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Analysis of Microbial Community

M - M - SKE - MR

Abstract

A toluene-degrading bacterial strain was isolated from a mixed culture that was maintained using toluene as a sole carbon
and energy source. The isolated bacterium was classified as Pseudomonas sp. TBD4 based on the close relationship to bacteria
belonging to this genus. A bottle study to determine biodegradation rates of individual aromatic compounds showed that the
biodegradation was faster in the order of toluene, benzene, styrene, and p-xylene. However, when various mixtures were sub-
jected to TDB4, styrene was degraded at the highest rate, indicating that both toluene and p-xylene could stimulate the deg-
radation of other substrates whereas styrene played as an inhibitor. In addition, the mixed culture and TDB4 were inoculated to
the bioactive foam reactor (BFR), and the reactor performance and the corresponding change of microbial community were
monitored using the fluorescent in situ hybridization (FISH) method. When an inlet concentration of the VOC mixture
increased to greater than 250 ppm, the overall removal efficiency dropped significantly. The FISH measurement demonstrated
that the ratio of TDB4 to the total bacteria also decreased to less than 20% along with the decline in removal efficiency in the
BFR. As a result, the periodic addition of the pre-grown TDB4 might have been beneficial to achieve a stable performance in
the BFR operated over an extended period.
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2 PR Aot HHEAS G E A dsire
FRAFIEH =l wiet A8 7Fedt HA71E(Best
Available Control Technology, BACT)S X1A3l= Ao| vl
T SHEAE, 2006). HTole A=3HE G
Hio] e Alzwle] gk A7t wig- s FgEar
At} vle| L Ee 3 Alasd AAd 28ar f
A1 @E]e] Golgell Adol st sk A
ol A& Aok FEgE Ak FA] N E Hgo]
AEFoZ o]FoJz] Qal VOCs9t 2 JFHER =&
s 2t sle PES] £, uide] SAlel olFolA]

Aol Hlo| 2 FEle] AgEok= FF oS Fui=E of
ot
v 71Ee] A SX1F ule] BH el AT RE &
Al HIZA pdEe] SAEE dde] AR vehd
Ao, HZolle ol S ] flete] AR
571 FElEo] At ot 184 52005y AT
Aol AFE o83 vocsy EFXGE AR ass
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7143 toluenes Fate] Bl e] {lo] A oR A
& = IS AXIEIATE 23y nlo] gy Ve A
ofgfar & = = vlA=e] AFrFel B3 A= oF
vt nlo] @ hE] Upell A ofm3t mAlEEe] 33t
Hog pxslel, mAE F 7w} o= AEQKe &
deiA AR Bk EES AR wiEEE VOocse t
i ofg] BRBIRMEE 7AEe] Slo] AEstHoR A
73-$- A 3l|(inhibition), 73 A (competition), =7 (stimulation)}
T 71ERe deakgo] WAITHOh 5, 1994). °l5F-
5(1998Y2  Pseudomonas putida FI1Z} Burkhoderia cepacia
G4l ©]gk BTEX % TCE®] #3143 IA toluene] ©J3l
benzene?| E3I&ETF ASIETL TCES}; p-xylene®] -FtHA}ol
o3| AAES Basict. 3 g S-S
OO0 =2 BTEXS] E8l5-S %71s 2} ethylbenzene®] F
F1 BFoA ARe-S dozithke AFARE Atk
(Deeb 5, 1998; Yadav 5, 1993).
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o =& B34 (complexity)S 7HAal A5 2SS She A2
g5t Rogers 5(2000)S FISH(Fluorescent In  Situ
Hybridization)& 2|83} WAES &3] sllon 714
I wEE] gkl thal s o sMsked At
83kt
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EUAE wjgdozRE R skl vAES] DNA
ARE vEOZ FISH probes ARSIttt &3k 2] 574
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TolueneS & Aoz FU3 n|AE vjroA] w]
AES 23l PBS(Phosphate Buffered Saline, pH 7.2)
2 A33] 4% §, eido] EFEA] ke HATHuA]
o] =Elrh. HAagdulA]e] 2242 Na,HPO4, 4900 mg/
L; KH:PO, 2000mg/L; (NH.»SOs 2000mg/L; MeCl, -
6H,0, 340 mg/L; CaCl, - 2H,0, 1.7 mg/L; FeSOy - 7TH,0,
24 mg/L; 7ZnSO4 *+ 7TH,0O, 03 mg/L; CoCl, * 6H,O, 2.4 mg/L;
MnSO; - 7TH,0, 2.4 mg/L; CuCl, * 2H,0, 0.2 mg/L; Na,MoOy,
0.25 mg/L; yeast extract, 1 mg/L; 3Hd, 15 g/Lo]|UT}h =
3k HAlol] Fdee] B oUAILCRE toluenes 7RE
oF FHslon, 25°celA 597 iR & e A
sl o EeEletant. el Al HAa9A viF|elA 3
A7t vt & AaEElst] mAES #eElskal PBS(pH
722 AIHE & WEANE W o8] DNAS F=3Ith

