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Abstract — There are four key factors for gas-phase biofilters; biocatalysts(microorganisms), packing materials, design/operat-
ing techniques, and diagnosis/management techniques. Biofilter performance is significantly affected by microbial com-
munity structures as well as loading conditions. The microbial studies on biofilters are mostly performed on basis of
culture-dependent methods. Recently, advanced methods have been proposed to characterize the microbial community
structure in environmental samples. In this study, the physiological, biochemical and molecular methods for profiling
microbial communities are reviewed, and their applicability to biofilters is discussed. Community-level physiological profile is
based on the utilization capability of carbon substrate by heterotrophic community in environmental samples. Phospho-
lipid fatty acid analysis method is based on the variability of fatty acids present in cell membranes of different micro-
organisms. Molecular methods using DNA directly extracted from environmental samples can be divided into “partial
community DNA analysis” and “whole community DNA analysis” approaches. The former approaches consist in the analysis
of PCR-amplified sequence, the genes of ribosomal operon are the most commonly used sequences. These methods include
PCR fragment cloning and genetic fingerprinting such as denaturing gradient gel electrophoresis, terminal-restriction fragment
length polymorphism, ribosomal intergenic spacer analysis, and random amplified polymorphic DNA. The whole community
DNA analysis methods are total genomic cross-DNA hybridization, thermal denaturation and reassociation of whole extracted
DNA and extracted whole DNA fractionation using density gradient.

Key words: Community-Level Physiological Profile, DNA-Based Methods, Gas-Phase Biofilter, Microbial Community
Analysis, Phospholipid Fatty Acid Analysis
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At 4 | el Al A AAR SR 8 olFt HaL
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+ A EF87]< (Environmental Biotechnology)> U} -2
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Fig. 1. Key features of environmental biotechnology.

sl5kgst Ml48AH HM25 2010 48

S AV AT B vk 07 At rVsste] A A4t
=31 §lTH26-40].

e o 9 I fY18EE MEl e Aol e dE ¢
4o B Q4 7)ol vis) 7] wEslar, vlo] 2\ 9] o 9l
VOC AA dsell 71 & Q3 vixle vdE vl As 54895
AR HA W e S5, de] W 549 Hale maE ?Lél i
Ae EE-s njo| 3 v E Erf%él EAel w3t A5 AN
skal, 71 F/3el tis) Adwgetast st

2. H7}A X2l HIO|ILEE2| 7|E K&

o
E

Qe F2 N 24 V)& A, A (L), Al
, Ak gl #h] 7)ol th(Fig. 2). Rlo] @ E ol AREE= EAlE
Sl v]AgES] e FaE) W2 FC biomassE 1YY 4
T H A, U oAl v ol FHold vl S 714
of sHEnt o} A sloiok 31} 12,22,29,30,36,41,42].

Q2 A5S #sh= AE) (UV@%)OH gt A4 () &
A7k EAE WEE 7 e 5 mAEE wiek, i) 54 ]
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Fig. 2. Key factors demanded for gas-phase biofilter.
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7] 7Rs T4 59 Hal 271 Walel] st A 5l Lx7]%0|
ok @ At 2Ey 1 Qlrh23,44,45,50,51]. Hl0] QD E 7L H A
G§ 7hssl 71=E Yale] SleixE vlo|ogE e Hdst,
2 A¥E B2 -8 B E Fste] A7 A S AR
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st

s o
2 s e vheFstar, EatAAloln] EelSA o STt
A 2o] 3l BASA Q1 F-8) 2271¢] tigh vlo] @8 E1 Y A2 A5
S ®Hoh StA1717] Y8, Ble] 22 E] 9] transient response]] THEH
A7} A8Y=]o] Fig, 30l AT T g7} Z4=]ojok Si{52].

$-4, vlo] 2 HE] 9] transient response]] thEt K7} SH = 7] &
A=, ok 270 Wstel] tigh nlo] @ E 9] e QA=A A E&S
EUHYSI, pH, 5%, T, Aes, e o9 22 &
2]-3}84 parameters A5 0 F A& I Q7 Ivh2,51]. XS
ok 2271 Wslel] wt nlo] eAE ] des AR ke
u A& 3 dynamicsel] T3l 158k, P]AE 75 dynamics®} vf
o|FE 57t IS T o E FAske 22 nie| e
B s &dell 3lo] w523k AAlo|t}H51,52].

