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Evaluation of Methane Oxidation and the Production Potential of Soils in an Urban School
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Methane oxidation and the production potentials of ground soil (soil A) and garden soil (soil B, C, & D) in an urban school were
evaluated, and the methanotrophic and methanogen communities in the soil samples were quantified using quantitative real-
time PCR. The methanotrophic community in the raw soil A sample possessed a 6.1x10° gene copy number/g dry weight soil,
whereas those in the raw soils B~D samples were 1.6-1.9 x 10° gene copy numbers/g dry weight soil. Serum bottles added
with the soil samples were enriched with methane gas, and then evaluated for their methane oxidation potential. The soil A
sample had a longer induction phase for methane oxidation than the other soils. However, soil A showed a similar methane oxi-
dation potential with soils B~D after the induction phase. The methanotrophic community in the enriched soil A sample was
increased by up to 2.3 x 107 gene copy numbers/g dry weight soil, which had no significantly difference compared with those in
soils B~D (1.2-2.8 x 108 gene copy numbers/g dry weight soil). Methane production showed a similar tendency to methane oxi-
dation. The methanogens community in raw soil A (1.7 x 10° gene copy number/g dry weight soil) was much less than those in
raw soils B~D (1.3-3.4 x 107 gene copy numbers/g dry weight soil). However, after methane gas was produced by adding
starch to the soils, soil samples A~D showed 107 gene copy numbers/g dry weight soil in methanogens communities. The
results indicate that methanotrophic and methanogenic bacteria have coexisted in this urban school’s soils. Moreover, under
appropriate conditions for methane oxidation and production, methanotrophic bacteria and methanogens are increased and
they have the potential for methane oxidation and production.
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AFeFsH=t], MMO+= Methylocellas A 93t & vg 43}
o EA3H= particulate MMO (pMMO)9} Y5 gk Ak}
ot 225} soluble MMO (sMMO) & £72 Udth
[9]. pPMMO+= pmoA, pmoB, pmoC2] subunits® 2 A&
o] 9lem, o] F pmoAE encoding Al7|= pmoA gene 1|
w Alshgel 2US B4R ARa] A 7% Y o
L5 3 9lth[23]. WEr XA+ (methanogens)> #714 =4
oA Hg-E 8t archaeao|tH[13]. & gk AP
methyl-coenzyme M reductase(MCR)0|& a5 @& s}o]
#7185 2l HF DA A HEE FEerh MCRE o-
(mcrA), B-(mcrB), y-subunits(merG) 2.2 FAE o] 9lom,
2w A Fa g oY merA operond AY
3L §17) g2l o] merA genes o831 HE AP &
H& BA st A 5 Aoh4].

AG7HA A, =, AHES E= WA FA A Y b
g ARSE 2 o] gt At S| o] FojF eu13], ¢l
7kel 7Hdo] 7 At & 5= Qe T4 EUY v 43}
2 A gt JEE AY floh & dFoA = =4 S
oA AT EFY wwe Azt @ A FA e dal B
7}3}aL, pmoA @ mcerA geneS EAI 0 ZE AT PCR HHHo
2 e Astat o v A Ao £3, =4
S B Ao 2ARE ATgHE 7129 chobet 8
249 BOFS qALOR W Aukglat vl B4 S)Egk

Ti= % GH

NCRT

Ao] AT B ARS A A2Te $AT S TF
stmol 4 A3 SHE0m, soil AL LERIA AAT =
olm), soil BE 54 24 Seelq AT oz A
9, 8% 59 57 2L 2T E 24 B &
Foltt. Soil C= 4 W) Beel 4 AT BFo Fri7
EA)3Hs AYAQ shek mopol, soil D WA 1) e
7ok, GEUE, MUF 5 717 2 1R dd Sl gk
E9Folth. £3 10 emol 4] 20 em Aol L HH 34
ov], Ag] A48 57] Aol 2 mm A2 AN FE AXE
AA st

