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Characterization of the Bacterial Community in a Biocover for the Removal of Methane, Benzene and
Toluene. Ryu, Hee Wook' and Kyung-Suk Cho**. ' Department of Chemical Engineering, Soongsil University,
Seoul 156-743, Korea, “Department of Environmental Science and Engineering, EwhaWomans University, Seoul
120-750, Korea —Removal of methane, benzene and toluene was evaluated in a lab-scale biocover packed with
a soil mixture of forest soil and earthworm cast (75:25 weight ratio). The bacterial community in the biocover
was characterized using quantitative real-time PCR and terminal restriction fragment length polymorphism.
Methane was removed at the upper layer of the biocover (-0.1 ~ -0.4 m), where the oxygen concentration was
remarkably lower. The average removal efficiencies for methane and benzene/toluene were 90% and 99%,
respectively. The pmoA gene copy numbers, responsible for methane oxidation, in the upper layer were higher
than those in the lower layer. While type I methanotrohs dominated the lower layer, type II methanotrophs,
such as Methylocystis and Methylosinus, were noted to be predominant in the upper layer. Benzene and tolu-
ene were removed from the lower layer (-0.6 ~ -0.9 m) as well as the upper layer. Moreover, the tmoA4 gene
copy number, responsible for benzene/toluene oxidation, seen in the upper layer was not significantly different
from those seen in the lower layer. These results suggest that a biocover packed with a soil and earthworm cast
mixture is a promising method which could be utilized for the control of methane and volatile organic com-

pounds such as benzene and toluene.
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Fig. 1. Schematic diagram of a lab-scale biocover.
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I 200°C, FAEH- 250°Ce|ie). o] AbsletAe] 9ol =
28 280°C, FUH- 200°C, HEF- 250°Ce] et Al =} S
ol 7}2~2] 73 %-oll= Supelco-wax column (30 m x 0.32 mm X
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CGT CYT TAC C-3)[3]0]2L, Wl /27l ALSATF 730l
AH4-3F primer set-= TMOAf(5-CGA AAC CGG CTT
YAC CAA YAT G-3)3 TMOAr(5-ACC GGG ATA
TTT YTC TTC SAG CCA-3"[6]°]%1E}. qRT-PCR2] 78k
A& FA SR}, pmod genes Methylobacter luteus
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-2 9]¢} FUsie}. & 200 uLe] PCR products 1% 3k
Ao loadingd}aL AF]Z(510 or 505 bpyl] 25 AS =+
o}, A& A2 HE] QlAquick Gel extraction Kit (Qiagen,
Valencia, USA)S ©]83}e] DNAS FZ3l9x, 231
DNAE ¢RT-PCR A A& A3 A 22 ARS8l
Gene copy number2} C; (Threshold cycle)®] AF&aA| S &
o}¥ 1} standard A|ES 107 7%] A1), SAE AR
£ 34922 gRT-PCRS 4=383}¢d}. PCR mixture A4S
template 2 uL., dH,O 7 uL, Power SYBR Green PCR Master
mix (Applied Biosystems, USA) 10uL, 10mM primer Z}
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PCR mixturex= DNA templateZ 2 uL, 10xBufferS 5 uL,
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Moon et al[13]2 A B3 x| o] BHEE 77}
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WAl 9 S ERA AR SAS A A9 ol
A7 7k FAl Al S dEH10,11). & AT7elxe=
ute] @ AW A|AElA] o] F 3FL] ERI7IATL FAlel| At
3 He g 5 Al

ute] @ 7w 2] ZlopH g E3Prae] FEE SA3te] HE
WAl 2 ERelo] AAEE S ARG HEk vl
2AW shdel| A Ao AAEA] AU, -0.4~-0.1 mel|A
FA vlete] AIAE L (Fig. 2A). =3}, wgke] A7
A A x40 AAESAek(Fig. 2A).
o| 9} Zro] w|Eko] nlo] @AM o] AHZel A AT A
o2 AFASol o8 R uE 2 9lc}. Park er al[15]12 v}t
ol Aol WiFA] HE Tkt x| BHES 3131 A
25 AL wek FellE AR A9, B AT A} F
U3H| wgh ve] @ AW AlhFoll A el E . APA
TR lysimeterdl] 54 RIS A9 5= F dvks 35
g Az, AR 0~-30 cm FolA Hgk AlA7E HEEYT, o
3t ZolA Ak = FAS ZHAsTH20]. vhe]l &
Aol A wel Eaflol| oJefS vA= 7HE F88 FAEH
AR 2Eoh AlA o]8Ad0lrh{12,14]. & ATellA] H]Ete]
ulo] @ AW AFZo A AAEE AL vlel oA FH 9
371522 E vpo| oA AHFo R FlkEe] FgH At
25 vek Alspe] o] 83le] wukE: AlEsl 4= si7] o
Tolct. s, wiAlZ} EFl2 ulo] AW FhhFE(-1.0~
-0.8 mpellA Ae] HF-E A A =ek(Fig. 2B).