Hlo] 9= e EA Fallsg Bdshe A vlETE B
3fo] thoket 70 n|AEEC] USHE2] nicheE 7HA| L 23
Al A2lekar Qs 2 AR & 4 k. 23], A571A1<] vt

1. Development of rapid and 2. Characterizing entire
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Fig. 3. Researches for accumulating knowledge of transient response
of biofilter.
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122819 nBEEH A7 Otk LA Halle] £8 9F
P07 7dEE 54 vdEe] & el 7o) ghEolA]
H 3 QTH12-16,18,30,31,25,30-32,43]. 23| HZol| S04 uvf
23 vAE 73 Aol gk A7 st o2 s 1 9l
= AAolct.

Hlo] QoA 2FEH A Aol 2 Aghs & ZloF Ty
= 54 vAEel tist A7 AL o wljeFell 7] %E skl 1
w0} 2TH12-16,18,20,31,25,30-32,43]. Wb, ARE-aR= 1A <]
22 9 wjek 2ol whet, AEjEofx)E mAESo] deplel whet
n)ESHA 17} = At AlghE RN AojR)= A o]
AETHS32,5]. ok, v E ] DAlAE L9ERS] ksl
ek AR & QU] v, 5 i § 295 wsleel
Wt AR MR asljof sl g, AT Alte] Hol A
= 59 FA7F

2 50] nAAE TSt okelAl= Ji7le] nlgEe] ohd
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A wo] GEHIL = HA vlE Al WA AR Y,
sk ] Bl AP e R o e, 2h o] Tl
Bl 71 5/3& Table 19 oFso] LERAQILHS5].

4-1. [k 98 Community-level physiological profiles(CLPP)

Community-level physiological profiles(CLPP) -2 2155 3174
Alge] AR THEY 5498 AL vlasy] S8 2 %ol A
257 9l WHHOITH55]. Garland and Mill [561&- 95 52] §k4 7]
A= 96-well microliter plate(3+ wellolli= E-ax7]2o] S0190A4] ok,
27072 B8)2 ]85k CLPP WS AleISiTk(Table 2). B3,
FE AR v TR B8R 31 T ©4F o837 Eco
plate7} ©1-8-] 3 QIH57,58]. ZF7+4] welk- 7+ ®EA¥} §H) 418}
S XAJRIQI AR tetrazolium violeto] X34 0] SJi=Tl], tetrazolium
violetZ &5 &2 3= B0l TrAaE o] welle] AHs7E Jofit

Table 1. Summary of commonly used microbial community profiling methods[55]

Methods Main approach

Target populations

Comments

Community-level physiological Assess sole-carbon source utilization to
profiling (CLPP) using Biolog  determine physiological capacity of
microplates community

Fast-growing cultivable
organisms

Relatively quick and inexpensive.
Difficulties with analysis and interpretation

Phospholipid fatty acid analysis Assess community structure based on
(PLFA) variability of membrane lipids

Entire community

Most variability associated with bacteria not
fungi. Overlap among groups for marker
PLFAs

Sequence analysis of DNA clone Catalogue species richness and community

libraries RNA (or other) genes

composition by sequence analysis of ribosomal

Bias associated with DNA extraction and

Entire community or portion of PCR. Expensive and time-consuming to
(depends on PCR primers)

sequence full diversity from a single soil
sample

DNA-based fingerprints(c.g. Create visual fingerprints of whole

DGGE, T-RFLP, RISA, ITS) RNA (or other) genes

Entire community or portion of

communities based on variation in ribosomal .
(depends on PCR primers)

Bias associated with DNA extraction and
PCR. Resolution may inadequate for diverse
communities
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Table 2. Carbon sources employed in BIOLOG ECO plate[57,58]

No. Carbon source No. Carbon source
1 B-Methyl-D-glucoside 17 N-Acetyl-D-glucosamine
2 D-Galactonic acid y-lactone 18  y-Hydroxybutryric acid
3 L-Arginine 19  L-Threonine
4 Pyruvic acid methyl ester 20  Glycogen
5 D-Xylose 21  D-Glucosaminic acid
6  D-Galacturonic acid 22 Itaconic acid
7  L-asparagine 23 Glycyl-L-glutamic acid
8  Tween 40 24 D-Cellobiose
9  i-Erythritol 25 Glucose-1-phosphate
10 2-Hydroxy benzoic acid 26  a-Ketobutyric acid
11 L-Phenylalanine 27  Phenylethyl amine
12 Tween 80 28  a-D-Lactose
13 D-Mannitol 29  D,L-a-Glycerol phosphate
14 4-Hydroxy benzoic acid 30 D-Malic acid
15 L-Serine 31 Putrescine