EYo| Ed|3let™ EY

pHE EY A& 10 gt 754 25 ml& 50 ml§ test
tubeo] B3, 3084 wyl U AZA|7] & pH meter (F-
51BW, HORIBA, Japan)E ©|-&3t] S35t Bl &
8 8 T2 110°CY oA 247t o] AXE &,
oAl Aol H oA Yztste S5 eH, f7lE FF2
110°Co| A 2A17F 9 A RS EF A]&2 550°C furnace
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(WiseTherm, DAIHAN, Korea)o]|A] 3027t 7F&E 3t 5y
sto] 2459t

BIEt Atst 21 A4

EoF A RY gt Ast A58 557 Y8 NMS
8} ] MgS04-7H,0 1.0 g, CaCly-6H50 0.2 g, KNO3 1.0 g,
KH,PO,4 0.272 g, NagHPO,4 12H,0 0.717 g, trace element
solution 0.15 ml, 1L distilled water)S AF-&3}o] 3] &4
28-S 2133} T} Trace element solution< 1 L2 distilled
water®] FeSO4-7H,0 200 mg, ZnSO, 7H;0 10 mg, MnCly-
4H50 3 mg, H3BO3 30 mg, CoCly-6H20 20 mg, CaCly-2H;0
1 mg, NiCly'6H0 2 mg, Na;MoOy4-2H;0 3 mgS ARSI
o AP ZoZE 600 ml 37]9 EAWo] 23 BEF A
& 2 g¥ NMS HjA] 18 ml& gof 4o F9loH, tfjzLe
E ESAES ¥A %2 NMS #i7] 20 mlE ©]-&51%1
ot 7t @2 1R R grol WEgh ek wg 7hA
(99%, Gas Valley, Incheon, Korea)Z 30 ml 5¢J3lo] 27]
E%=7} 50,000 ppmo] HEF ¢t shte| BEoF AR T
07| HEAE Fon] tEhe HE7} 500 ppm OS2
dojie f Y-S T2t DNA 52 3 sampling
= AFystqct.

Bk vgt A A58 SHE 600 mle] HEE o]
&5t IRACE PGt EHP| EY A& 2 g}
7148 vl R (KHPO,4 0.6 g, NagHPO4-12H,0 3.35 g, NH,Cl1
0.3 g, CaCly'2H;0 0.13 g, MgCly'6H;0 0.1 g, NaHCOs3
4.0 g, NayS-5H,0 0.017 g, yeast extraction 0.05g, 1L
distilled water) 18 mlE ¥ o] Fou[l], g4Hdoz =
starch 1.48 g& W3t gt A4 SH 9 gz o=
€ E¢S A &2 77149 wiA 20 m7} AR E Lo, &
2902 starch 1.48 go] AFEEHUTH EAXH L2 AL 7}
2 (Seoul Specialty Gases Co., Ltd., Seoul, Korea)& ©]&
sto] ALsE 7, ZEOPIZ wob YR atsict. shtol =
F AR FINY BHESE Folon, e 5= SV H
ol #EHA Fow Y& TR DNA #&2 A%
sampling< 2ttt PP Y d&t == F7|Ho =
1 ml9| gas tight syringeE ©]-&3to] EFH JHZHH
0.3 mle] 7} AASNAL, BE o] 23 2717 B2
7k~ 3 2 utE 12 1) (2680 series GC system, Agilent, Santa
Clara, USA)E ©o|&3to] =& SAsAh vg 712 &
A 2L 28 % 100°C, TR 4 HEH 2% 230°C
oA S35kt

HIE AtSHRT} HIEH AT B

oL oo™

st B oA YFHe BEF ARE 42 0.5 g¥ A FH 3t
HFE 1.5 ml effendorf tubeol] Eic}. Wigk A3} 2 A
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A5 B AY 4R 5, B e Aekaa g A4
N sole ARE 2 AWz 1 my A3
o BHE 1.5 ml effendorf tubed) B3 YA E |5} A
S-S A A Th NucleoSpin® Soil Kit (MACHEREY-
NAGEL, Diiren, Germany)E ©|-83}o] ZF E9FO 2 HE
DNAE Z&319 11, 255 DNAE ASP-2680 (ACTGene
Inc., Piscataway, USA)E o|-&3}o =& EQIsIA .

