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100°17'78.89"E)oll Al 20081 8 26Ul AHAIEAT}. Water
samplers ©]&3le] Z}Z} 0, 2, 5, 10, 25, S0m FAERE A|ZE
A <=3FATE Polymerase Chain Reaction (PCR) #4912 |3}
dZNA AFE AlE T 500mlS 0.2 pm pore-size filter
(Durapore, 047 mm)E ©]-83t] I3t F A3 filters 7
AA DEE it effendorf tube (1 mlol] Eo] WARA Fej=
ARAR o|Fete] BT 2, §84L, AHEES}
pH 52 duksA &&= YSI 85 (YSI Inc., USA)S} ISTEK
71P (Istek, Korea)S ©]-8-3l] dol|r] =43}

Denaturing Gradient Gel Electrophoresis (DGGE)

DGGE 4% 913}a DNAE Ultra Clean Soil kit (MO BIO,
USA)S o|83t] F5E31% 3L PCRS S35t SF3th. o]
A7 A AFRE primer setS 9-27f (5°-GAG TTT GAT CCT
GGC TCA G-3))9} 1542r (5-AGA AAG GAG GIG ATC
CAC TCC-3’) ATHB). =F4 PCR 2HE-& DGGEZ 93 23}
PCR F3 o & ARl oM P2 (59-GAG TTT GAT CCT GGC
TCA G-3")9} P3 (5°-AGA AAG GAG GTG ATC CAC TCC-
3’) primer set (9) 2.2 FIZAIATE 7} PCR ¥Eg-2 30 ngd]
3 DNA, 200puM dNTPs, 10 uM primer, 1unit/ul DNA Tag
polymeraseS Z}Z} 718t o, HE Fi= 50 = SFETh
PCR 34 & ZZ % DNAE agarose geldlA] 71953 H
ethidium bromideZ G413}¢] DNA bandS 1319t}

P2/P3 PCR 2FES U2 & &} Dcode System (Bio-Rad
USA)S.Z DGGEE F33}9c}t.  Denaturing
gradient gel 6% (W/v) polyacrylamide gel (acrylamide:
bisacrylamide=37.5:1)° urea®} formamide 5 WAA7} 30~65%
M sETu7E A2 JPHES AR ofd ARS-gH
100% WA= 7M urea®} 40% (v/v) formamide®] ATh. A2+
gelol 40pl®] PCR FFHAHES 2x gel loading dye (0.05%
bromophenol blue, 0.05% xylene cyanol, 70% glycerol) 20 pl<}
&3 ¥ 0.5x TAE buffer 20 mM Tris, 10 mM acetic acid,
0.5mM EDTA, pH 8.0)°14 60°C, 200V Ao 2 8A|I7F Fet
HA7195S AAEAH. 7719% F SYBR Gold (Invitrogen,
USA)Z F43te] SL-20 DNA Image Visualizer (Seoulin
Bioscience, Korea)Z band 8-S &<13}9 .
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Aol #8E2 913F Nutrient Agar (BD, USA)9} R2A (BD)
HIRE ZH2E 12, 155, 1/102 3143t 0.5 mle] A|8E =2 8t
5, 10°ColA] 48~ EF w43} heterotrophic bacteriaS: -
3Tt wkEas 152 343 R2A BRI Fo] 71 2
ks & g1 A% o] wiAeA] YERG colonyE =
77} A3 et v A destel SaER 12714 & 727)
E R2A 1/5 BAuiAlo]l HES F 4°C B 10°ColA u)Fslod
g skl
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Cellulase 7AZH]X|(1% sodium carboxymethyl cellulase, 1%
tryptone, 0.5% yeast extract, 1% NaCl, 1.5% agar), amylase 73
ZH]#](0.3% beef extract, 2% soluble starch, 0.5% peptone,
0.5% NaCl, 1.5% agar), protease 7H=8]%](0.5% pancreatic
digest of casein, 0.25% yeast extract, 0.1% glucose, 1% skim
milk, 1.5% agar), lipase FHZ8]A(1% Tween 80, 1% peptone,
0.5% NaCl, 0.01% CaCLH,0, 1.5% agar)?ll 8% colony F°l
A F 3 (clear zone)o] 7V & 23709 #FE Auslad. 7
Zke] 718l gk SAEE 10°ColA 48213 mi Y F b=
colony F99] gk &S 0.05mm SHFEY Y vernier calipers
2 AL St 715, B =710 whet 1~5 mme +,
6~9 mm= ++, 10~13 mm= +++, 14mm oS ++++ 2 5H
S U] E718IE A 7= E@dE 20% glycerololl 5
Aste] -70°Cell A BESH AT

