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4> 22)Ae] il ¥)-2 A7}8t ¥ terminal restriction fragment length polymorphism (T-RFLP) ¥
& o] gsled MFTAL) T2l W3S AL} A28 HE 9L 165 rRNA gened eubacterial primer2 -3
3o, 8 primer: 5' Ueto] bioting 3319}, %3 products Haelll$} Alul2 2 242} A5 3, At
5 T Zo]|A] terminal restriction fragment (T-RF)S- streptavidin paramagnetic particleg |83} ¥-2]3}3]
o}, 289l T-RF:= 71955 silver stainingg $3lo] elsigich £ AY] 8A& AF37] A3k BF EF
10 32 g o2 AFHA T, T3t EAAHQ T-RFE 71X = 73 1 57]7} Ribosomal database project
(RDP)9)] AB2HE AAE Aoe} dX3l= AL PRlE 4= Usieh g, x2Foz AMd sisd ArlehA] o
u}-4> A| B M = Acinetobacter, Bacillus, Pseudomonas 4 5-°) $8%& AA 82 U, HE AF5=E 250
mg + ™) H7)8 Wi AR M= Acinetobacter, Comamonas, Cytophaga, Pseudomonas % -] $4%5% A=A
2 ok 2= 912le}. Gelol| A 3-2)8} Acinetobacter®}: Cytophaga®) AFHE T-RF: AT 9 97] Mg £4¢] 7}
%3151, database®] 971X A} v| & A3 Acinetobacter junii®t QA 7} Mg AL HA3A
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AA A MAske BRS vlAdE R QelMel & o
WS A&3H BAshs d& vldE At oA =i
23 BAZ EPn Yok 53] viE T A 24
(richness)¥ A EH B-A(evennessyS o4 21l AAeiA|el W)
AE 7R 7Y zolHE Bl & ola E = vk). Wid T
WS o] g3tA| 2a wAE TG olaiEky] A A Y T
o] shr} BEAESHY WS o)8sh= Zeltkl). Bd
AAS ooz BAAESH wye 8% & A 168
RNAZ 24 oz @4d A737 A= Ak 16S
RNA F3AE AFES 3 5502 188 5 Jde ARE
w3 Qe Fooln, 47 AEe] Wale nAEe] RABAE
gretahe o] f-8-3lth2s). T3 FAE A7}t nlad w7
mj Z-oll [RNA database?] FHE 54 M7 £7F % &4
0] 8% 4 glom Ud EFT 45044 PCR primer R
DNA probeg] 44|17} 7V&38t7] Wlio]th(12,20).

A 739 729 FES osishet o EAEET
9l HhHg 388 ok F2 16S RRNA F32te] d71M<
=7 165 RNAS] 5AT @7IMES H¥E 3= DNA
probeE o] &3+ hybridization®] ITH1D). 18t} o WS B
A7 =8e FeE d) Wi B ARE Ao ok
A8 Aol A4t ot oEd FANES S53)
7] 913t oE AN 2g HEC] /NL=EATh Denaturing gradient
gel electrophoresis (DGGE) (17), restriction  fragment length
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polymorphism (RFLP) (16), single strand conformation poly-
morphism (SSCP) (8), 12|31 terminal restriction fragment
length polymorphism (T-RFLP) (10,11,15) analysis®} 2 com-
munity fingerprinting 3PH-2 sequencing®]t} hybridization® TH=
2o & A AR AFE A, B vE RS e
2 she A9l ASolE AR HHN £aFE D =F
HE 34 o =Y 7 Utk

RFLP 24 WS @3 AgolA 28 #2315 PCRE F
3] FEZA7) ool AFAAE HE|g F 27| FE3HH gelollA]
a3 714 band HEHS AT 5 YedH, )FA dehe
band®] & Al AB9 F deide Jehdoa @ 4 gl
Tt $e)e Ay Zv)e) fulegs nidEe] F ok A
2 ¢S At e 4= girh ©]9 22 RFLP £49]
BEANS Bgstr] 913 WHos T-RELP 4 o] AAH
AcH10). )AL AT Exol o3 ddd o JHe & T
gcke] gk 2E)dle) RAshe PR, 3149 terminal
(5' or 3 restriction fragment’} sh}e] E-FS tiiste Ao
}, olZ Qs BE A1 AelA Y e Ak vidE ¥
o] AAH BEA FFH EAo] 7Helizlth Moeseneder &
(1452 B335 s vIA8E 32 DGGESH T-RFLP o=
Hls #4349, T-RELP o] DGGE Bt 84 o B2
ARE A|L5GoH, T-RFLP % ©] bacterioplankton 77 2]
Fzot HAAGHQ S HryE) 913 v AFEal -8
& whgolela F48ith vk 7123 165 DNA cloning %
How phe EY AR wAE I3 B4 ZARQ)et T-
RFLP WP o2 FYs EY ARE 843 47E Hlugds o
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T-RFLP o] o AfpHelirks H RaE vk 3,
T-RFLP HPHS % 16S RNA gened Ao g2 A¥st=dl,
Z 2ol &= nitrous oxide reductase (n0sZ) gene (22)°]14} ammonia-
oxidase (amoA) gene (6) #-2 functional gene”}A] ZL o]& H
7t FE 3 et