gk Aokt o] A B4 A8 A189f (5-GGN GAC
TGG GAC TTC TGG-3"2} mb661r (5'-CCG GMG CAA
CGT CYT TAC C-3" [12]9] primerE AF2-3}o] AZF PCR
< &3l £481% . PCRE $3ll PCR buffer 2.5 ul, dNTP
2 ul, 10 uM9] forward ¥ reverse primer Z 0.5 ul, SYBR
(50x) 0.2 ul, ROX (50x) 0.5 ul, Taq polymerase 0.2 ul2}
EG N2 A 553 DNA template 2 plE 40} 2F 7
9E 25 uE stk PCR 38 272 95°Co A 387t
initial denaturation, 95°CollA] 15%7} denaturation, 55°C,
72°Co| A Z} 30%7} annealing ¥ extensione 3P 3}H 1L,
reading step< 82°Col|A] 30%7t 3¢ & 40 cyclesZ 7300
Real-time PCR system (Applied Biosystems, USA) %
7300 system softwareS ©|-&3}lo] Z3Y3}H Tt pmoA gene
< 10725F 107°7hA] 3] A 5te] vet Abstt o] g gt
AFHo R ARgsIlon, o]& v R Heh AFSht 9| gene
copy numberE AAs}itH

ek AT 4% R4S Sl ek BAEE mord gene
o Eo0]&¢l mlas (5-GGT GGT GTM GGD TTC ACM
CAR TA-3"9} mcrA-rev (5'-CGT TCA TBG CGT AGT
TVG GRT AGT-3") [21]9] primerE A}&3to] A PCRS
S 24314 th PCR buffer 2.5 ul, ANTP 2 ul, MgCl,
1ul, Bovin Serum Albumin (BSA) 0.4ul, 10uM¢
primer set ZF 0.625 ul, SYBR (50x) 0.5 ul, ROX (50x)
0.2 ul, Tag polymerase 0.2 ul&} EFo|A %3t DNA
template 2 WS 4o FF 2 E 25 uWZ 3t PCR ¢
3P Z AL 95°Co| 4] 3E 7} initial denaturationS =3 st 5,
40 cycles F<QF 95°Co|A] 15%7F denaturation, 55°C%}
72°Col| A Z+Z} 40% 7t annealing & extension2 433t 5,
82°Col|l Al 3027t reading stepS 43Y3to] R Y3}

I S m m

F& AT AFASE AR e, ol & Fof vig A
g

EYo| Ea|3leN Ed 2M

A EF AR 72 E235 E4E Table 1
o 7|&3tAth L5 £ soil A2 A%, pH7} 8.26 +
0.1622 FIZAL =1 glon, thE B9 AJFE(soil B,
C, D)% HZPE o FoT+ A& E4chp <0.05). HE A
TFolA SA% gt &5 ESY pHE A ¥ EH, 20039
A& gdrfold A g9 stugA oA EFE A3 st pHE
273 AT Aol N EF pH7F 7.8014 9.8 M9 2
S et gl em(15], 20049 AHA S 2530 54 &
< YACE pHE &AT dF 23 94 HF pHYL
5210.528 Uet9]. &, & A+ 2ot fASH &

5% EYY pHe FEZe oA gz dd 487t
otk

Soil A9] 2=E 3=FL 15.03 + 1.55%2 soil B, C, D7} oF
20.42-30.20%<] 8 FFS YL gl Aol vls) 1 3%
o] ¥h(p <0.05). §7]= &Y o= soil A7} 0.84 +
0.01%2 YEtY o, soil B, C, D& 3.93-4.92%2 < Y
EFWth Soil A9 gk 7|E9] T At EA% 5
Bk 87|18 FHEFQl 0.56 +0.34% BTt =XgH9], 4=
a7} o7} 2 soil B, C, DY 2L w S&-o)3 =
Holw Fjdoz ¥ 39 §7|8% £¢stL It
(p<0.05). EF9| & g B Yo EA5tE nyE
o] &30l & FFE 71ATH19]. Bl EAste 0] A
S4E AL BEAT} 2ol &7] 2H 0] HEZ[13], soil A
O EF AR B3 & o 3714 &Aool & 5 9L
o 28y fE ] BEeE EY Y 29 o8 xg
S 2= o] Q)= nutrient O]§E7F RolA BR[19], o
2 EY| ]3| & ko] B2 soil AE EF njAES A
Aol AtjH oz B3t 4= 9Jr}. T3 soil A= soil B, C, D
Hoh e 97|18 e AU goeng B Y $7E
ofsto] Asts ngEde A2 Hgeta ¢