16 a-Cyclodextrin

Al At =, ]f*J} Kl 7—}7—1}5‘4 well:= A|7to] Zzsto]| uh} u)
O AZk WL oA Eu, o]
Ae BHFFTAS A5 %ﬁ T2 Z73k= 30| microliter
plate—eg -85t CLPP 2419 dglolct. 7129 well®] F4% %
S RG] thoE BAyst & olF welld] Hat A e
= average well colour development(AWCD)Z FA]3H}H57,58].

CLPP "2 A3 wheA v s o+ 248 & 4= 9)
ok Zefvt o] 71 A3 AR ik 24 stelld vER =
u|AEe] el &S] wiiell, AA| ARAAlelA Q] wAEe] &
/go] A YA B EER | gisiF e EFE, 349
to]E] 2] A7} gljAdo] o Hri[59].

4-2. M3|StX HiH . Phospholipid fatty acid analysis(PLFA)

Phospholipid fatty acid analysis(PLFA) ¥ 7] A8=-2] Al3ZE ]
k] T3-S phenotypic fingerprintings: ©]-8-5107 tiokst 317
AR WIS 4% #415H WHoITHSS] PLFA WHE 67
S A7be A RESE A 2d1e FE5 F 2 Ao] wj=
& b o ® 1A e o] FEURS o] Bal] A m e 1A
F2 3= Zo]t}60]. Phospholipid fatty acidst fatty acid methyl

O

10 1l oo

el

esters(FAME)E. W= o] wj Z}zke] {33 k8- 74| A=2rkE
JeE R BAEh ZF A59 profile> 5% PLFAS] THL=(E
A= v A==, oE PLFAYE 574 v|AE 1ol dish
YA (marker)ZA] AR 5= QITE. Table 301 5797 AE2] maker
2 o]gd 4 9l= PLFA types YERH Zolth61]. ¥ PLFA=
theet T2l 1*!%@ el kR g4 R Eiaby] et
o] lth. AlZE Alo|ollA] PLFA profiles H)w3Fo 2x 74 T

Z9] Aol rﬁ“‘ 2= Qlth61]. B3t PLFA A#=23E 77 72
oF 3 W Aol o] e HESH| S8l vhekst S 71
(principal components analysis, correspondence analysis, multi-
dimensional scalingy= AR-3HC}.

4-3. —E—Kl-g%%"ﬂ I:<I3|-I:H
DNA 5%, PCR T, 9l 7|44 3} 22 AP e
Zese weR s, A mAdE L A e e =
FE 9l wjekaby glo] AlEE2HE] AHA 0 F DNAS F556)0]
AE SRS ke o] Zhs sl HoIH53-55]. o] e
Partial community DNA analysis®} whole genomic community DNA
analysis® 1A - 72 :IL—FUL = QA THFig. 4)[53]. Partial commumty
DNA analysis "> P 587 F3-8 PCR & AA T5A
N, 17N SHA R TR o vA vdE s EAst
+ Z°]t}. Whole genomic community DNA analysis -2 ©]4d
= TR ORHE FE5 DNAA AAQ fAk JRE At
of M A ek el
4-3-1. F %] DNA -4 (Partial community DNA analysis)
2 T3 DNA 24142 PCR ¥l 28l S5AX 7ML=
X5k= A O =, ribosomal operon] rrs -4 (165 rDNA)S} rrs
&} rrl 72} A10]9] spacer?! intergenic spacer(IGS) 16S-2387} %
o7 AREEE F7IHDREolTH53].
4-3-1-1. PCR fragment cloning 2 characterization

o] W2 DNA FE==7H PCR & AA 4& 229 s
Q7MY FRE o] gl whEE|o} 77 9] il S Od = Ao
2 VMG ARE BATko 2 Yok n| S s W
QTH53]. &3, DRA B RTE H& GGy} o]n] %ﬂ Q= 1)
AE £ 4 RS M2 v wdo 24 ngE FAlo)9 A%
WhAska] AFMIS 5T 5 QUTh62]. =, ©] 7IHE AlRE Al