B A& o)M= biotinylated primer2} streptavidin paramagnetic
particles: ©]-8-%+ T-RFLP *P& #&38to] nAlE oy 755
43} }. Biotin®] streptavidin paramagnetic particley} 7388}
= A4E o) &3l Yol w¥(terminal restriction fragment,
T-REREE 202 £l el & AUt 7189 T-RFLP ¥
2 wple 853 FAE primer®} automatic sequencerE ©]-8-3F
Ao 317ke) Aulrt Aol HE T 1S A £
ol 7hsdithe 9S AYL vk 223 T-RFY] A7) &
g ARREE A8 4 gt et B Ag e T-RFY A7]
of #et AR vk oluiz}, gel oA ¥E]% T-RFS 5% H
7MY BAo] 7l B ot whge] §-84S E9lsv)
3l #H Al R Aele Al el FEe) 9
=2 PSS W fEEe 3] WIlkE BT e
o Al 2HE o HEma 2 ZHE 3R] Yo, o] A&
=8 EY ”]"g?—f] THLTE FEE Ty o] At AN
Al MBE T T HRE HE -—«] Qs FHotst
g Aty s} BAo R i)

ez o a4y

BEZF

8% 282 At 73 %&% B218k7]ell 9EA1 168 rDNAS]
TRFLP 11 o189 2] is] 48 /K5 elsh) )
sl {HE w5 10 TS ddeE AYS st Aol
ARE T3 Bacillus subtilis (KCTC  1021). Acinetobacter

calcoaceticus (KCTC  2357Y). Bacillus megaterium (KCTC
3007Y),  Staphviococcus  aureus (KCTC  1916),  Burkholderia
cepacia (KCTC 2475), Micrococcus  luteus (KCTC 10561,

Zoogloea ramigera (KCTC 2531), Enterobacter pyrinus (KCTC
2520"),  Lactobacillus — acidophilus  (ATCC ~ 53545), 18|11
Escherichia coli (KCTC 1039 0., A F&d7H Fdx2:8
oz FoF ok A Wi 2d7) wixelA 24717 F
QF wHeFEE F Sake FESICE R dFENE TS W
< TE gH5-8-<ol %Oﬂl —20°Coll M Eart.

Microcosm
T8 AFA T Hg Aelae] 3 5 L Asled (A
R Nk 4719 bottled] L7Jr zlh—%l ARE | LY
e FAt Aoz AFE F /N9 bote (P1, Pl

phenols 250 mg - /7'°] HE& 7l weg Aelshx] &

& e F AEE HEACL, C)OE ARSI Cl. C2, PL.
P2y BF Al a3 d@F &x9l 27°Co) Al mgt vk (120

