohs).
vlabA =R FAlFre] W] dFgS vIRE olFEH
FAJMAE J# #AS T3 B4 A S 061802
FoJAde] e ¥ S4FE AAS BIem, EC, COD, Org-N,
Org-Po] AAIE7} 0.509, 0.529, 0.656, 0.758Z F9]43-2 7HA|
F-72d e BAE 7T QAT AEEHAES] dAEF
= Chl-a (1=0012)9} A5 F84d0] gle 3o
. Eubacteriat- SN TR 2029} o 743k A
RAFEGEH, 723 0.6492] FBASFE Fo4d0] A
o] AB/HAE BQT, EC, COD, Org-N, Org-PE= 0.523,
561 0.666, 0.7752 A4S 7IA e S4B WAE B
F uba, SATSAAY 2] Chla (1=0.024)90= FrejAdol
e Ao = eyt
Z 4| T4, Eubacteria 138} 2R }e] AFaA] AFellA
Fe-e AR 71  JES vAE fR1eF Bk AL
glof FARHA UElt k2, 10, 14), FEXRHE OrgN, Org-P
5 #7149 GSEF A=) dadel kg =AU
i Qlo) ARl 71 & 9 PIAAL e ajle g
el =3k, CoDE Mol A3 238 BAlE 7HE &
EF71EAD0o0)T] FaaA BAATe} vasia] g3
HW, o] B0)°] DOCSt #4938t AT (=0.534, p<0.0D),
Eubacteria (r=0.455, p<0.01)}¢] “3884A| & 24 XfoubA] 233k
B, FHEPA Sl ] AEEEIE o fEd
F718Y Aroldes Adss vl He B, 28) 5 Al
TR AEEFaE] 75 LA Bl 2L B
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Table 4. Correlation coefficients (p<0.05, N=22) between bacterial community and environmental factors in Masan reservoir from June to November

2000.

Bacterial groups Total Bacteria ~ Eubacteria 8 4 C-F HGC
Water temp. (°C) 0.618 0.649 0.585 0.563 0.553 0.482 0.619
pH 0.022 0.047 0.092 0.149 0.105 0.163 0.045

EC (uS/cm) 0.509 0.523 0.545 0.490 0.525 0.462 0.403
DO (mg/L) -0.329 0314 -0.289 —0.218 —.266 -0.179 -0.354
COD (mg/L) 0.529 0.561 0.527 0.525 0.505 0474 0.446
SS (mg/L) -0.101 -0.092 -0.123 -0.130 -0.108 -0.138 0.019
Chl-a (mg/m3) 0.012 0.024 -0.034 -0.017 —0.033 —0.028 —-0.100
TN (mg/L) 0.358 0.356 0.305 0.237 0.316 0.228 0.204
Org-N (mg/L) 0.656 0.666 0.673 0.629 0.657 0.612 0.475
NH,-N (mg/L) 0.426 0.409 0.405 0.317 0.452 0.352 0.253
NO,-N (mg/L) —0.490 —0.505 —0.521 —0.460 -0.474 —0.407 -0.333
NO;-N (mg/L) -0.337 —0.337 —0.404 -0.402 —0.408 —0.424 —0.282
TP (mg/L) 0.120 0.116 0.071 0.007 0.111 0.014 0.055
Org-P (mg/L) 0.758 0.775 0.757 0.670 0.770 0.212 0.401
PO,-P (mg/L) -0.200 —-0.200 —0.258 —0.276 —0.250 -0.293 -0.142
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ABSTRACT : Effects of Environmental Factors on the Bacterial Community in Eutrophic Masan Reservoir
Gui-Sook Nam*, Hyeng-Sik Son', Sun-Ja Cho', Mi-Sun Cha', Gwang-Sik Lee, and Sang-
Joon Lee' (Rural Research Institute, Korea Agricultural & Rural Infrastructure Corporation,
Ansan, Kyonggi-Do 425-170, 'Department of Microbiology, Pusan National University, Busan
609-735, Korea)

The total bacterial numbers, Eubacterial community structures and environmental factors which affect bacterial
community were estimated monthly using DAPI and fluorescent in sifu hybridization monthly, from June
to November 2000 to evaluate the correlation between the bacterial community and environmental factors
in eutrophic agricultural Masan reservoir in Asan. Average water temperatures varied from 12.3 to 27.5°C, pH 7.5
to 9.0, DO 7.1~12.8 mg/L, COD 6.4~13.0 mg/L, chlorophyll a 30.5~99.0 mg/m®, SS 7.5~25.7 mg/L, TN
1.748~3.543 mg/L, and TP 0.104~0.581 mg/L, respectively. Total bacterial numbers showed high ranges from
0.4 to 9.6x10° cells/ml, and these indicated the mesotrophic or eutrophic state. The ratio of Eubacteria to total
bacteria was 67.6~88.0 %, which was higher than that in other reservoir. The relationships of total bacteria and
Eubacteria community were more significant with organic nitrogen (Org-N), and organic phosphorus (Org-P)
than with water temperature. Proteobacteria groups showed strongly significant relationships with Org-P and
Org-N and significant relationships with water temperature, conductivity, COD, and inorganic nitrogen. C-F
group was the most significant with Org-N, and HGC group with water temperature. However, relationships of
Chl-a, pH, DO and SS showed no significance with any bacterial community. These results were different from
other studies, because of the specific characteristics of Masan reservoir such as old, shallow and eutrophic states.
The seasonal variation of bacterial community in Masan reservoir does not seem to depend on phytoplankton
dynamics but on storm event and organic materials from watershed and the sediment of reservoir.



