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Comparative Assessment of Specific Genes of Bacteria and Enzyme over Water Quality
Parameters by Quantitative PCR in Uncontrolled Landfill
Ji-Sun Han - Sung-Fun Hae - HunJu Park - Chang-Gyun Kim'

Department of Environmental Engineering, Inha University

ABSTRACT : As for the increasing demanding on the development of direct-ecological landfill monitoring methods, it is needed for criti-
cally defining the condition of landfills and their influence on the environment, quantifying the amount of enzymes and bacteria mainly
concerned with biochemical reaction in the landfills. This study was thus conducted to understand the fates of contaminants in association
with groundwater quality parameters. For the study, groundwater was seasonally sampled from four closed unsanitary landfills(i.e. Cheonan(C),
Wonju(W), Nonsan(N), Pyeongtaek(P) sites) in which microbial diversity was simultaneously obtained by 16S rDNA methods. Subsequently,
a number of primer sets were prepared for quantifying the specific gene of representative bacteria and the gene of encoding enzymes do-
minantly found in the landfills. The relationship between water quality parameters and gene quantification were compared based on corre-
lation factors. Correlation between DSR(Sulfate reduction bacteria) gene and BOD(Biochemical Oxygen Demand) was greater than 0.8 while
NSR(Nitrification bacteria-Nitrospira sp.) gene and nitrate were related more than 0.9. A stabilization indicator(BOD/COD) and MTOT(Me-
thane Oxidation bacteria), MCR(Methyl coenzyme M reductase), Dde(Dechloromonas denitrificans) genes were correlated over 0.8, but
ferric iron and Fli(Ferribacterium limineticm) gene were at the lowest of 0.7. For MTOT, it was at the highest related at 100% over
BOD/COD. In addition, anaerobic genes(i.e., nirS-Nitrite reductase, MCR, Dde, DSR) and DO were also related more than 0.8, which
showing anaerobic reactions generally dependant upon DO. As demonstrated in the study, molecular biological investigation and water quality

parameters are highly co-linked, so that quantitative real-time PCR could be cooperatively used for assessing landfill stabilization in asso-
ciation with the conventional monitoring parameters.
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Table 1. General conditions on the uncontrolled landfills used
for the study(C1~C3, WO points are inside of landfill)

General condition
Landfills | Period | Area | Capacity Sampling
Start] End | (1,000 )| (1,000 m?)|  Woste | pomms
Pyungtack(?)[1987]1992] 23.7 260 PI~P3(3)
Cheonan(C) |1991(1998] 62 41 M‘;r(‘)ilci;pal C1~C303)
Wonju(W) |1982[1995| 81 2 | ageswy V0~ WEO)
Nonsan(N) | Operating 42 175 NI~N2(2)
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ACG ACT T 3% &% FE& FP3ATHPCR Machine,
Techgene). PCR ZZ4H22 Winzard®SV Gel 2 PCR Clean-
Up System(Promega, USA)2.2 FA|g15em FAA|H 16S tDNA
PCR 4HE& pGEM-T easy vector(Promega, USA)ll 73 3Hliga-
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Table 2. Primers prepared for real time PCR
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Name Primer sequence(5'-3') Reference  Annealing T.(C) Template(uL) Product size(bp) Target
16S-27F GGT CTC AAG CGT
TGT TCG GAT .
16S 165-492R AGT CTC CTC TCC 22) 55 0.3 150 Bacterial 16S rDNA
AGT CCT CAA
832F TAC CAC CCC GAG
. CCG CGC GT Denitrification
mrS o 6osR AGK CGT TGA ACT 2 29 65 03 796 (Nitrite reductase gene)
TKC CGG TCG
MEL-F ((;J(C}I\\f, i¥g iéR ATH Methane Production
MCR ME2R TCA TKG CRT AGT 25) 50 0.3 760 (Mizlzlylctz(;:nzi:ee; M
TDG GRT AGT uctase &
DSR-2060F AA CAT CGT YCA
YAC CCA GGG Sulfur
PSR DSR4r GTG TAG cAG TTA 260 2D 37 03 350 reduction
CCG CA
NSR-1113F CCT GCT TTC
AGT TGC TAC CG Nitrification
SR .
N NSR-1264R GTT TGC AGC 2 37 03 131 (Nitrospira sp.)
GCT TTG TAC CG
Rfe-454F GGC CTG CCC TAA Fertic reduction
TAC GGT G From this
REE 996 R cCG TCA ATT CCT study 54 03 473 f(elifloe’j;f:::)
TTR AGT TT
Fli-994F CAT GTC CAG AAG
Fli CCC TTA GA From this 54 03 499 Ferric reduction
1492R GGT TAC CTT GTT study ' (Ferribacterium limineticm)
ACG ACT T
Dde-210F GGC CTT GCG CTG
ATT GTG From this (Dechloromonas
d .
Dde 519R GWA TTA CCG CGG study 65 03 310 denitrificans)
CKG CTG
Methane
Al189-F GGN GAC TGG GAC Oxidation
TTC TGG (Methylobacter/Methylosarcina,
MTOT Mb661-R GGT AAR GAC GTT 29) 52 03 1 Methylococcus, Methylosinus
GCN CCG G group, Methylocapsa,
Nitrosococcus)
cycle)gt 2 2A o)A probed] & I(fluorescence)Fko] base