rpm)3FATH P1#F CI1-& 25 Fof, P29} 2+ 3F Fof] ke
F23h s AP AEdXe HE B PYme

gl 27 Ald FRT2e] Wk 73

spectrophotometer® ©]-8-5} F¥T 270 nm 7S 3l A
s =

it =&
£E @F % A% AREVH 90e FE] skl
Rochelle 5(19)¢] -5 w6l ol @i}, J A8 2
+, NHEZHE Y DNAE F5317] 5l Sterivex-GV
filter (Millipore, USA)E Al8-8te] 539t 5H A&7}
B8l filter unit®ll lysozyme buffer (150 mM NaCl, 100
mM EDTA, 15 mg - mi™" lysozyme, pH 8.0) 1.0 miE H7}3}s,
37°C SR FE}v] LA 1A17F Tk uke- AlAHew 158 A
o7 5ol AMHE ARE &47 4o Ut} Lysozyme £
S A3 ARE DS S0 Wyt WZAIZl 39 SDS solution
(100 mM NaCl, 500 mM Tris-HCI, pH 8.0, SDS 4%) 1.0 miZ
BWAL 65°CollAM 15% FQF WRSAIRL & ~70°Cel A BE] A, 65°C
oA Fole A& 33 RS ‘%—iﬁ%l 3 ml FAE ©]
£3tod micro wbe® &7 ¥ T phenol (Tris-buffered, pH
8.0)2 X E13}1L phenol : chloroform:isoamylalcohol (25:24 : 1),
chloroform : iscamylalcohol (24 1)S AR 2 13] *2]31%
ok AFAS #Hdle] EFF2 cold isopropanol}  sodium
acetate (HF F% 03 MYE H7F8taL -20°Co A 12417 o
WAlske] ke A AT FARE (14.000Xg, 15 min)F
%, Ae-S2 MHslar, AZRAH DNA pelletS IATE 35 o
T plae?] colonyE B olFAINE &7 Foll lysozyme
buffer 300 u/, SDS solution 300 wis s} a1, o] %2 3}
A2 919 B FUSHA Ste] DNA pelletd AU A
Zef FFETEHRE F59 94 DNA PrepMate (Bioneer,
Korea)2 AAIsI9c AARA )2k TE g oa =9 &
0.7% agarose geldllA] 7] G538t Folsle]on 20“C°ﬂ7\1
HA3E

r°"

Eito| EX

165 rRNA f-3x}e] FZof] o]8-% eubacterial primers= 27F
(E. coli numbering 8-27 : S-AGAGTTTGATCMTGGCTCAG-3")
¢} 785R (E ('()[i numbering 785-804 : 5-ACTACCRGGGTAT-
CTAATCC-3VS AF&3F¥THI). T-RF #8E 98t 27F=
biotinylated pnmeri ARESIRITE PCR HHS-E-2] AL |X B
2 29100 mM Tris-HCL, 400 mM KCI, 1.5 mM MgCl,, 500
ug - ml~" BSA. pH 83), 200 uM dNTPs, 0.1 uM primer, ZLZ]
32 2.5 u8] Taq polymerase® #7138k & 50 wel EFES v
E31, DNA o] 100~150 ngo] S22 H7lgh & w28 =
AlFHTh PCR RE&2318 95°CollA] s8¢ .
95°Cell 4] 303, 58°Coll A 303, 72°CoAlA] 184 303) ukE-Sha
npR el 720Co A 1083 A ERE & hg-S SEA T
PCR product== 0.7% agarose geloll*] 7|56l Eelslyo.
01 DNA PrepMate (Bioneer, Korea)& HA|3}3L —20°Cel|A] B
=t

16S rDNA T-RFLP
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EFE T59 PCR productel] AEEA Heellls H7}3}A
37°CollA 12417 B9 ¥REA1Z1TE Microcosm®] PCR productel]
= ASEL Haelll$t AlS 2 242 WEGAIHCh Ag Ao
°jgt Ad® DNASl 05X SSC HE&doz 393 A
streptavidin paramagnetic particle (Promega, USA)3} 1X SSCE
H7rste] Agor] 108 L vhEAIZ T Magnetic stand® ¥
2] % streptavidin paramagnetic particle 0.1X SSC ¢FE9o
2 MM &, 02 M NaOHE 3718le] 587 dhgA1Z o2 M
biotinylated ssDNA T-RFZHS- 3}=8}99t}. 25% NH,O0HES d1
65°Coll A 1587 BHE-AIAA] streptavidin® . ZHE] DNAE £
ARt YAEE] (14,000X g, 5 min)dhed FE AT Hgk ¥, 20%
U4 FF dxste] GRYokE AASH T T-RFLP LS 6%
polyacrylamide gel (70 M Urea, 1X TBE) °lA4] A714E3to
8151}, Sample 2.5 w9} loading dye buffer (95% formamide,
10 mM NaOH, 20 mM EDTA, 0.02% bromphenol blue, 0.02%
Xylene cyanol FF) 1.5 pfg 490 3% §<QF 95°ColA denature Al
70 F, 939 A3t} 1X TBE 2+5-8< (90 mM Tris-borate, 2
mM EDTA, pH 80)2F 2H3H 6% denaturing acrylamide gelol]
A A9 3k A719E0] B 10% acetic acidE 303
5¢t fixing ¥ ¥, 32} FHFE 3 #4741, silver staining
solution (0.1% AgNO,, 0.055% formaldehyde)© 2 30% &< &
3193t Developing reagent (3.0% Na,CO,, Na,S,0, 2.0 mg - I,
0.055% formaldehyde)Q. 2 3-5% %<b w4 HhEAJH T} Band7}
Vel fixingdl AREEFAE 10% acetic acidS vFAREO.E 2T
gho 2 whg-& FA At