* o2

=1

jul

58

M Hr o

=&
merA gened 107°5E 10770 B4t ot JAH9 4 & doat Azt
Table 1. Physicochemical characteristics of soil samples.
Soil A Soil B Soil C Soil D
pH (8.26 £ 0.16)2 (6.69 £ 0.02)° (6.59+0.01)° (6.82+0.12)°
Moisture content (%) (15.03 + 1.55)° (21.83 £0.74)° (20.42 £ 1.11)° (30.20 £ 2.76)2
Organic matter content (%) (0.84 +0.01)° (3.93 £ 0.03)° (4.91+0.23)2 (4.92 + 0.42)°

Mean value: a, b, c: the different letter indicate significant differences between groups (p<0.05).
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Fig. 1. Methane oxidation of soil samples. (A) Methane oxida-
tion of soil samples enriched with CH,. Bars represent standard
deviation of the mean (n=9), (B) pmoA gene copy number in raw
soil samples, (C) pmoA gene copy number in soil samples
enriched with CHy4 (n = 3).

CH, Oxidation and Production in Urban School Soils 35

H[17], o] FE71& A Hgko] AJ7te] whet v|H AR 4k
sheith A B vigk Abst A 58E 2ARE 21}
soil B, C, D7} 9F 100-200A17F2] S-=7]& Bl v, soil

= 9F 40047t AdF o g 71 fE7|1E EATH(Fig.
1A). & Ao ESY vt Abst A 582 H 4t
& o} HjASIE R O] T 71R] g o2 UHiRo] A4S
ok H e Hot A3t S FE7|E Z3ste] 27] v
F%E 50,000 ppmof| A HE FE7} 500 ppm ©]5tE oA
ARE TR AZ7HAY de 529 A& 488 A7tS
2 Uy 3lon, stEa o7 Hot& AHESHETh mEe
HAR} £ = fE71E AlYsta, wgk 43k 548 T
ot F2te] A £ =8 FEFATHR? > 0.92). ZF EF| 1
EF Absto] ojgt Bt AFSkE T JA] soil AE 60.3£0.8 ug-
dry soil *h™'2, soil B (181.9 + 3.2 pg-dry soil *h™}), soil
C (109.5+2.1 ug-dry soil *-h™), soil D (191.9+3.0 ug-dry
soil -h™hol| Hal wg Akste] W L7t LR Ov(n=09,
p <0.05), ©]= soil A9 Hgt A3} A FEo| E EYH
o @ojX & AE T3tk 2y U soil A7} | AFS}
£ AZSHHE, 11 &&= soil B, C, D& v = 34 HA
A A gkoket. Eoko] wgk Abstol it Bl4tStE = soil A
7} 444.5 £20.8 ug-dry soil *h'¢ 21, soil B, C, D= 2}
H 2 530.6+86.7 ug-dry soil I-h’!, 392.3+29.6 ug-dry
soil I*h™!, 797.0 £ 18.2 ug-dry soil *-h7'¢] HJABIELEE W
Ao &5 B soil A7} gk AbSHE AlstE, 235]9
ek EFQl soil C B} W2 £E2 WS Abslsts Ao
2 Jethp < 0.05). ©ahA soil A= soil B, C, Dojl H] |
=717} 47] 2ol B9 wgt A3t Hol A A4k, o
e AHSE 913 AR S o] 24 H o Hg ASHE AR
51, soil A9 W&k Ab3to] i3t 582 & EFo| B
e oA Pe= A & 5 U