linedt MFHE AFY cycle number=2A A e wds}
+ A&7t Aok AuFFL copy numberE &I Qe stan-
dard®] Ct& 7|&o2 #AFH(standard line)g ZA3te] Al
E29] DNA copy numberE ZFZsA Hch

AFHQ AZAFPL WA A8 genomic DNA 0.3 ul,
&3 primer Z+ 200 pM, 22 I SYBR Green dyes} ¥
# iQ SYBR Green Supermix(2X, Bio-Rad, USA) 25 pLdj
B SHRTE AUtk AR89 £ BIE 50 ul} HEE
2389t 2 ¥ 50 uLg A|EE MJ white PCR tubed]]
@3 Real-Time PCRE o] g£35lo] PCR ZEZ3H Zd] QA
5 dsDNAZ <Qis) @335l SYBR Green I dye ¥ A}
71§ AATLE 335 R . FZ3E L2 Table 33 2} A

g 2 AFH e £017] A% EE gened] FFHL reference
gened @7 234 g FF A

Table 3. Temperature conditions on Real Time PCR Protocols
Incubate 95°C 4 min

Initial denaturation

Incubate 95°C 30 sec Denaturation
Incubate Annealing T 30 sec Annealing
44 Cycles -
Incubate 72°C 30 sec Extension
Plate Read Reading

Incubate 72°C 5 min

From 607C to 95T
Read every 0.2°C hold 1 sec

Incubate 30°C

Final Extension

Melting Curve
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Table 4. Observing frequency of bacteria

NCBI No. Species Cl C2 C3 Wi w2 W3 W4 W5 W6 w7 w8
AY651926 Comamonadaceae bacterium MPsc [ )
AF435948  Rhodoferax ferrireducens* [ [ o @ L]
AY609198 Rhodoferax antarcticus [ ] [ )
AJ440986 Antarctic bacterium R-7724 [ )
CP000089 Dechloromonas aromatica RCB ® [ ]
AF170356  Dechloromonas sp. SIUL o
AJ318917 Dechloromonas denitrificans* L e
AB080645  Sulfuricurvum kujiens ) [ ] o
AJ583090 Pseudomonas fluorescens o
AJ581999 Pseudomonas lurida [
AY904765  Bradyrhizobium japonicum o
AJ551147 Janthinobacterium An8 o ®
Y17060 Ferribacterium limineticum* [ ) @ L
AB021385 Vogesella indigofera [ ]
AJ585992 Hydrogenophaga atypica ®
AY625148  Uncultured bacterium clone L-4 e o
AF423222  Uncultured 1326-2 L
AJ583203 Uncultured Geothrix sp [}
AJ009471 Uncultured SJA-63 o o [ )
AY050600 Uncultured GOUTB17
AY050578  Uncultured GOUTAS o o L
AY699582  Uncultured PHE7dS ®
AY955085  Uncultured 5-la [ o
AF072920  Uncultured H20 ®
AY218607 Uncultured KD3-141 ®
AB240471 Uncultured SRRT25 ®
AY622267  Uncultured S-E105 e o d
AB240249 Uncultured BS069 [}
AY662038  Uncultured 015C-Cl1 e o L
DQO67029  Uncultured pLW-45 o
DQO66965 Uncultured pLW-9 (] o
AY662039 Uncultured 015B-E09 ® ® o
AY521561 Uncultured DGGE-type E L ]
AY188321  Uncultured KD6-11 o
3 A1} 2 & ABDAHQ Ferribacterium limineticum'™ - 37) AANA, &
A #QY Dechloromonas denitriﬁcansm)—‘e 27 A AAA &3
3. 0jME & BN Z3  HE /A MY A
Table 4= Co W mj@x]e] Z+ #gdA 34 AAES @A BESH Pt Fgo F2 Fostke FIBE F
STEE FEI I BFVEE 7|ELE WY £ o Q 27, My 2 § 89773 £33 g4 FHd §
£ ¥e wE) dste] AYUA Hol Uhd mlgE Y 3359 9PN wUHE HELY 245