T-RF2| &7 |Me 24

Silver staining 39 polyacrylamide gelolA WeEld F313
product (bandy= BTt FAW] vhsE Zehllo] ol F A
H FFFE 93 30°CelA 12 Al A AT AEdE
template®™ 3} eubacterial primer?] 27F (E. coli numbering 8-
27 : 5-“AGAGTTTGATCMTGGCTCAG-3)9} 263R (E. coli num-
bering 246-263 : 5-TTACCCCACCAACTAGCT-NHZ AE% 3}
At DNA €718 545 98]+ DNA PrepMate (Bioneer,
Korea)Z PCR product® AA|3t Fo] ABI PRISMTM automatic
sequencer (Perkin ElmeryE® A8} sequencingS 3431 th

HIIMHEEZ 0| BB RAUTA 2

A Al59 971483 Ribosomal database project (RDP)S]
database2FE G7IAMEE 1R F Clustal X T2 13 (23)S
ol g&ted A (alignmenty3FH T}, ©] =k secondary structure™ 31
# 8} }. Distance matrixt Phylip package (4)¢] DNADIST X
ZaYPoZ AT, Jukess} Cantor?] (1S AHE-3HY
t}. Fitch-Margoliash ZZ 102 AFSE A,
Bacillus subtilisE outgroup®. 2 AM8-315th

#x ¥ o

HZE #%2| RFLP2} T-RFLP
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3, biotinylated primer$} streptavidin paramagnetic particleS-
o]-83t T-RFLP el HH=E RI3y] 918t & T 10
TFE e s 48 7YY £F IFE2] Heell2 A
gl RFLPS} T-RFLP HE-2 6% polyacrylamide gel 4] A7)
A58 B3 THFig. 1). RDP database (12)9] 16S rRNA
A7IMERRE Y T2 5 T-RFY Holg ALFEES o,
Bacillus subrilis, Acinetobacter calcoaceticus, Bacillus megate-
rium, Staphylococcus aureus, Burkholderia cepacia, Micrococcus
luteus, Zoogloea ramigera, Lactobacillus acidophilus®] <)==
5' T-RF9] Zole Z¥7} 308, 252, 233, 310, 202, 228, 226, 246
bpAtt Fig. 1914 B 2 2ol 5§ T-RFE UYERNE laneolA]
E5 &te] bandihe 90T = A, gelol A E1E 5
T-RF2] Aol+ &2t 308, 253, 233, 309, 202, 229, 227, 246 bp
2 gFuitk A2 98 153 T-RFE B XU} Enterobacter
pyrinusSt Escherichia coli A|2]3l31= databaseZF-E] AALR
Aolg} HuHE W 27} +1 bpE A2 o7t AU AE
A2 oAsE= 5 T-RF 4ol7F 39 bp2l Enterobacter pyrinus
S} Escherichia coli®] 7-$9l= §' T-RFE geloll A #2138 4= g1

M1 234567 8910M

| SR
308 o™ - w . 4=308
] o
233 ~ == A~y - 4233
b/"‘—:w::”
167-» 15

Fig. 1. RFLP and T-RFLP analysis of the reference strains. Lanes M,
Size marker; 1, B. subtilis; 2, A. calcoaceticus; 3, B. megaterium; 4, S.
aureus; 5, B. cepacia; 6, M. luteus; 7, Z. ramigera; 8, E. pyrinus; 9, L.
acidophilus; 10, E. coli. The left lane with multiple bands and right
lane with single band under lane number represent RFLP and T-RFLP
of each strains, respectively. The PCR products were digested with
Haelll. a: biotinylated ssDNA of 5 T-RF, b: complementary strand of
the biotinylated ssDNA of 5 T-RE.
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AEd], o]AL 6% polyacrylamide geloll A& 70~500 bp H$|<]
DNAE 2&]3l7]o] 2§sl7] vliolch2l). o] H& Bestr] $
A w5F Z7FAZ] polyacrylamide gels AHE8la A7]|9%
AIZHE =E3PE 70 bp o15te] Holg FE-3E] BT + US
Aolt}, w3 TR FF9 AIEAE He|stH thE =719 T
RFE THEA F2.& 6% polyacrylamide gel AolM% Eglo] 7}
314 BT}t Enterobacter pyrinus$t Escherichia coli®] 73929
5 FF7F e Alg fael o) AdEo] A7 5 T-RFY
Zol7} B-e Aol O 79 AS 45 AdaiA
g 5 oFE A 5 A "ok mEbA BEe A9 A
Bl A Qtell M2} vl g ol 2 8E Wl F FF ol A
3 AT ol8dhs Aol vk A Aeg BEnt