AES FAE] S8t WA Ale] 16S rRNA 3
Z}e] 54 F-9]= PCR(Polymerase Chain Reaction)S %
3kl FZ3t) Primers 519F(5-CAG CA/CG CCG
CGG TAA TA/TC-3)%} 1406R(5-ACG GGC GGT GTG
TA/GC-3"yS AFE-3}3tHPulliam Holoman's:, 1998). DNA
ZZ2 DNA ZZ7|(T1 Thermocycler, Biometra)S A-8-3}
o], 94°Cellx] S AR &, 303]9] PCR(®EIA, 94°C
A 12 AR, 57°ClN 1 T, 72°CelA 40%)s st
9t PCR AHES PCR AA| kit(Takara Korea Biomedical
Inc)& A3t Al ¥, FFNES-(DICE TP650, Takara
Inc.yS 217131, DNA @714 E1417](Megabase 1000, GE
Healthcare)s AR83t] A7IXES 2783ttt FRE 16S
RNA F3121] A7IMES 16S RNA fr3iAte] d7IME
S RDP(Ribosomal Database Project; Maidak 5, 2001)
o Jeate] 7ol dei A7IMEH vl FAlEke] e
% toluene w3IAIT] B/ RS F831At
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gaglom ks ke HAMAN|Ro EelE
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NS Y4 (7,700g, 3)FF F, BE dAE PBSE 2
3] Mo, dojRl AltE o83l VOCg(benzene,
toluene, p-xylene, styrene)®] E3lle-S H7FI3T). oW
Fo] Fov B335 A(X-ma 2000, Human co. Korea)s
o]-83l 1.0 ODgoo(optical density @600 nm)SZ -3}
Aot oA FHlE TFE 50mL serum vialol] Z+Z}t
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Table 1. Oligonucleotide probes used in this study.

Probe Sequence (5'-3") Target group Fluorescent label Reference
EUB338 GCTGCCTCCCGTAGGAGT Eubacteria FITC* Amann(1990)
GAM42a GCCTTCCCACATCGTTT ysubclass of Proteobacteria FITC Amann(1995)
TDB1055r CCCTCTGCTGCACTCTA Pseudomonas sp. TDB4 TRITCP This study

a : Fluorescein-iosthiocyanate (green), b : Tetrame-thylrhodamine isothiocyanate (red)

B o= Uit olm E3g=A &Jsted 600 nmell
oD} wAlHT L] JHEAE A8S 53l
1223 A3} 1.0 ODE 628 mg/L(R>=0.981)91 33itt.
ShH, o 7Y E31de] weles Wrkksh] $lsted
Z3Fsd 28 ZHB, T, X, S, BT, BX, BS, TX, TS,
XS, BTX, BTS, BXS, TXS, BTXS)S A3 & FAp]
E ARESl] TS| TR I mMo] HEE 787 3t
At olFA AxH ABES WIS (30°C, 180 rpm)d]
Wi wjksPEA 7P vOCse] FEE BEo|Lsl HEY
(FID)7} A=g 7p2~= 20} E 283 (M600D, Younglin,

Korea)s ©|-83le] 74313t

71A=Z F9" voce Hge] mEe] o) Eall=A|gt
AAR S8 AL 7V FEO|BEE 2(1)S olgsie] At
FEZ $elar ARl o3l AAE 71| TS FE
2 7o 2 YeERSITh

M:SLVL+SGVG:SLVL[1+(1%)(Z—’Z)} 1)

T
i

o
i

714, M: 718 FH(mg), Vg: 7PFI(mL), Vi : A5
3)(mL), Sq: 7142 7PFsE(mgmL), Sy: 7122 Wi
S(mg/mL), H:7]Z9] Henry “&(atm/M), R: ©]%¢7]A]
35 (atm/mol K), T : 2% (K).