TFo 4 5

7t ] HA 4% 20 7] S8k MR EE tEA
shA Ee g5 AES S8t #2375 10Tl
A 48A17F B F3E ¥ R2 Broth (0.05% yeast extract, 0.05%
proteose peptone No.3, 0.05% casamino acids, 0.05% dextrose,
0.05% soluble starch, 0.03%, sodium pyruvate, 0.03%
dipotassium phosphate, 0.005% magnesium sulfate)oll 1% (v/v)
TEE HETS 0°C, 4°C, 10°C, 15°C, 20°C, 25°C, 30°C,
37°C, 42°CoA] viFstATt. 79 AAAEE 600 nmol A<
optical density (ODg,)E A7t we} 7|53l S35

16S rRNA 7} 7| ML B4

AR TFE F783H7] H18k] 16S rRNA A7IMES 498t
9T} Universal primer (27F; 5-AGA GIT TGA TCC TGG
CTC AG-3, 1492R; 5°-GGT TAC CTT GIT ACG ACT T-3))Z
AHE3le] ZF #59] 168 rRNA F-1A4S PCRE SE3I%0H,
primer 518F (5°-CCA GCA GCC GCG GTA ATA CG-3’) X+
800R (5-TAC CAG GGT ATC TAA TCC-3") (11)# BigDye®
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems Inc.,
USA)S AR88te] A7IMEE EAsAT 2F w72 A7 M e
Classifier (12)2} RNA Database Project Release 10.9 (5)¢} th=
’3}'912‘11, Taxonomic Outline for Bacteria and Archaea, Release
7.7 (6)°l Wt T2 ST

DGGE9] gelollX $4al= ATFES T4 St 8719
735 FBHAS Hol= bandES T8Il 1 G7IMEE B4
3}9th. DGGE AA] 3 acrylamide gel AollA Yehd Z4zke]
bandE Wit ZE Fehlo] FHS 50 uel ¥ sk ¢
4°Col A B8] DNAES 353}t o]& FE o= st GC
clamp7} B7FE) 2] 942 P29} P3 primerS ©]8-5to] 9} U
zRog IS FFA F A7IMES 43T 2 DGGE
bandE FA3H= AlTEE 168 rRNA F-32F 471D A3}
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Table 1. Environmental parameters at the sampling site of Lake Khuvsgul on Aug. 26, 2008

Depth (m) Temperature (°C) pH Dissolved oxygen (mg/L) Conductivity (us/cm)
0 12.8 8.4 8.1 1.86
2 12.5 83 8.0 1.52
5 12.5 8.4 8.0 1.51
10 11.8 8.4 7.5 1.43
25 11.9 8.4 7.8 1.36
50 11.6 8.4 7.9 1.12
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Fig. 1. DGGE band patterns of P2/P3 PCR products. Labels: M=E.
coli; 0~50 m=depth of sampling in Lake Khuvsgul; a~g=bands
isolated and sequenced for identification.
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Table 2. Identification and hydrolytic activities of 23 selected isolates

Kor. J. Microbiol

Depth (m) Strain name Species name* Protease® Cellulase® Amylase® Lipase®
0 1-A4 Acidovorax defluvii ++ ++ - -
1-B1 Sphingobacterium faecium - ++ - -
2 1-C4 Flavobacterium succinicans -+ + - -
1-D4 Flavobacterium succinicans -+ + - -
1-D5 Flavobacterium succinicans -+ - - -
1-D6 Flavobacterium succinicans -+ + - -
5 1-E1 Mycoplana bullata + + - -
1-E2 Mycoplana bullata + + - -
1-E3 Mycoplana bullata + ++ - -
1-E6 Acidovorax facilis + + -
10 2-Al Acidovorax facilis - + -
2-A2 Acidovorax facilis ++ + - -
2-A3 Acidovorax facilis + + - +
2-A4 Novosphingobium aromaticivorans ++ + - -
2-A5 Acidovorax defluvii ++ - - -
2-A6 Acidovorax facilis ++ + - -
2-B1 Acidovorax facilis + - -
25 2-C1 Acidovorax facilis ++ - - +
2-C2 Acidovorax facilis + - - +
2-C3 Acidovorax facilis ++ - - +
2-C4 Acidovorax facilis + - - +
2-Cé6 Acidovorax facilis ++ - - +
50 2-F6 Acidovorax facilis + - - -
# Isolates were identified based on their 16S rRNA gene sequences.
b Symbols indicate the diameter of clear zones of colonies: ‘-> = no clear zone; ‘+’ = 1~5 mm; ‘++” = 6~9 mm; ‘“+++° = 10~13 mm; ‘“++++" =

larger than or equal to 14 mm.