T-RFLP 54 oM £2 ALE3he A E4hET Al
BstUlL, Ddel, Haelll, Hhal, Hinfl, Mspl, Rsal 5°] th(10). A
FHae] Aele T-RFLP #4 whol QlojA o9 F8strhar
3t 4= glE=d), RDP database®] 168 rRNA 7| 23E] Aib
sted L& 4= QU ribotypee|tt 5' T-RFEZ 3' T-RFY] 75§t &
& Ausled A& 5 vk 279 926RS primer HOE P
woll = Hhal? MsplE 228E& W), 27F9} 536R< primer 242
2 A wols Heellls M S o, 7P B 9] /e
5 T-RF Z°o]& Bch10). wWetd 2 Aol Me HaelllE A
3 F48 AMRSIY.oH, RDP databasedl| A9 & 7153 o
o] % B, gelol X DNAE Ee]3l7]d 2Hg mvlo)7] o
Fol] 27F} 785RS primer 0.2 A =3IH T

EF 759 RFLPNAE RDP database®] 16S rRNA §7]A]
d2RE Ak Zdolot dRjghe AL Rl = U I
Zo e o8] 749 bandE 7= A B 5 e, o]
Ao &l 7Y wv & BAVF HAe AR, 7 wF o
o] 4] U= A A AE] AF-olE geloll A o 79
band7} UER7] wlFe] Alge] vlAE ot B3 Ayt
stolg = S B AR QhollMe] A BT G FA o
B7hsslch 18fuh T-RFLP S o] &8 A9 Zxpxy shu
o} B-87o] 31543 T-RFE 7H2 2 o) ujEol KA4atH)
Ao gle A A AlFEQ Aols fa A&skAl B4
) By A Bao] 7hedhAl Herh B3] £ Aol =
T-RFE ¥83l7] 93t biotinylated primer?}  streptavidin
paramagnetic particleE ol-&&t=ul, darE o] 7je] o F
ol 4] biotinylated ssSDNA T-RF7Fe] streptavidin  paramagnetic
particle™} A¥}sh= HAE o) &3t w#Fvitte] 553 T-RFE
2o 4A Eelal d 7 AT

A, Fig. 19] RFLP laneolA a9} bE FAIE 5 band?}
), a2 FAIE 92 band= biotinylated ssDNA T-RFe|™, b
2 A9 o}Z bande a0l AH ZS] single-stranded DNAC]
t} o]#)3t A7t UeE oA F strand’} primero] AFE
biotin®] A2k} xlo| & Q13)) denaturing geloll A A= el 7]
el HoF A}

MicrocosmOfiA{ 2| H| & &3
Microcosm®] #l& 23] Y-S spectrophotometerS F3l 35

ol gt M ZR ) W 75

T #EAG AHY AR ARd HAsd HF w=ot
250 mg - 17'0] =5 HIRIHE. Al dss Akl |
o] FEEE 43 A% AFs) & IiRg AR 438 A
of g £ wE HlEe] ke FRIHA 3ttt 270 nmellA
ST wlEe] 2 Al mEt FaPH oz ks S
HEL, 337 F oiiE 2dd A& FRladtkFig 2).
Microcosm?] #H|& #3l T 4.6 % - day 't vl 1Y ¥
ol microcosm Al E7F =L H7] AIAG ], o] AL 2
d Fol] g sk wolrizh 3U FRE sy aal
Ay #Eo] Fraglel wet A0k A @S HA wobEoh o
Al GolA= RAE #HRIET HlEo] 3= A catechol# 2-
hydroxymuconic semialdehydeBbe F3F AL 2HEo0] A7)= A
o2 A dud, ol#d HHEo| =@ E Holn 77}
275 nm9} 360 nmoll Al FREE Hole o d#A Ut
Catechol©] 2-hydroxymuconic semialdehyde 2 % =H] #o]dl=
B0 catechol dioxygenase gene® B 4 A= primer (5)
CatE2  (5-GAACACYTCGTTGCGGTTRCC-3)9} CatE3  (5-
GGCKGTGCGTTTCGACCAC-3)2.2 F% 3 23, CI, C2,
Pl, P2olA 5 FE5e 2 g1 5 AUrt (AT data=

50 B

phenol degraded (%)
[\e)
(6,1

0 5 10 15 20
incubation period (days)

Fig. 2. Degradation of phenol by indigenous bacteria in the microcosm.
Degradation of phenol was monitored by a spectrophotometer(A,,).