H et ARSE B4 FAR] pmoA genes BHALE o]
ZF PCR & o|8sto] E 5 veh 48} A= A &
Aottt 1 21 A Y EFolA S pmoA gene copy
number= soil A (6.1 x10%), soil B (1.6 x 10%), soil C
(1.7 % 10%), soil D (1.9 x 10%2] Zk-& 2o, soil AdA < H|
g A3t A ES$E soil B, C, Dof| B AL gke UE
Wrh(Fig. 1B, Table 2). 12yt @ oA wgt 437} 2+
25 AHAE soil A9 pmoA gene copy numbers
23+1.1)x10" AER A 2718191 ES B (2.8+
1.1) x 10%), C ((1.2%1.6) x 10%), D ((2.3+1.7) x 10%)2} &
O3t Aol & HolA| grdth(Fig. 1C), (p>0.05). HF 3 &
o vigt Absks S 3 vg Ask A 2 ZH(Table 2),
Y T7Y EY ZF ve 4stS A2 gl v 4k
35 A% AP B st A= mle AbsE WA Fol F7t
stof, Mg 48t 4= e FAEE AL S € &+
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Table 2. Comparison of pmoA gene copy number with previous studies.

pmoA gene copy number

Samples Site e Ref.
Natural source Géttingen forest soil Germany 0.8x10° [11]
Deciduous forest soil Lich, Germany (5.0 £0.30) x 10° [10]
Boreal forest soil Uddhaure, Sweden (2.9+0.10)x 10° [16]
Moor House peat UK (2.5+0.3)x 108 [16]
Colne estuary sediment Essex, UK (1.8+£0.1)x 107 [16]
Cloud forest soil San Pedro, Peru (1.6+0.2)x 108 [16]
Rain forest soil Tono, Peru (1.2+0.1)x 108 [16]
Engineered source  Soil biocover (depth 0-82 cm) Seoul, Korea 10"%to 10" [8]
E.C biocover (depth 72-82 cm)? Goyang, Korea 100 [8]
E.C biocover (depth 0-62 cm)? Goyang, Korea 10%to 10° [8]
Atrtificial source Rice field soil Hangzhou, China 5x107 [14]
School soil A (raw) Seoul, Korea 6.1x10° This study
School soil B (raw) Seoul, Korea 1.6x10° This study
School soil C (raw) Seoul, Korea 1.7 x10° This study
School soil D (raw) Seoul, Korea 1.9x10° This study
School soil A (enriched with CH,4) Seoul, Korea (2.3+1.1)x107 This study
School soil B (enriched with CH,4) Seoul, Korea (2.8+2.2)x108 This study
School soil C (enriched with CHy) Seoul, Korea (1.2+1.6)x 108 This study
School soil D (enriched with CHy4) Seoul, Korea (2.3+1.7)x 108 This study

8E.C biocover is Earthworm cast biocover.

ATt soil A9] AL, ThE EGRT 7] S22 B bg
Aghso] Ao s Wtk 28y fE71E A ww A
35 AIASHY, soil Ax THE B FARAA @ Ats &
TE Holy, Wg AbStat o) A G k2 EFY A
w3 Fo3 o] & HolA] ¥ A== A FhsHh
Z soil A= soil B, C, Dojl v|3]| Hgt AFS}e-2 Do x| 2|, o
g AbShato] At WgS 4h3tE 4= Qe Y 5
23] AU Sl AL FridEdh

2 Ao AT W FF7Y ES Holl EAste A"
AbSHt 9] pmoA gene copy numberE ThE E T} H| w3}
ZAIE Table 20 YetRltt A B¢, EAE 5 Z3e
Ad 7 B @9 Ax FF T pmoA gene copy
number:= 10%f1A4] 107 ¢ £Fo| 10, 11, 16]. WiHEA]
SolA H" AAE Al L E B D AHo] RHEES
0] 83t biocover A| 289 T EoF ZgF o} pmoA gene
copy number:= 1080 A 101 2[8], YutA ] 21 317 o A
9] pmoA gene copy number 2t At A o2 Wt g F
o AYH 7+ Hol e = EUF pmoA gene copy
number/g dry weight soil& 107 $=Zo|tH14]. & QLo
A AT Stu EFY @9 5% T pmoA gene copy
number= A 317 B9} biocover A|AE oA E Tt # A

