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2 Aol ReUsie A5Ae] A olsier =
Qo W Ao B B #PTES WSS DAPMT

fluorescent in situ hybridizationS ©]&3}e] 23 Rtom o]
s8hA A ] o3t FFAES dAIA BAE Sl AES)
Aot FISH7|HS AW ES] 16S rRNA @71 Ee] AdRA<1
oligonucleotidedl] BFE4dS 723 AS BAA(gene probe)=
3l AU rRNA®Y hybridization $FO- 2 HjS- 5314 ka1
AN g AldS A FFAvAEES o838l T3 Agsle
HHOIT(18). ©] 71> Eubacteria, Archaebacteria 5-2] %ol A]
FE] 5= o|27I7HA vkt BRawe] o] 7sA 8t
B2 ookst AdAle] 54 Aldeds dodshed avzes
o]-§= 31 UTh(24).

b e
oH

=

ZAK S A=A

VR SAE AEE 3x10°m’, - 17.7 km?, B4
2 5.66km*e] FHETULE, AFA FEFE ANETEE
fFrd=e Fade] AR 5 dRdth Ak vRkAg
A FLAAANA 2000 62FE] 11€714] €= HAISIom,

WA

N B |



96 Gui-Sook Nam et al.

A7 AHE F4 =4 F £E8 0.5 mPE 1~1.5m HES
B N2k Vandon A7|E AEFATE AR 917 Al

= Eod 1L Aol FaFos HAoH, 540|554
AL 93 Alee AAMIEE st 108 2L EedE
©

O|St&fx] =ZE 24

T, pH, EC, DO 5 A&} 84 @A niz2 574
3tRom, CODE AP IH(16)2E, TN, FEYodd A
(NH,N), o}FEAHI AL NO,N), FAHIEAANO,N), TP, 14HE
QI(PO,-P), SS, Chl-a 52 Standard Method A192H(19)2] "
o &3l £ AT

ZEMzT Y Mz 2P 24

FATTE Z4317] 913 DAPISH AlFTRTFZE 913 FISH
Mol fluorescent oligonucleotide®] dual stain> Hicks 5(22)<]
WhHol Z&le] AAslgTy 2 4E AlEE AlE 1 volumeo]
ethanol 1 volumeS A7}t —20°Col AAsIR( 1L, TATFE
TAHHE AlE 2uIE silane coation slide glass$]ol] o=l &
DAPI(1 ug/mhE 50 ul F7Fete] 523 Gk &, dit S/
2 MFsle] 3Av| 3} scanning confocal laser micorscopy S
AR, x400 B x1,0009] Bl A fieldoll YERE Ald-g 201
ol WHE Algsle] 1 Hugke® YeRNATHS). Al
Eubacteria = TAE A& 2 uIE saline coating slide®l] spotd}
of F7] FoA AZAFAL 9] slideS 50, 80, 96% ethanol®ll
Zyz; 387F © & AZ3}Y, hybridization £%(0.9 M NaCl,
20mM Tris-HCI [pH 7.4] 0.1% SDS, formamide 5%:EUB, 20%:
ALF, 20%; BET$} GAM, 35; C-F, 15%; HGC, 20%) 8pul<}
probeZ AE-%E oligonucleotide (5 pg/ml) 1 ple & 44 &%
NE 3719 slide glassoll Hoj=a] 46°C, 9037t WHE-AI7] AL,
g 48°CE A EE AFHEH20mM Tris-HCl [pH7.4], 5mM
EDTA, 0.1% SDS, NaCl €9 % :EUB, 0.9M; ALF, 0.225M;
BETS} GAM, 80 Mm;CF, 80 mM)el| 1587 @2 & ZH{HG4=E