Table 3. Phospholipid fatty acids commonly used as biomarkers for specific groups of microorganisms|S5]

PLFA type Indicator for

Common PLFA used as marker

Comments

Monoenoic unsaturated and

Gram-negative bacteria
cyclopropane unsaturated

16:1w5¢, 16:107¢, 16:107t, 16:109¢
al6:0, cy17:0, 18:1m5c, 18:107c,
18:1mtc, 18:109c, cy19:0a

> Occur in some Gram-negative (sulphate-
reducers)

Terminally branched and 10Me

branched saturated Gram-positive bacteria

i14:0,115:0, al15:0, 116:0, a17:0, i118:0, Occur in Gram-positive bacteria and
10Mel16:0

eukaryotes in lesser amounts

Saturated straight-chain (<20C) Bacteria (non-specific)

14:0, 16:0, 18:0 -

Methyl branch on 10th C Actinomycetes

10Mel16:0, 10Mel7:0, 10Me18:0 -

Polyenoic unsaturated Fungi

182206 (18:1m9c, 18:3w3)

Occur in other eukaryotes and in bacteria

Microeukaryotes, higher plants,

Saturated straight-chain (>20C) mosses

20:0, 21:0, 22:0, 23:0, 24:0, 25:0, 26:0 -

Polyunsaturated Microeukaryotes

20:3w6, 20:406

Rare in bacteria

Ratio of monoenoic precursors to

cyclopropane PLFA Stress indicator

16:107c/cy17:0, 16:108c/cy19:0

Lower ratios (< 0.5) found in healthy, non-
stressed populations

Trans/cis ratio of monoenoic PLFA  Stress indicator

16:107t/16:107c, 16:108t/16:1m8¢

Lower ratios (< 0.5) found in healthy, non-
stressed populations

sl5kgst Ml48H M2E 201041 43
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Fig. 4. Schematic representation of the different molecular approaches for assessing the genetic diversity and structure of microbial communities[53].

oA #e]7] gt e skeha] SAell oal vehhk= 71s7de] A
ole} TR F-14 thldS vlmwsk=t] AR

PCR-cloning - A]7to] wo| Az i HAZ S mjj$- g
AE Auj e} v)go] 420 o] JITH53]. B3, primer 5,
PCR WAIE] 258} cycle 7, T4 3=l 23 G490 oA &
3} 5, o¥] 7K MEE0] PCRZ HoiA|e Az S Fo
Ay Aol A4 2 et expt i gsks Aol QITH s3]

4-3-1-2. Genetic fingerprint %

Genetic fingerprint "< agarose =2 polyacrylamide= JH= 4
7gollX DNA Al5E A7|9% 3lsis W Ueht= ofs #i'le] A
o|& Ao B FEE QAL IS Bk dEE &
£3F Zlo|tk. A719FA] Ueh = o)F di|le] zlole AlsfdE
Ae] A7) 52 A7 Lel gl wet A ETHS3]. o] 717 53]
Mt 74 B24& nlwshked] A48k, ZF A7) genetic fingerprint
AR Alole] fRAEE ARt 2 AlERte] fARAIE fAES
AZFZ BA1E 4= oH63]. T3, A7l 23t genetic
fingerprint 5. 21> w|AE T F220] Hglel] 2|22 <l
2PFRIE FES A5 4 AATH64,65]. thEbA] genetic fingerprint
e A Tgo] golatal W o AlRE A& B4 5
Utk S 7R ey o] ¥ AE oA eapt
A7) 4a166], A71953lM DNA AE 7] 9 2 5o
Slol Algkdo] 9lom[67], F-44] profilee] VF HE 79 Ay
At A3t sjAo] ofele- whilo] Qleks3).