http://dx.doi.org/10.4014/kjmb.1310.10005

3] 22 10%f4 10° F0] 3 th(p < 0.05). 53] =54 A
A28t soil A2 pmoA gene copy numbere= 10° X2 th
E BT H RS o AASHA Fohot ol AF T EY
ANB7F f71E o]l B Huket =4 w9 LFA oA
ANFH8ER7] 2ol o]of thet FFo=E oz A2 o
9] pmoA gene®] HEH AR WHETH13]. 1Y Hgt
S A5 o] To = soil AE ZFSH Y] R EF EF
pmoA gene copy numberZ} 1070 A} 108 HEE biocover
A &" 9 grE o= WRGE, AubAQl A 9| Zha vl
HE ) 2 Aol wol x| Herhp > 0.09). Tty =4
A E QAT G oA AT Y FFY Bk vg AstE
At Aget &7 stol A= g ASkt Y] A Lol St
of WghE 48k 4= Sl 58S AU Yles & & Aok
I FAAE E3] soil AY A5, EFY & FF 77]
& 370 7MW EGYolE S8kl WE Abghto]
7hste] g AFete 4= Qe A EE FES AYx
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Fig. 2. Methane production of soil samples. (A) Methane pro-
duction of soil samples amended with starch. Bars represent stan-
dard deviation of the mean, (B) mcrA gene copy number in raw
soil samples, (C) mcrA gene copy number in soil samples
amended with starch (n = 3).
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o] 7% 50AZt o] Wof wgte] A= 7] Al&Fske] oF 3000
A 500 ppm7HA] Hgro] HHAE Qlch. T2t soil A= HIE
Abgtel A 2 Ao g 71 A A71E vEhllen, o
90A| 7o) At o] vekE AA5L7] A&ttt B B
o W A4S EE Fig 2A9 fARE A3k AT Soil
A9 A% 0.6£0.03 ug-dry soil h12] £E 2 w|Eo] A
A= AT soil B, C, D= & 2 2.2+0.4 ug-dry soil !
h™', 2.3+0.4 pg-dry soil “h7!, 1.8+ 0.3 ug-dry soil *-h!
o £EF HYO RN soil AY FH W 43}t £ 27t o E
EGF ANREY =g Yegt 24 B AR wg A4
of gk v &= FA|, soil A= B+ 1.0+0.1 ug-dry
soll 1h71e] $58 A4, ok Aol A EekE soil B
(4.110.3 pg-dry soil *h™?), soil C (3.1£0.5 pg-dry soil -
h™), s0il D (3.5 % 0.6 ug-dry soil *h™HEct =g A ye<
A8 ATHp < 0.05). & soil Ax H&E YT == UA
ok, wlgS A7 |74 o EGET 71 AlZo] 28 FHH,
soil B, C, Dol H|3}| Wgte] 5ol AH L2 ojX|=
AL & 4 ot Table 19] YEFHRO| soil A 8 5
o] oF 15% AE=E thE EY AR vlg] Yon, B¢ 4
& o] IE4E EYL 374 2] "n13]. Hgt A
A2 @718 24N HaE st F48 714
(facultative anaerobic) == A ] & 7] A (strict anaerobic)
o] th13]. WA soil A= soil B, C, DR T} &8 3+aFo]
AFoR @7] g Aal Envt o EGEG =%
= ZolH, oo wte} vek AAto] WES st o
£ Eol vef iR ez Agsia| 3 Bl Aol

mcrA genexx AL R sto] BE¢F Y v|et A& real-
time PCRZ A £4] s}Ath(Fig. 2B, 2C). &57A A
23t soil A9] mcrA gene copy numbers= T AR S
1.7x10°2, soil B (2.5 % 107), soil C (1.3 x107), soil D
(8.4 x 10" Bt} A9 th(p < 0.05). 1} starchS A7}t
Hegk Ao dFEH FTo= soil A2 merdA gene copy
number”7} 6.8 x 10’2 Z7}8to] €37 soil B (1.3 x 107),
C(1.9x 107, D (6.4 x 105 Xt} wkth(p < 0.05). Soil AY]
He A4 A T80l thE EF AREY W3 E &
TotaL, Wi A Alat7F 7HE okt Soil A E ol A
& starch 7|8 H7I2 A3 B Ho] EAst= ve B4
9 AWAZe] B EGEY A FIFSHAA, HE A4
79 o] o2 EF| Hl3) Rt7] Wi ol g At
£ 2d% Aoz 4749 ggA FE RNA ARE
template2 3o Z} EF Al 29| g BH+& vl F7}
St Zlo] Fasitt