Table 1. Oligonucleotide probes

Probe Sequence (5'-3") Target position  Specificity
EUB GCTGCCTCCCGTAGGAGT 16S, 338-355 Bacteria
ALF CGTTCGCTCTGAGCCAG 168, 19-35 a-subclass
Proteobacteria
BET GCCTTCCCACTTCGTTT 23S, 1027-1043 B-subclass
Proteobacteria
GAM GCCTTCCCACATCGTTT 23S, 1027-1043 y-subclass
Proteobacteria
C-F  TGGTCCGTGTCTCAGTAC 168,319-33¢  C/ephaga-
Flavobacte-
rium
HGC TATAGTTACCACCGCCGT 23S, 1901-1918 Gram-positive
with high
DNA G+C
content
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AHs F7] FollA 12AZ o DAPIHY FYsH &
A3FATHS). AHEE probe?] rRNA-targeted oligonucleotide=
Table 13} 2t}

zz 4 o

7|4 & o[ &t&t == QIX}

Fd oA lE HlwA Asuitte} 77k FRUISF 9318t
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ATHFig. 1). Y2AZRE 99 71 27 Jehton, 4-79 A}
ololle €E 200417t o)dS HAT)

upAbA R 9] 6¥~11929] 4-&, pH, DO, COD 59 53
o|3}el2 WglE HFale] Table 20 YR &8 744
B 27.5°CE 71 B3kon| pHE o] Bty 893} 9
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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.
Month Summer season Fall season
Jun. Jul. Aug. Sep. Oct. Nov.
Water temp. °0O) 25.2+0.9 27.5£2.0 26.3£1.3 19.5£1.8 16.0+£0.4 12.3+0.1
pH (US/cm) 9.0+1.0 8.6+1.5 7.5+£1.0 7.6t1.4 8.9+0.2 8.611+0.1
EC (mg/L) 220£10 203+16 170+6 95+4 12740 142+1

DO 7.14£3.2 7.245.5 7.5+4.5 8.8+3.6 11.3+0.6 12.8+£0.2

COD (mg/L) 11.8+1.1 13.0+£2.2 124422 6.4+0.9 8.3+1.7 8.5+0.2

SS (mg/L) 12.3+4.4 11.4+4.4 12.3+6.1 25.7+£20.7 12.6+0.8 7.5t1.4

Chl-a (mg/m®) 33.6+6.5 52.5+19.1 99.0+55.2 30.5+£19.2 62.1+7.2 56.1+4.4
™ (mg/L) 2.041+0.676 3.321+1.216 3.543+0.371 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 0.657+0.965 0.417+0.206 0.199+0.191 0.227+0.010 0.082+0.031
NO,-N (mg/L) 0.003+0.003 0.001+0.003 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 0.556+0.030 0.719+0.014
TP (mg/L) 0.118+0.015 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) 0.000+0.001 0.032+0.055 0.123+0.073 0.258+0.028 0.023+0.005 0.016+0.003

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

Bacterial numbers (X10° cells/ml)

Eubacterial group/Total bacteria (%)

Month B EUB ALF BET GAM C-F HGC Other EUB ALF BET GAM C-F HGC Other
Jun. 1.5 1.3 0.3 0.2 0.2 0.1 0.2 0.4 88.0 16.7 13.9 13.3 44 148 249
Jul. 9.6 6.5 1.5 1.5 1.5 1.5 0.4 0.1 67.6 152 16.1 16.0 15.1 4.6 0.6

Aug. 27 2.1 0.3 0.2 0.2 0.1 0.2 1.0 75.9 9.6 8.7 83 34 77 381
Sep. 1.5 1.2 0.2 0.2 0.1 0.1 0.2 0.5 80.1 10.7 10.7 8.9 43 142 314
Oct. 1.9 1.5 0.2 0.3 0.2 0.2 0.3 0.3 76.8 10.2 14.4 13.0 12.8 13.6 12.8
Nov. 0.4 0.4 0.1 0.1 0.1 0.1 0.1 0.0 86.1 21.6 14.7 12.0 16.7 19.1 2.0

TB; total bacteria, EUB; Eubacteria, ALF; a-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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O1}9). Lol AZHeE W5 A(6.0~13.0x10° cells/ml)2}F H] L
ShH M= S BolFal Qlo] LA gl A Al
37 =4 JERES & 5 AUTHLS). 53], FEAEY
FIE vehlie vi-g- 783 =724 TATTE o] 8L W)
TRRE Y FIEFHEHE e ATh(2s, 27, 29).