2.3 BFRe| 23 D|¢= =&Y

B o] ALGE ARDA WS BFR)S] Felsh £
F8 A5 52006)°] A7t U FU7IE wEel
g% WeE W AR TP WS Wns] 9t
Amann(1995)©] A A13F  FISH(Fluorescent in situ Hybri-
dization) =4S 283l PIBESS elsisith. BFRO
A 2AFHF AlFEE= 4% paraformaldehyde £-2(in PBS,
pH=7.2)7 1:39] HIEE FE3] 3R & 4°Colx] 2~44]
b &<t AANA 18-S AAEIH. 8E A 8= PBSE
2~33] A% AAS AAlElaL oekeT) PBSE 1: 12 41
Seos 3] BHsio] YE Hasiit

IS SR NEe GFE fE fEjded 3 us Hol
Y & F7IARE AAEAL 50%, 80%, 98%2] ollgkgol
3t AR JHAZS g5 AlEell Table 19 AAE
oligonucleotide probeE hybridization buffer(0.9M NaCl,
20mM Tris hydrochloride, 0.01% sodium dodecyl sulfate,
x% Formamide)?} 1:8% 410] 10 w¥ Hojrmdd 5w
710l YAl 46°CollA] 2~3A)17F A% hybridizationS X33}t
et

Hybridization®] €k5% A]S+ washing bufferx mM NaCl,
20mM Tris hydrochloride, 0.01%SDS)Z 48°Col A 20%7t
AH3d F CLSM(Confocal Laser Scanning Microscopy,
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Fig. 1 VOC degradation of binary substrates in combinations of benzene, toluene, p-xylene and styrene by Pseudomonas sp.

TDB4. (a) Benzene, (b) Toluene, (c) p-Xylene, (d) Styrene

Aoz ZgH v} glo] & A7Ane} AHHoZ vlwsh=
AL o# 9, styrene?} 33HF AgZo] w9 ARG
ethylbenzeneo] &3+ 714¢] Fall74ollA st A=
A ZLFTRE Deeb 5(1998)0] A7 A3 = AABRE vt
Ak, & AA A @FeE 9 vocrtks oF 71K
VOCs7} E8=]o] WAslal 71 A teksitt, weba bt
o] Ef9} e mAEAAA flE= vOocsY] 7t =
e Felslal ddE= 718 AsAE-S A 9 39y
oA W3] 1 Har} k.

322 @71 9 vOoCs 58] e vl

Fig. 2= benzene, toluene, p-xylene, styreneS THO 2
=% 7k BE (1T 24)& 248k 8 7]
TOF FUS FE BENEY FAol| FUg F EalEA
< vl Aoty 23 A3} benzene?} toluened T
7187} &1 Ealsol & Aolrt et p-xylene?t
styrene EJ7IAR FUS A9-HT A7 EAR FYs A
FollA EallEErE WA et o3l TDB47F 233
O F p-xylene©|H} styreneS E3l|5l= HKT} benzeneo]Ld
tolueneS w3fiske FgellA AJE B o) t] 9417
o7 Rzl AL oulsit}. 2 p-xylene®|U styrene
FhAk(cometabolism)e] 5438 ©]831719)3 = voC &
A Estet] Aglshk= Aol freElsial stk StAE
ol&3t A= Yurdom AR} ol 22 Agst
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=4 o853 20oH, toluene®]t} phenols- 12} 712 = 3}
o] TCE(Trichloroethylene)s &gt A7ARIE T Hal
%o} Ath(Hopkins 5,1993; ¥5-& 5, 2002).

Table 20l%= toluenes Y& OR 3o Fe] 545
Pseudomonas sp. TDB47} @A77 9 E37|ZEA
benzene, toluene, p-xylene, styrenes -3 wj, E3|7}
e A2 AEste] Yt 72+ voc 225
Aoz B ZHeol= toluene®] 7FF & EaljEe= A=
UERZIL styrene benzene®Th £3l7F o189 p-xylene
< 7P 37t ol RS & F Uk 1y E8stie
FA3 HAole BE Z790A styrene, toluene, benzene,
pxylene®] TAHE E3l7F & o] Fo|A = AL=E YERiTh
o] BTEXE ACE 3} Deeb 5(1998)2] AAvte}
vl A Aol