A 2 9 A2 AN AHE Y FFRY EG AR
o] 23}+= mcrA gene copy numberS Th2 A A}t
H| 23 gF2 Table 3o ettt &, $4 59 Ad B¢
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Table 3. Comparison of mcrA gene copy number with previous studies.

mcrA gene copy number

Samples Site a1 el el G Ref.
Natural source Acidic bog Migneint, UK 1.4x108+2.0x 107 [7]
Calcareous fen Cors Goch, UK 3.3x108+2.7x 108 [7]
Riparian wetland Nant Ffrancon valley, UK 1.8 x 107 +2.2 x 108 [7]
Engineered source Biogas reactor® Eichhof, Germany 0.5x10° to 2.1 x10° [6]
Biogas reactor® Eichhof, Germany 0.9%x10% to 2.4 x 108 [6]
Biogas reactor® Eichhof, Germany 0.6 x10% to 2.0 x 108 [6]
Biogas reactor® Eichhof, Germany 2.2x 108 to 4.8 x 108 [6]
Artificial source Rice field soil Hangzhou, China 1.7x107 [23]
Cattle pasture Treinta-y-Tres, Uruguay 108 [18]
Flooded rice field soil Treinta-y-Tres, Uruguay 108 [18]
School soil A (raw) Seoul, Korea 1.7 %105 This study
School soil B (raw) Seoul, Korea 2.5x107 This study
School soil C (raw) Seoul, Korea 1.3x107 This study
School soil D (raw) Seoul, Korea 3.4x107 This study
School soil A (amended with starch) Seoul, Korea 6.8x10"+56x10°  This study
School soil B (amended with starch) Seoul, Korea 1.3x10"+3.3x10°  This study
School soil C (amended with starch) Seoul, Korea 1.9%x10"+7.8x10°  This study
School soil D (amended with starch) Seoul, Korea 6.4x105+22x10°% This study

@Anaerobic reactor fed with casein (2.45 glI™).
PAnaerobic reactor fed with casein (8 gl™).
°Anaerobic reactor fed with starch.
dAnaerobic reactor fed with cream.

o 9] mcrA gene copy number= T AZ FF} 10%]
A 10° HAATHT]. 713 2 A biogasE AAte U&=
RETS A LA E 10%14] 107 H$€] merA gene copy
number/g dry weight soil& UEPWHTH6]. £ Aol A 2
3 B YABLE sl A (1.7x1092 A3 soil B
(2.5x107), soil C (1.3x107), soil D (3.4x 1019 A%,
merA gene® copy numbero] A XA E9F L biogas AJ At
N2YI §oie A48 BolA ghatthp>005). Teiit
starch 7] A& H7tstal A A7t v ekgh o] o= soil A
9] merA gene 427} 3A 271814 (6.8 x 107 5.6 x 10°),
soil B (1.3x 107 £3.3 x10°, soil C (1.9 x 10" + 7.8 x 10°),
soil D (6.4 x10°+2.2x10% Bt @& 29 merd gene
ol AEEH e, o= tE A AHANA HEH merA
gene copy number®} 5-2J3t X5 Ho|X] ¢=Th(p > 0.05).
meba B4 2 9D QAT A A HHE | 7Y ES
< % Hek A Age dHo] =Y wg AT A
Aol F7hste] WgS AT 5= e 82 AU 9
ok B3 5 EFQ soil A= Yl TR E¥ F P+
71E &) Rol EF U f71ES st st |