b e KON

(@) (b)
Fig. 3. Genomic DNA and PCR products of the effluent water. (a)
Extraction of the total DNA, (b) PCR amplification of 16S rRNA
gene. Lane M, size marker; [, C1; 2, C2; 3, P1; 4, P2.
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HAV8HA] eE3he). o] Aol A BHF AR <ol Waks: ek
o] Hajlo] 23} catechol dioxygenase geneS 7HA|1L = 7]

Ao IThe A WA 5 AL

Microcosm Ml %{2| T-RFLP &4

Microcosm C1, C2, Pl, P22%E $Z3} genomic DNAS}
PCR productss 0.7% agarose gelllA] E18l5 0 W(Fig. 3), Al
o 789 Hile BF FF9] T-RFLP 48 A9z R E 784
o} ol biotinylated primer®} streptavidin - paramagnetic
particleZ ©]-&%F T-RFLP HPH o & B48 5= QI AhFig. 4).

Fig. 40lM Xz A3 2ol 4702 microcosm A&7} M2 T
2 T-RF profiles JERITE £38E T-RFY ZoJ& Fig. 590
VEhAATE. Haelll$} Aluldl] ©]3)|A "FE0]Z1 T-RF profiled]| A
T-RFse] Zole Z+7t 188-539 bp, 154-503 bpo] WG om,
Haelll profiled]= & 43709 ©hHo] X% Alul profiled]
E % 30709 T-RFZ £3lar AAth. Geloll et T-RF &
oA A WA 2% o]F& AABhRE AL w2 HFSIAL
20% ©1 AL 4”2 R EHBIATHFig. 5). Haelll ClolXHe=
254, 227, 222, 220 bp7}, C2o| A= 222 bp7t Z3l bandZ Ko

308

@ (®)
Fig. 4. T-RFs profiles of the effluent water (lane 1, 2) and microcosm
added with phenol (lane 3, 4). (a) The PCR products were digested
with Haelll, (b) The PCR products were digested with Alul. Lane M,
size marker; 1, Cl; 2, C2; 3, P1; 4: P2.
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T-RF No.|Size (bp) | C1 [ C2 ! P1 | P2 ||T-RF No.[Size (bp) [ C1 [C2 [ P1 [ P2
1 539 + 1 503 + + +
2 502 + + + 2 484 + + + +
3 479 + 3 449 + + + +
4 451 + + + 4 418 + + +
5 435 + + + + 5 285 + + +
6 429 O I T 6 283 + |+ [+
7 421 + + + + 7 276 ++ + + ++
8 412 R I . 8 273 + + 1+
9 398 + + + + 9 267 + + +
10 373 + 10 250 ++ + +
" 334 + + + 11 242 +
12 332 R I I 12 240 + ]+ ]+
13 321 B S S 4 13 238 + | + |+
14 316 + 14 236 + |
15 307 R 15 233 PSR
18 301 Ll . 4 16 226 +
17 295 + 17 223 +
18 29 S R 18 219 + |+
19 R A e 19 218 -

20 282 . 20 27 +
21 263 + + + +
T e
23 28 * 23 T I I I
24 254 + + + 24 504 " v " n
25 247 - 25 1991+ o |
26 241 ns 26 198 ¥ T | =+
27 e L 27 193 - +
28 225 s e B 28 189 B
29 222 ++ |+ + + 29 180 =
30 220 v o 30 156 | + | + = |+
31 217 + + +
32 216 + + (b)
33 214 +
34 212 +
35 206 + +
36 200 + L+ |+ 1+
37 197 |
ag 196 + |+
39 195 + |+
40 193 +
41 182 -
42 190 + +
43 188 +
(a)

Fig. 5. T-RFs identified in the T-RFLP analysis. (a) Digested with
Haelll, (b) Digested with Alul. ‘+" symbol represents the bands whose
area is greater than 2%, ‘++° symbol represents the bands whose area
greater than 20%.

Aok PlollM = 254, 220, 197 bp7b EA Har, PollA+=
22034 197 bp7F 53] FskAl B\ C13 coll M= A Kol
2] e 197 bpe] T-RF7} Pl, P29l A& 2§} band2 VERY
= AL ok