Eubacteria®] #¥5 0.4~6.5%10°cellsml= AT} o] 7
Qo 7P = BIEE 1194 7P e B¥E B ATHFig. 2).
FAlIgoll t3t Eubacteria®] H1&-2 H1t 67.6~88.0%= 6Ll
7S w2 vlEE, 790l 7P v ¥ES Yeiith Aed
2ol W& FA|t< 2 Eubacteria £33 9] WIS B, 27177
T 2 WE SV f71EA VIR 78 438 $71
E B F gdoll A, AT UMY 99 oS A
Fom, A7t B 1080 AdEEe] S #EE 5
ATh FEZF 20 AR IE) 11l Al HA <
R

tlo 30 O

FATgl g Eubacteria®] H-&Hs= M2} & 7
ol 71 g, Mot Wk 64, 99, 11490 2 B3
5 2o o] FAHHE2] W Y3 Eubacteria®] &) thi
Qg2 Ao 7 et 3, FHEAFR] EX X9} Hull

Aol Al Eubacteria®] Fatrll thet Hlgo] Fx2Fo] S47% &
dato] Fx27F SAA7 A0 (9, 10), YT olA FE
F 4 A719l Eubacteria®] FAltrell thk ¥l&0] 50% o3}
2 A4S o] f 2 FEFY toxine] M-S Asls] we
2 FA% vl T, B dFME Chl-a7t =2 7€, 82, 10
ol Eubacteria®] Bl&-o] BHA vehd dxfol o3k dde]
s F5E 7 A8k
FTAITET 9] Eubacteria 79 HIES TTFEEE Ao
AINFig. 3) 6%, 8¢, 11'2ol= a-Proteobacteria group®], &
971 YeERE 9¥€olli= HGC group®], 10€ 9= B-group®] -
Azl Jesth AdEErt F53199 7ol 2 a- B- v
Proteobacteria group®} C-F group®] AR E¥5 HAF)om,
2 A7 HI8) HGC group® 71EMATES] BIE0] AJd3] 2HA
YUERSTE Chl-a7}t 7P =331, 45 5579 F90] B9 8
43 9gell= 783 2] 7]Ek(other) 9] HIE-0] 38.1%% o}
F E=9k9 ™, Proteobacteria group2] HlE-2 10% WE w&
HolRaL, C-F group®] HIE HA] TR Al7]d]| HIg] S o2
A et 99 4 groupl® YERGE HGC group <=
o] EUH 793 g€ e BEXE HQ RS ASH4,
13~19%9] W% A3 E3E5 HofFar et
& AFA] B S04 Eubacteria®] A7 TR 5
AE B dye vias] By, 2%5olA B ygroup, AF a-
group®] 73152, 7150l Eubacterial group®] Hl&o] 4
hF o o} other wo] s 54 Harst=t(),
£ dAFolAe 687 8ol &Ys o} 2ol a-groupe] $-H, 7¥
o= a-group ET= B-, y-group®] +-83t4.2™, 7€} group
69, 89, 9ol SHFAI, 11Yol= ofF W& RIS K
Fo] AUz zolE RAFAY B-groupS Nitrosomonas,
Thiobacillus %5 chemoautotrophsS g5l WGP Fe)e] T4,
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SEHA A AU T HEE AL, A2] FANAME
ST BAEQOUH(17, 21,23, 24, 26), B ATFNE &
o] 7F¢ ¥31, COD s =7} %& 793 Chl-e®] F&=7t 715
100l B-groupe] -8kt B, 71E3% #HE y-group
o] Alte] E3f7F &olgt f7EAS o83t W] Ad7s)
£ copiotrophsZA], AA| FAVENA A A= 4%k HE-S 2}H]
skal 9lem(21,24), HiAIS] ATl E 10% wke] HlEeS
Baslgok(12), £ AFAAE 8~18%E 8995 Aleshd
10%5 293k HIES BTk drjAldlAe st =4
trlsd theket FeElE 71 Aluatg 235k, Aeke] 7]
F o]&zgo] & Al HlIF £ a-group®] o] HEFH
W C-F group® Bo] AEH+= FS B3I =d(10), PRREA
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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; a-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