http://dx.doi.org/10.4014/kjmb.1310.10005

RE o 7H 8 As 49 EFYA e, e A
ol digh QY-S SE38] AL S & 5 Utk
71& AtollMe FA, = WHlA T FaolA Hgk 4
3t 9 Ao gt A= e YU, o] &
Q7] ol 7MY & =4 EFY wiw Atst 2 BAE
< st AEE A ok mEkd B d3E T4 st
A AHT EFE ARE 5t wer ] Abst 9l Ao gt
FAYE AT 2T 258 EYQ soil A= o
£ B vl3) vt Abste] didt R =77 AdFH o 4
I, WB A £ SR Bk W wgk Abst o]
e B4 A1 G4 soil Aol ZA3H= v|ek Akshto] A A
o 4 s0il B, C, Dof| H|3| AjE oz A2 g e
oh. 2 wigk Abskef] tf$t B]AbS: =& soil A9 F$-
OE B AR A AAAA gon, det A3t ¢
55 o|% 9 Hgt A3t AA TS GAl soil A, B, C, DI
Al folgt A7 e A] gtk > 0.05). B ofy 2t |
g As7E SR E o Fol, Ul TF EFOlA] vw st
MAZE7E 4 B, 4, 88 59 Ad 43 & 4
o] & HolA| ASUTh(p >0.05). o] & T3 =4 staofA A

i



HE U 59 = 49T 8 shlA e A5
AAZY F7kste] ISk A8HE T 4 G FASE 7HA
1 gk o= Wy,

EQY mgt A A s8& 2AE 23}, v Absket
UR7EA 2 soil A Th2 EoF AR R dlg Aol gt
=719 Hat g A &=, 8L S27F =94 YE

STt soil A oA gt A AAIES GA soil B, C, D
Hot Aglon, o5 53l soil A9 W&t Y& THE E
& Az v ojFE & 4 A 1Y 71EAE H7t
sho] mgho] A= I Gt o] Fof = soil A A< Hgk A4
AT 7 2 BEG AR Eoh BA YebtHp > 0.05).
|8 B3l &5 EFQ soil AdA = dlgt AAZF] A
o] 4 EGRY A M F s AYL YA
et Y] EHLE 2 EG Hg B2 A ¥ 5+ U

o, migt Ao AAH S B A=
Z} E9F A|29] RNA sampleZ 53 H7l7} Zasitt 2 4
TFoA AFT vl TR EG 2F, eS AT OlT«l
et Bt WAT 7 AU biogas AAE A|AE R 59
8 A2 Ho|x] &grom(p>0.05), soil A, B, C, D= &3t
gk 27 stoll A viet A Y ATl FTFeke HEE A
g = e S 7 A8 Hrid.

2
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£ Ao A B4 T 5% (soil A)F} SHe(soil B, C,
& D)ol A AT EFY FAAQ Wt 43 D A5
BT B QAR F S A 28 4T 24
A3, 2574 Eok(soil A)= 6.1 x 10% gene copy number/g
dry weight soilo] ¢l 24}, 3tk E 9% (soil B~D)= 1.6-1.9 X
10° gene copy number/g dry weight soilo|gith. EFE 4
o WOl A 7h2E FUatol 24 HE AT B
bt 2, £ EFS e Eopuc i@ e dskel)rt
A 7 §EANE BGOU, §E] ol FE Se EFt A
of $AIE ek ASPS eyt Ed £ 5 £l o
e A3t 42 2.3 %107 gene copy number/g dry weight
soil7bA] Z7tste] ik EoFe] wjet Absh 42(1.2-2.8 x 10°
gene copy number/g dry weight soil)Z} 52 & Z}o|& B
o] R Sttt WA A HFHT B we A AT
o AFSLoF GARSE dE S Helch EG YA R w4
7+ 4t 3o E9F(1.3-3.4 X 107 gene copy number/g dry
weight soil)o]] B3l €53 ESF(1.7 x 10° gene copy number/
g dry weight soil)o] 8 Aot 1u EFel §71E8<
Bk ols A BAo) wRE Polk du A4 74
L =% B 9 EY BE 107 gene copy number/g
dry weight soil =F0|%lth. & A1E S =4 wA A
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