uto] @ Are] zZloH 2 s vl F wilAl ATl Ak
3| S A3} slazAl qQRT-PCRE 383l pmod gene
3} mmod gene HFAA SHeh. wEk Aol Tof s
pmoA gene 5t} olivtol|A9] gene copy number®] X}
|7} A3 H2A vepdet. & -0.4~-0.1mel 1%
ZrlA pmod geneol ¥ 7 AEEAEH (Fig. 3A), ol&
wete] F= AAFND 72 A8 A Quebec
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Fig. 2. Depth profiles of gas concentration in the lab-scale bio-
cover. (A) Oxygen, nitrogen, methane and carbon dioxide concen-
trations. (B) Benzene and toluene concentrations.
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74l AbEAe] S dotR AL pmoAS} tmod genes
7 M 2415 TRFLP WS- o]-83te] 2431 th(Table
1). pmoA gene2] 73-%-, 75 bpQl Methylococcus/Methylocaldum
U2 ulo] e AW slcdellA] ko ZpS AA FHashe
738Fo] WTH18]. 1V} 244 bpsl Methylocystis/Methylosinus
o] Blg-2 wpol o7 SR Ao o 94 27}
= 7S BAaL18], 53], wske] Al77t M ghie)
Al LAl pmod gene®] copy number= 71 =7 UEH
WE -0.4~-0.1 m T7rel| A2 v]go] vl FA ksl
3+, 438 bpel Methylomonas (Type 1= -0.4~-0.2 m 77t
A 2% mIRke] B]E&R EAsedH

Z2do] FHES E3FsE EFS o83t vlo] 27w |
e dA7IAE FE3l] of Y AE A § sk Ab
3} Al S ZARE 23}, Methylobacterst 732 type 1
methantrophs7} -4 2= 5}H9]. 36, Wang et al.[221
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Fig. 3. Depth profiles of gene copy number in the lab-scale bio-
cover. (A) pmoA gene copy numbers. (B) tmoA gene copy numbers.

el A AL vlo]| S AME Methylococcus (type 1) ¥ gt o}
Y&}, Methylocystis (type 11) 2 Methylosinus (type 11) %
o] tAEItial ¥ uslodnt. e, wigdR] EokS AEYNeR
sl et A7 IAS FFSte] FE)ekst consortiumsl)
e Al 2 EFQle] EFUIAE FEEte] SISt
consortium®] wgt Abs} Al £3]-S wlawstk A}, Hehm
A 2Tl E3Ppag 3 oFal consortiumellAE type 11
o] 431= methanotrophs®] H]&°] F713}ATH11]. & A+
ol A 8] web/mlAl/ZFal A2 § vio] LA MM E type
Iimethanotrophsell <531= Methylocystis/MethylosinusS] B]E-0]
Fohe TY3 ] FEFIS. THHIE 2rlshe pmod
gene®| T-RFsTE Hlo| @AW shka} Ao 7oA
oM 7H ot o] F-912] vt Aks} sl M| o
Fdol 7H w2 Aoz FEEUAS].

moA gene®] 73-%-, ¥Fo] & W] HAHH-Z(0~-0.1 m)ell Al
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Table 1. Relative abundance of T-RFs for pmoA and tmoA functional genes.

pmoA functional gene

tmoA functional gene

Depth Relative abundance of T-RFs (%) No. of Relative abundance of T-RFs (%) No. of
(m) 75bp®  244bp®  438bp®  Others RS =05 bp 107bp  1l4bp 172bp  Others TREs
-0.1 7.9 71.8 0 20.3 5 8.05 8.68 8.27 29.8 45.2 7
-0.2 18.5 52.3 1.11 28.1 9 37.5 22.5 2.42 20.0 17.6 12
-0.3 16.7 47.0 1.88 344 10 21.0 17.7 3.29 26.9 31.1 10
-0.4 19.0 51.6 1.33 28.1 11 40.2 20.8 0 22.8 16.2 7
-0.6 51.5 37.3 0 11.1 7 29.8 14.4 0 42.5 13.3 5
-0.7 51.8 38.9 0 9.3 6 47.3 13.9 4.76 30.9 3.1 8
-0.8 64.7 31.2 0 4.1 4 48.2 10.5 0 41.3 0 4
-0.9 51.0 352 0 13.8 5 38.0 17.0 0 33.1 11.9 7

In-silicoanalysis[18]: *Methylococcus (Type X)/Methylocaldum (Type I); "Methylocystis (Type 1)/ Methylosinus (Type I1); *Methylomonas (Type I)

bp, basepair

172 bp] B]Eo| 7P oot AH3(-0.1~-0.4 m)el A=
105 bp B]&o] 7P =32 107 bpek 172 bpe] H]&o] 1 o
Lo 2 =9k} H-E(-0.6~-0.9 mpellAlE 172 bp2t 105 bp
2] ulgo| =3kt TS SvISh= tmod gene®] T-RFs
T vbe] oM sidEohe Abdol| A BelAlE AR B
=d], o] ARRZ(-0.1~-0.4 myE 3H-2(-0.6~-0.9 m)XRc}
= 37149l 271017 wjfel], o] A WAz =5l
= o83k Al Fo] JlA7] wire = AlsEEH19].

E ATelME A B R3] BHES &8 BEY
< °]&3t vlo] oA ek wilAl W EF< AAEES
ZARE A3, wlelE vt opgl wiAl} S-S F Al Al
7 7Fede E1E 4 Qi ol=3t A= ookl vlA
=o| FABPAAE oekEAlo] FHst A o] FHETL vt
ol @AW A HeRERE ope} il W EFNS FAll Al
Ak w9 83 AlAkR
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