Alul profiledll Al T-RF2] 4 Haelll profile®] 70% FFOo.2
o e 49 TRFE BT, 27] HAE 9 ol=l= 30 bp7t
2HA el e A gttt o] 42 Liu 5°] RDP database
2Ry BEAdsted 2% By &y dXgh= AHIThI0).
Alul profile®] ClollA= 276, 250, 233 bp7}, C201A< 236 bp
7} 1%+ band2 BH.0H, PlollAlE 233, 199 bpe] T-RF7F &
3] 284 Brk 18] 154 bpe] T-RFE H|iwF kA B
oAtk PollAlE 233 bp7Z} P1ol] HISRA] o} &AL 199 bp
= P1 YHE 53] F3kA JERTh 12]3 1999} 154 bp= Cl
) C2oll A= A BolA] kot HiEs HuRs AR =
dulH oz ¢fo] F7hgk Ao R Bt oM AFE Cl,
C2, P1, P24 2] 2% bandol| s|Fsl= ol TFE2 RDP
database 2R E] EA8)a] z}2} Table 13 20 vehdic) ci13
C291 X Haelll profiled| A1) 254, 227, 222, 220 bpoll d]2= =
TFA T Acinetobacter, Cytophaga, Lactobacillus, Propioni-
genium, Alcaligenes, Micromonospora, Bacillus, Propionibacte-

rium, Sphingomonas, Lactobacillus, Pseudomonas, Planctomyces
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Table 1. Putative bacterial genera of the major T-RFs in the effluent
water
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Table 2. Putative bacterial genera of the major T-RFs in the effluent
water added with phenol

T-RF . T-RF .
* . * . 5 ’
Enzyme* No. size (bp) Putative genera Enzyme* No. size (bp) Putative genera
24 254 Acinetobacter, Cytophaga, Lactobacillus, 24 254 Acinetobacter, Cytophaga, Lactobacillus,
Propionigenium Propionigenium
Haelll
27 227 Alcaligenes, Micromonospora, Bacillus, Pro- @ 30 220 Pseudomonas, Planctomyces
Haelll pionibacterium, Sphingomonas, Lactobacil- 37 197 Alcaligenes, Burkholderia, Comamonas
lus
7 276 Pseudomonas
29 222 Pseudomonas, Planctomyces
15 233 Acinetobacter, Pseudomonas
30 220 Pseudomonas, Planctomyces Alul
25 199 Arthrobacter, Streptomyces, Cytophaga
7 276  Pseudomonas ”
30 154 Comamonas
Al 10 250 Bacillus, Pseudomonas
u *The T-RF numbers the sz ith Fig. 5.
14 236 Bacillus, Acinetobacter © nurbers are te same with Fig
15 233 Acinetobacter, Pseudomonas

*The T-RF numbers are the same with Fig. 5.

subdivision

=

€
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-
Beggiatoa aiba \
e} in finum
Acinetobacter radioresistens
Acinetobacter caicoaceticus
Acingtobacter junii Y
1 Acinetobacter iwoffii
Acinetobacter johnsoni

V:bno choleras

Cardit horninis
X
i ™
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gonomhosae B

o

Alcafigenes faecalis J
—i Pasteurali

E.coli Y
i -

0.1

Fig. 6. Phylogenetic tree based on the 16S rDNA sequences of the
division proteobacteria and T-RFLP band amplified from microcosm
P1. The scale bar indicates 0.1 substitution per nucleotide.

5ol ATk 2831 Al profile®] 276, 250, 236, 233 bpoll i
Ee T3 Acinetobacter, Bacillus, Pseudomonas 5°] ok 5
Ag FAel profiledl M FEEE FFAE Acinewbacter,
Bacillus, Pseudomonas &°) JTHTable 1). ¢l ¥FEL& Al
(Cl C2ll 54 g2US AFshAe AskARt defl As el

ol vlge] YRS o) §3te] WEA RoE F2Ho)R

o}, 12]3l Pl, P21 7B9-oll= Haelll profileoll A Acinetobacter,
Cytophaga. Lactobacillus, Propionigenium, Pseudomonas. Planc-
tomyces, Alcaligenes, Burkholderia, Comamonas 5°] 254, 220,
197 bpE VEFE 4 JAT. Amd profilecll A1) 276, 233, 199,
154 bpoll=

Cvytophaga, Comamonas “5-°)

Acinetobacter, Pseudomonas, Arthrobacter. Strepto-
3G = ATH(Table 2). 97]
oA FEET W2 Acinetobacter, Cytophaga, Comamonas,
Pseudomonas®., ©)1818F 50| HE o] Tojsl= Hog
Aoz}, 53] Pl Al&2] Hgelll profiledl A 22l® T-RF
oA Acinetobacter, Cytophaga®l] NG =-= 254 bp =L7]9]
band& Felste] H7IMEE 493k A2, proteobacteria y group
ol &3= Acinetobacter junii®t -F-AHdo] & AL @l
(Fig. 6). webAd T-RF2] =78 #3l i B850 AR
(Table 20l 277t S-S ¢ —? AN B & JEg FRE
A7) el o] FFE AFALE ARS8 o] &A%
X]"J, T-RF] @7 1MEE —‘?‘ﬁ?{uilﬁ R I E R
HEE 4S5 F Ak @9 Pl C1F} 2 o B& T-RF
5 BYok a2ty 79 F2l Pol M ThA] oF 209 Ax
A3 A& B 7 AU o3 Hm Bl A dofshe
F g EEo] tAPE @ REA FH - o2 UL, H)
wo] ghds] Eefl Fol= oAl mdEe 4t Ut Aagnt
= AE FAS & 4 vk sl sS40 nAE A Bl
AE7h Ak s ARzt ohe) 3 F
v—rﬁ}t e nefs) Boid dF 7les A