O BAAE o83t W7|gs el 23t =]

o] WL 7] ok Q7IMEE 7] FYsk A1712] DNA ©H
55 AHsk=d| o] 8sh= 2 ©. 2, DNA W43 4| (denaturing agent)®]
FEE AEEoM EER o7 HES REE polyacrylamide gel
Aol PCR FEAE-S H-2] 5= Z10|t}[53]. Urea -2 formamide
o} 22 gstaE WAAAE o] &3k 21> DGGE (denaturing

gradient gel electrophoresis), =% 53 -2 =8]8 2915 WA

r
o

o

= &-83PH TGGE (temperature gradient gel electrophoresis)2al 3t
tH68,69]. A152] 97144 2l0]i= DNA denaturation®l] 3 v
A A7) el vEhvks ol e e AlolE Al H=,
o] HPH-& 717} 500 base pairsith & AlEE addoR g
T Gl= Blo] Al elTs3].

@ Amplified ribosomal DNA restriction analysis(cARDRA)%}
Terminal-restriction fragment length polymorphism(T-RFLP)

ARDRA "2 PCR 37l 2J3f fofxl 168 iDNA A5 Al
Sl §4F ASt ¥ agarose 22 polyacrylamide gelolA] DNA ©+
W52 wElsk= Blofth. o] B o] ulle- Hejskar (iksitt.
T #HAO A 20s @7 AF AR 54 AdEo) o,
profilec] vi-¢- EHAtalar 53 2lRg HiRle] HEa Hgsks
o] S ARE dS 7 Qlvhs &Aool Slu53].

olgfgt TS =E3)7] 3, fluorochrome® 2FHE S primers
ARgSH= W9l T-RFLP HHo] 7= Qleh. T-RFLP] profiled: H]
weko wA PR TS vlart 7hssitt H2 50 glolA
£ o83t HE7 =] vl whet sl el AT F g ATk 53).

@ Ribosomal intergenic spacer analysis(RISA)

RISA 2 st rrl 3041 ARl Qli= 1G] Hhafde w4
8= ZOIt}H53]. 1GS 71 Aol Wk 50 bpell A H-El 1.5kb
oI Aol AEge] wef 2lo] 7} Slrt. IGSE BRSO
Z 3= primers AFESRL, S5 IGS AlE polyacrylamide gel
ellr =710l whet el = ITHT0). 1GS =1719] 352 RlolAd e
2 Qi A2 FAF Frdeld dofuhs 2ad ke HE
o] 7F&3Lt, IGS sequence databank’} 12] 4] 9o 2 Z A|$H
o] 3UTH{53].

@ Random amplified polymorphic DNA(RAPD)

RAPD *H-2 10bp JE= F-2 929 primers AR5, ©]
primers=> F-31212] DNA “gellA] Z7] thz S1A1elA -85t thek
gk Zo]e] PCR A¥E-2 2HEaH €k ©] PCR A¥=-5 agarose
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o

22 polyacrylamide gelelld Z7|8E =2 227} 7l 53]. o] W
W& o]88lo] A= AR AfolelM Aol R Al&st
Al 2R 7 QoM [71], A ellelA Mlete] He v T AE
] 1A 3=t 47 s8It 72]. 0] R 2] v m A )
Tzl tigk A HAAZR ARE AT = glvks Aot

4-3-2. A +% DNA +44(Whole community DNA analysis)

F2 23 DNA BAW v e vidls 2Fowqy F51
DNA9] HAA]RQI -4} AR5 A7-sto] v 4] 45 Al
Sh= wAMEESH] 7152 A 7 DNAS 418k Zlolvh 1
A DNAS ooz sh mAllsE 4SS ek W aeieolv
717} gk 1154 DNA Als7t i B esh, Al o]9]¢] th
B AEERE A 55 DNA BEZE5S A8 A7) 24
A = qlom, gl g Adn)z) s a3 ddo] SItHs3).

Total genomic cross-DNA hybridization W52 33 Al 52 45H
DNA &3 A, Z12]a1 2b7] v AlgellA] @ojX] DNA Alele]l
299] cross-hybridization ¥ © 2 2 Et}{73]. o] 7|12 DNA 4
714el UM =2 FAMIS Ad A AlolE e ApolE HE
aF7]ell= 2785k ekrh{74].

AER2HE] FE3 DNAS 207 fAAR 5 AddA7)=
1 (thermal denaturation and reassociation of whole extracted
DNA)S A E&25E 353 & DNA A8 9 71 WA 5
AT 7= Aot AAEE DNA product 2 AHFH © 2 73
2 LB = 55 (moles/L)2k WA tigh SrE vkl 4= Q1o
W, F82ke] 2171 W DNAS] FAbd s vlaldAlel] qlerw g
Al vAE A e A ThRoll gt index® AREE S
tH75].