3.3 BFROIAM2| O|ME ZEHS

uAE REEZEQ] BFRO| &4 F(Pseudomonas  sp.
TDB4)9} &5t vlldAe 1: 12 410 253 &, 7-37]
o A vAE ZWsE AEUTH vxT] 7Y §
Qholl= H-SHAZA toluenes 71VFEER 80 ppmoZ F
daton, olfdls EFEHBTXS)S 55 WAMERE
=] UL I ZF} toluene THS FUIH ZT|EA9]
BFR E3|&8-2 70%el ol23 o, 7148 EtEds A
gk AFelME 7S] SARSIE sl dAF R a8
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Fig. 2 Biodegradation of single substrates and VOC mixtures
by Pseudomonas sp TDB4. (a) Individual substrates
and quadruple (BTXS) mixture, (b) dual mixtures, and
(c) triple mixtures

Table 2. Order of biodegradation rates for individual VOCs
and various mixtures by TDB4

Individual VOC B, T, pX, S T>B > S > pX
B, T T>B
B, pX B>pX
VOCs in Mixture B,S S>B
(dual substrate) T, pX T>pX
T, S S>T
pX, S S >pX
B, T, pX T>B>pX
VOCs in Mixture B.TS S>T>8B
(triple substrate) B, pX, S S >B>pX
T, pX, S S>T>pX
(q?llg‘l?uspllr; ﬁﬁ?ﬁi&:) B, T.pX, S $>T>B>pX
B : benzene, T : toluene, pX : p-xylene, S : styrene.

o] At} FEHE s YIS BTXS &3
E-2 100 ppmollA 200 ppm O 2 AFEle] FASIAE S
He voce FEe dASH frAEe]l AzlEEo] 80%
=g destiodt 718EEE 250 ppmeE T Al
FHE I AEage] 5438 @4asith ol Hdl 400
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Fig. 3 (a) Changes of the inlet and outlet concentrations and
overall removal efficiencies in the bioactive foam
reactor (BFR) and (b) changes of microbial community
as a function of BFR operation

Fig. 4 FISH image of microbial communities in the BFR. The
yellow part shows TDB4 detected by both EUB338
(FITC-labeled probe) and TDB1055R (TRITC-labeled
probe). The green part shows other bacteria detected
only by the EUB338 probe. (A) on day 0 (initial start-
up), (B) on day 7, (c) on day 16, and (d) on day 31.

Bar = 20 um
pp7HA] FHEEE EAS te AeEso] of 34%E 1
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FolRTE 7|29 FSARSRIE0] nAEe) B 93
u 3] o s dkE)

BFR W]9] HAYE 73S FISHES F&sle] A8
I} toluenetHS FY St ,7-:7]‘474101]/\11_ EUB3389] th3h
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3] %io‘)r THELS FUS AR EE 543 aske A

Fo e, FAIF e EE 20% Huke] B8-S UrE‘rH]
“ﬁ‘r B3 7)) F=rt ~7} = e dAR
7}etARE TDB49] 52 W TrZ]E]‘}iT:‘r. o] A= 3
2] AR A4 TDB47} benzene 2 tolueneS E-ZTH
ALE B3 ARZFow Esliouy, p-xylene? styrene
WArEAEA A4 olgshy] Hoks Bl <) Rsts)
= -54)4-_& }\41::]-61- 2= oh;]_‘

TDB4= F% benzene} tolueneS TAYO =3l A%
sARE = 71 tiEide o RAEET AAS sljof
’5‘}51, p-xylene?} styrene EHAglolu} oUR|o R o]83}

| oJ§7] wlel] HAH R 717 AelA Ee)sie] TDB4
o] o] diiHem AsE7] woletal & 4 Utk
TSk 3t A= 313& s a9 A, ougt A

& Fo| b =S Adlehs =4S AsAY witiE
AASH= AdsA8ol 0‘01‘* T et arEEe 7do] ¥
w2 737 drAPgelx] ALk tiAREEe] o5 TDB49
o] AR AAHNS 7FedE AUrKRogers 5,
2000). °]= VOC &3 Y& =S 400 ppm J=7HA] F
7WIZL APeA mAES] ke SIS OlE Eelal A
g aso] 23] Asiet ol £ 4 U

ol213t &2 Fig. 49 A|AIE+ FISH imageE F3A]
R} S| et 7] A= eS| TDB4
7F s EES Blou vhe SRkl 16€9] A
(TDB10SSR/EUB338 = 7.7%)¢F & THAIQI 31€¢] A
(TDB1055R/EUB338 =2.6%)°lA1= TDB4 ©]2|¢] T}E ]
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