Vol. 39, No. 2

\

FA A= 112 a-group®] A& w] C-F group®] &2
Bt =3 C-F groupe Chl-oZ} S7HS 739 38k
Tl EAlske thFs 1EA B2 Bl #Adhe AR
FHA U= (21, 26). & AT E Chl-a7b =4 UERE 7€,
84 1085 793} 10%_01]5 C-F group®] %2 HI&-S 24 0}0:}\
o1, gl Y HIES ROl Wb, o] o3ty
9] 7k wE N“IBPEEA ZA)9] W3lE Chl-a9] %%J}
2% 1190l =& H8-S BojF=0] C-F group®] Chl-g W3}
Hoe= §759] st o] Fozl Al7]e Exu|Eo] Flstal
A —’FZ«] wgo] A7 v hdke AoE AdEolR]
o}, SF43}= Chl-g9] 571 22192 Chl-a= C-F group
I} FA13E HEE HojFEm, 62 C-F groupd] BlEo] =& A
T 2 o2 AlEEH A

TR EAE oA B A7) o] FoiR] A%E T <l
Szl Hsl 7RIt FaL, g4lo] Bow, AL 58 St
ARE o2 sk FFEATAZ W71 5~68ell A9]
ATt 97 AR a2 5 Eo] dAlell
EY s SAS 7ML ok wEbA] 71E] BaE ozl sl €]
349 AR ERT g AESHAEY Odab} Al 75
54 2 7EF AFARFE A B FEs WAl e A
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MZEE} 0| SHaHE S OIXIo| ARHE|

o AR oA 0]818HA FAQIA Al IRE
= AR S8l F2FER nBETHIL FHBAE Excell
20002 o83l T3 8] 74 (single linear regression analysis)
31 TH(Table 4). 2RT] =719 n 220]W, “FAA G| th3t
717kgke p<0.059] YZHAFEANA r 035924 1>0.3599 Ul

FAIAPL vA Al e] Aol vIXE F 99

FedE 7ML ISIEH(13). F WRhe] e 20758
A, 075520255 S, |Y<0255 oo s A4
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Org-P9] }6]'_' A47F 0509, 0.529, 0.656, 0.758% -+ 714
FE BAE 7ML AR AEEFIESY] dEF
3 }~ Chl-g (=0.012)2} EA1T5+= A0 e AL
E}%ﬂ- Eubacteria= SAHFET 221219} t] 23k 4+
AS BAFAE, 523} 0.6499] AAATE Fo)Ado] 9l
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0.666, 0.775% AL A= ZA4T-A40 BAS
H, TATFA} 2] Chl-a (=0.024)2= v/vgo]
A0 2 VERSTE
Z T4, Eubacteria 329} 2R1IAN}e] AiAl ATl A
& AldaHol 7P 2 S vAE 8R1eF Baigk A
g9} ARl UeREoUk2, 10, 14), 2R TH= Org-N, Org-P
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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 a B 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 (pS/cm) 0.509 0.523 0.545 0.490 0.525 0.462 0.403
DO (mg/L) -0.329 -0.314 -0.289 -0.218 -0.266 -0.179 -0.354
COD (mg/L) 0.529 0.561 0.527 0.525 0.505 0.474 0.446
SS (mg/L) -0.101 -0.092 -0.123 -0.130 -0.108 -0.138 0.019
Chl-a (mg/m?*) 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 situ 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 @ 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.