myces,

N

2
B33 H 2% primer®} automatic sequencerE ©] &3 7]& 9]
T-RFLP £4) W& 17te] Auo} P44 =208 da g
stohs ©3E AYal glon, T-RFE w2 Bl ¥ 5 Q17
ol T-RF2] zi7]of &3} ke o9 4= gict 1} B
AF e T-RFQ| A7)0 93 Jum b oljg}, geloll A B
2)8 T-RFY] A5E 9 97149 E490] 7Isaldt B8 A
Qtell A2 Fmi Eashs H4ES silver staining 3G olA L}
WA e AS7F B, geldlA 28 4~ e DNA FU)E
A$HE o] ¢)7] WEol automated sequencer® ©]-&3}F HiH o] 1]
34 ofA FA-o] Bokal 3 = UX]Y, biotinylated primer2}
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streptavidin paramagnetic particleS ©]-83F T-RFLP *'H& AJEl
A oM M FH TE A =YUEE W, &3 7
AFoldche HollA w88 golefal & 5 AT
oS ] e S olalEty] g BN ESH
o WY ML XFE ALET Ut 23y old WHE
T cell lysis®} Ak FF o] AgHOo T o|FoX|A] &
Aolle VAR 3 HAE BgeA EIA Foh13). Be
Huxda ZdAL] A EREQ cell lysis?} 3 FE2 B
Aol tisl #3E(18,24,26)%F Bt AT} E2 AESHH WHER
o B8 At 7 43S A cell lysisd] &8, A =
o] &g, Aite] FF e, aEal G A o A A
o] M=A] Hgsojol & Aot} g3 nE o] HE B
S ARE AT ¥ o} A =F5EE FY 5 Je AT
o] APk st Aol oA g Fasita & 4 9l
oo, o7 AE Q9] n|E YA 4o 388 5 3ok

dArtef 2

o ATE HetrjeRod Adshs FATTIATNAIG
shuiel A7 eI oR FaE AdUh
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ABSTRACT : Characterization of Bacterial Community in the Ecosystem Amended with Phenol
Jin-Bock Kim, Chi-Kyung Kim, Tae-Seok Ahn', Hong-Kyu Song?, and Dong-Hun
Lee*(Department of Microbiology, and Research Institute for Genetic Engineering, Chungbuk
National University, Cheongju 361-763, 'Department of Environmental Sciences, Kangwon
National University, Chunchon 200-701, *Devision of Biological Sciences, Kangwon National
University, Chunchon 200-701, Korea)

The effect of phenol on the change of bacterial community in the effluent water from a wastewater treat-
ment plant was analyzed by PCR and terminal restriction fragment length polymorphism (T-RFLP). The
fragments of 16S rDNA were amplified by PCR with bacterial primers, where one of the primers was bioti-
nylated at the 5'-end. After digestion with restriction enzymes, Haelll and Alul, the biotinylated terminal
restriction fragments (T-RFs) of the digested products were selectively isolated by using streptavidin para-
magnetic particles. The single-stranded DNA of T-RFs was separated by electrophoresis on a polyacrylamide
gel and detected by silver staining technique. When 10 standard strains were analyzed by our method, each
strain had a unique T-RF which corresponded to the calculated size from the known sequences of RDP data-
base. The T-RFLP fingerprint generated from the effluent water was very complex, and the predominant T-
RFs corresponded to members of the genus Acinetobacter, Bacillus and Pseudomonas. In addition, the per-
turbation of bacterial community was observed when phenol was added to the sample at the final con-
centration of 250 mg - 1" The number of T-RFs increased and the major bacterial population could be
assigned to the genus Acinetobacter, Comamonas, Cytophaga and Pseudomonas. A intense band assigned to
the putative genera of Acinetobacter and Cytophaga was eluted, amplified, and sequenced. The nucleotide
sequence of the T-RF showed close relationship with the sequence of Acinetobacter junii.
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