ABZHE] FZ3 DNA AEE UE HE 83 234
(extracted whole DNA fractionation using density gradient)y> 13
AE2] DNAZF G+C Eid0] oF 24%lM5E 76%7H4] thadshs
B85k oIt 76]. =, Al AAAIS] % GHC g2 S:(5)9]
HofA Aol Al Bl 1 HE 5 S THER, 242 %
G+CellA DNAS] AtAQl T Al w319 Ale 4 1%
off gk ARl ¥ s vebdith, $HAA 52 HE FE3 DNA
ARE Al SER|E X THE Falo] 7| E g
3 % G+C 7t H3of T3k DNA T4 profiles &2 5= AH53].

44. EY REXIE BXOZ M= primers AISSH OIME 72

I

2 Bof 55 f4149) DNA F-& HA02 o} )4
T FHE BASH o] Fushl Awsn s3], o]

W e

Table S. Studies on microbial community analysis in biofilters

D

Table 4. Molecular tools for the in situ detection of catabolic genes|54]

Enzyme/protein Gene Detection method
Ammonia monooxygenase amoA PCR, cloning,
IS-PCR, PCR-DGGE
Methane monooxygenase mmoX (sMMO) PCR, probing
pmo (pMMO) PCR, probing
Alkane hydroxylase alkB PCR, probe
Phenol hydroxylase dmp PCR, cPCR
Catechol 2,3-dioxygenase xylE PCR, probing, cPCR
Anaerobic toluene degradation nahR qPCR

PCR, polymerase chain reaction; IS-PCR, Intergenic spacer PCR; PCR-
DEEG, PCR-denaturing gradient gel electrophoresis; cPCR, competitive
PCR; pMMO, paticular methane monooxygenase; SMMO, soluble methane
monooxygenase; qPCR, quantitative polymerase chain reaction.

T Sl primersS ARSI 150] 4 02 A= DNAE Ad v
AEE-S PCR, real-time PCR(RT-PCR), DGGE %3} 7+-& t}oksh
A ARFAR] o R BAsto] wAE Y TRE okl
Wolrh{54,77-80]. 01714 F o8t A2 A 07 A= B4 34
o] DNA F-20] ag v|AE /NAS thE FE3} vlwsle] g4
A T2 E = ol Zloojof ah o= JEHE primere] A
EFEE)IE AdHr) =3 primer®] VIFES} ol E Hojuof
SHCH54,77-80]. Table 4] S5 IR Q] S8 a4 -2 g

= AEL T s e oFdTsiltis4].

5. 7~ XM2lE HIO|QEEQ| n|d=E #& &M
A ALl

2710l aet HAl RS o] 83t} H7kA A g vio]
Qe S] PAYE TS BAS AAME Table sof “gE]siSit).
Grove 5 [81] peat compost® Z%1gt Hlo] @ HE S o] g-3slo] At
T} of[ehE-5 A 3he 53t Altel| e vlo] @8 U] njdE
A W3S Eco plateE ©]-238H CLPP & ARE3I] ARSI
Eco plate™ Hlo] @FE|e] n|YE 75 T3¢ tigt WslE Hrlst
=l st Algs WS Bl

Steele “5-[82] olle=E A7 nlo] @ AE o n| & 4] Aol &
St Aol EAMYEEH 7IHE A8k, o] ATellxE Ay
=34 fingerprinting "<l ARISA WHS 283131t} ARISA
fingerprints #2127}, 2-8-717t0] Hojd45 52 vlo] FE7H A
FHOE FAITE T RIS FA Al &, vy
o] W2 FRTERE 7 Hlo| 2 E7} vl w2 AE T
S 83 nlo] R AE KT} Ao =5kt

Packing material Inoculum source Target waste gas Method for community analysis Reference
Peat compost Mixed microbial inoculum Hexane and ethanol Community level physiological profiling 81
Sand or lava rock Wastewater treatment sludge Ethanol Automated ribosomal RNA intergenic spacer analysis 82
Mature compost mixed with Sludge Odorous gases Denaturing gradient gel electr_ophoresis & 3
activated carbon Florescence in situ hybridization