Lipase 2438 Hol& TFE 5m o)) oAtk B2 = A}
At 4% Ae, AR 515 2ol B TH(Table 2).
EZHE 10m7HA] opegst AltgEo] FEsHaL 10~50m A}
ololl = Acidovorax facilis 3¢ Fo] -H3Att. A 2
Acidovorax defluvii= protease, amylase, cellulase &3 0] LR
=3tk 28y 10mollX AEE 4 defluvii T protease &
At HHE T cellulase, amylase= WHE A kT 44
2 mOlME Flavobacterium succinicans?t 5802 AZFH AL
5L protease FAJ0] ]9 Eo= EAS 7T =4 5moll
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nER 7718 B8 2Rl 25y MB

In situ =52} AR 10°CelA FataL Helekd
o1} 7t %LZE e 2o Ao *P%OM %k‘li%iﬂ A2 99

(25~37°C)°ﬂ/~1 AL} 74 =9k THFig. 2). AR E BEe)
¥Z 25m 2T 10m o] A 5 371x]e] Lx
AT BEE BT Z3004 B9 209 f7]E a8 3
= 10°CelA 37°C7HA] Wl A &5t Aol DA
A== eurythermophilic ¥/g-S RSl Ho] EAFo|AY. =4
2me}t smollA] B2lE #FEQ] AF, 25-37°C AlelolA F ¢
S AT E5E Hole Ho| £F ]H e TFEd AP
HE otk 10m o) de] F4lollA ¥ f71E &8l w5
E9 Al 10°CoM A S50} 45l EelE w5l
HIg|A @A3] a1, 30°C e 37°C7HA] XA R ATt
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Fig. 2. Growth of 23 selected isolates in R2 broth at nine different
temperatures after 48 h of cultivation. (A) Strains isolated from 0~2 m
depth (Symbols: O , 1A4; @, 1B1; A, 1C4; A ,1D4; (], 1D5; W,
1D6). (B) Strains isolated from 5 m depth (Symbols: O , 1E1; @ , 1E2;
A\, 1E3; A | 1E6). (C) Strains isolated from 10 m depth (Symbols: O ,
2A1; @ ,2A2; A\ ,2A3; A [2A4; [1,2A5; B ,2A6; <, 2B1). (D)
Strains isolated from 25~50 m depth (Symbols: O , 2C1; @ ,2C2; A,
2C3; A ,2C4; [1,2C6; W, 2F6).
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ABSTRACT : Distribution of Bacterial Decomposers in Lake Khuvsgul, Mongolia
You-Jung Jung', Dawoon Jung', Ju-Young Kim', Young-Gun Zo', Joung Han Yim?
Hongkum Lee’, and Tae-Seok Ahn'* ('Department of Environmental Science, Kangwon
National University, Chuncheon 200-701, Republic of Korea, *Polar Biocenter, Korea Polar
Research Institute, KORDI, Incheon 406-840, Republic of Korea)

To understand the ecological function of heterotrophic bacterial community in water column of large freshwater
lakes in the permafrost zone, we investigated the structure and function of bacterial community in Lake Khu-
vsgul, Mongolia. Species composition of overall bacterial community was analyzed by denaturing gradient gel
electrophoresis (DGGE) of 16S rRNA gene fragments, and bacteria that can be cultured at 10°C were isolated
and characterized. Based on the depth profile of environmental parameters, thermocline and chemocline were
recognized at the 5~10 m zone of the water column. The stratified DGGE profile indicated that the discontinuity
of water properties might influence the structure of bacterial community: band profiles in the 0~5 m zone were
diverse with large change by depth, but the profile was relatively stable at the >10 m zone, with predominance of
the band identified as Acidovorax facilis. Bacterial cultures were screened for protease, cellulase, amylase and
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lipase activity, and 23 isolates were selected for high activity of the hydrolytic enzymes. The isolates were iden-
tified based on their 16S rRNA gene sequences. In the surface water (zero meter depth), Acidovorax defluvii and
Sphingobacterium faecium with high cellulase activity were present. Flavobacterium succinicans, Mycoplana
bullata and A. facilis were stably predominant isolates at 2 m, 5 m, and >10 m depths, respectively. £ suc-
cinicans isolates showed high protease activity while M. bullata isolates showed moderate levels of protease and
celluase activity. A. facilis isolates showed either cellulase or lipase activity, exclusively to each other. Accord-
ing to the profile of growth rates of the isolates in the temperature range of 0~42°C, the surface-zone (0~5 m)
isolates were facultative psychrophiles while isolates from >10 m depth were typical mesophiles. This strat-
ification is believed to be due to stratified availability of organic materials to the bacterial decomposers. In the
water column below the chemoline, the environment is extremely oligotrophic so that the trait of rapid growth in
low temperature might not be demanded by deep-lake decomposers. The stratified distribution of community
composition and decomposer activity in Lake Khuvsgul implies that ecological functions of bacterial com-
munity in lakes of cold region are sharply divided by water column stratification.