Granular activated carbon  Pseudomonars sp. Volatile-sulfur compounds Florescence in situ hybridization (FISH) 84
Granular activated carbon  Arthrobacter sp. Trimethylamine and ammonia  Denaturing gradient gel electrophoresis 85
Compost or sludge Activated sludge + and Trimethylamine Denaturing gradient gel electrophoresis 36

artificial sewage(4:6)
Polyurethane Rhodococcus sp. EH831  Volatile organic compounds Quantitative real-time PCR 52

sl5kgst Ml48H M2E 201041 43
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Chung[83] compostZ=-E HAsk= o5/d 7k AlA vlol e
B2 Al 7 TS DGGES) FISH W& ARE-3te] 248130
o 25 2 F vloledH Wl Mt 7y 72 443, DGGE
profilel| A= 4 167019] band7} X.33 31, Proteobacter -(phylum)
o] 7} 9-8-& o] F3lom, 1 HE Actinobacteria, Bacteroidetes,
Y Firmicutes®) T}, 7852 vo] 98] 373 Adefo ulet »isiel
t}. DGGES} FISH 2 vlo] @28 o] w]E w3lellA] Allate]
7| B2 gl gist f-83 JRE ATES Bt

Ho 5 [841 Pseudomonas sp”} A&E YAVt SAA8s GA=
Z-g-sh vlo] B & o] g-3to] =R Flg A gl dAsk= 3
4 F3FE AA Ads T8I, @Al EAsk= Al AT
Z5 Akt FISH WS ARS3lnh. Ad4y o3 319 &
oll Pseudomonas sp7} 91.9%%= 7 W3k, 71 F=R. Firmicutes 2.2%,
a~Proteobacteria 1.4%, B-Proteobacteria 1.2%, y-Proteobacteria 1.1%,
123 Actinobacteria 0.8% O % YERGIT. IS Z7]ol &3t
Pseudomonas sp.2] Hl-&2 o] TE| 2-3Yr|7to] Hold5 7has)
A vlo] @ E] 23 41592 A717ke] 28 o= Pseudomonas
sp7} F 56~70%= S-St B skl

Ho 5[85]¢] &= t}& Al X drthrobacter sp”}F 355 granular
activated carbon H}0] @ HE]E- 0] €3]] trimethylamine(TMA)2} &
HUOKNHy)E AAE w vlo] e o] v|AE 74 T8
DGGE 7|H& o]-&3}o] &4 513lt}. #4147 vlo| @ F 8 8 At o
e BT 7] AHE?] Arthrobacter sp7} HIO] @ HE] -8
kel A 50% o0 2 983131, 71 ] Paracoccus denitrificans
7} =Y oke] 4bsle) nitrite®] el F Q3 o 3hE shrty WSk
3o,

Ding 5 [86 compost 2~ sludge™ FZIE TMA #|A Hlo] Q.
e o] 3} Al Atole] AH#HAlE DGGEE o83to] =
ARsISitY, 8w} vlo] eI Al ] T3 AR 33t
Ao g o2/ Halsl=d], A3 271(0d)ells S8 8% g0
o,B,y-Proteobacteria, Actinobacteria, Bacteroides “12] 3l low G+C
% A T Theket Aol St 2evh 2 14 A
Folli= a-Proteobacteria 1 Rhodococcus sp.2} Agrobacterium sp.7}
AR 27 679 AT Folli= Al o] O 5385 a,
B-Proteobacteria®l| <8l Alxto] -3 o] & WhA U] Al
23] Zhagirhar Bkl

Lee 5[52F Rhodococcus sp. EH8310] FE% Z2]¢-2& vjo]
2FE oA EH831 -5 FFet7] 13l quantitative real-time
PCR(QRT-PCR) "S- o]-8315ict. E2|-9-aet @xlloll 43535k EH831
o] 5L 100%°l 7P7HY AL, qRT-PCRS ©]-&3+ 23] Avle) o
AollA EH831-S BPAIA wjeket Aatare] Frolliz & 2lolE Kol
=] eIt} o] )1FellMi= EH831¢) ol/do] 3li= TaqMan probe 71l
ol Ad3slar, AT JEdo] S standard curveE 235}
o g5 nlo] @ e Ul EASH= EH831 w2] s}ol] #2354
UE EiE rRsielt).

6.4d E
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5
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