%2 NCBI Database 5538 F3 2 A7 £4F
16S tDNAS] g71-do] A 98% ol LR 28 7|
Fo= AFE Aolth o] 7/I2H 98% ©14 Y3 uncul-
tured bacteria7} 50% ol ASHE A= YaEFgth 53
H AF F 7hed uaE 52 &2 NEE 29 AL 2

Q7R Rhodoferax ferrireducens'P7t 571 AR NA, G
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Table 5. Representative enzymes and bacteria groups

Reaction Class  Target gene
Methanogenesis ~ Enzyme MCR gene
. Enzyme nirS gene
Denitrification -
Bacteria Dechloromonas denitrificans
Sulfate reduction Bacteria Desulfovibrio et al.
. Bacteria  Rhodoferax ferrireducens
Iron reduction -
Bacteria  Ferribacterium limineticum
Nitrification Bacteria  Nitrospira sp.

Methylobacter/Methylosarcina,
Methane oxidation Bacteria Methylococcus, Methylosinus group,

Methylocapsa, Nitrosococcus
Bacterial 16S rDNA

Total bacteria

AT ZAAYANA 7+ A BEF D. denitrificans &
BB A primer® AReA AT o Sah

321. s+ & BMED

Table 69 Z+ SjPAE A 314 42 1A} Y RT-PCRY| ¢
T dE #1449 PFAE 4T 2PN 43 23X)
71282 Yehh ok

T2 B4 23 C WA §& 44 557 11 mglz
7HE 23 N gAY §842 557 37 mglE 7+E
EQT LS Ae5 AYANLE 2E NJPAS A9
8 P, W B C @A W@EE A7 2 1992,
19959 31 199802 vy 8 F A% FH) FesE

8242 sEE

&8t DO F% X9 435 A9
A g P

2 S BAT.
AESSHH A28 THBOD)E CofgAe] A<$ 57.97 mgL
27 32 P, W 2 N ulgx &M2 1 %7 2

=] = A~
Az

Qlo o
MAE=E

B4 #H7E
9] BOD H|&3]871&L A

AAQ9] B9 30 mgL olst2 W U N tjgxe AL 3
BAQY 71& BEse Ao Yoy C, Pe BT
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E2 @S EYTh FIELZERO A% ety BiheTt
ZHCOD)® A% P 2 C HHAY AS 27 185.00, 176.08
mgLE 2F ¥ %S YERAJ2Y W mig A 83.83 mg/L,
N #ig= 2541 mg/ £M=Z BOD 5% &4 A9l §A}
o FEFE BTk CODY HEFo) &3 871F BEE
FEAYEY H5 400 mg/L ol BEE AHIM 712L T
Zahe ALR YebETh

dEUolyd AANH, -N)E wiE 587182 FAR
Z¢ 50 mgL °lstE NuigA e BS =R 71%E 1
T ALE Vet 2y P gAY 3% JEe
€ A2z veigen Wiigx9 ek uy 249
I ZEF WO~W2HHL 50 mgLg 2 Aoz
Bt 8 W digx] AAAS el 94X W3~W8H]
A8 B 2T 50 mg/l ol3E 7|EE 95 Aoz U
Bkt CAH S A5 265.18 mg/L7kA| HEHO ARG
F 7H w2 557 33EA0h A2k A4(Nitrate; NO;™-N)
9 B EF AEEF 2 vHEY Ads 27129
20 mg/L °lst2 FAFEJoY WHiEA Y ZL W2, W3,
W4, W6 AHL 20 mg/L olFo2 F35o] A AH
57 B2 sEREEE BT

ol =4 B CHgAAA 11582 myLz 713
A AEFANeY BE A dgAgME EF 100 mg/Lo
o2 FFHEAT £ Ao A S 2YHY 3] e
2744 (Ferrous iron ; Fe*)3} 37} (Ferric iron ; Fe')e] &
=5 g¥e 2% 27HEF kE 2R CagAdA A =
A ZH =AU

Astr FE7IE 5 HEEF o8 EFY B gut A7
%7} 100 CFU/ML(2.0 log CFU/L) o182 FAIEZ 1t} C
@7 ¢ AL HF 10,000 CFU/ML4.0 log CFU/L) o]Ato
2 2 BEE EA5H Aol #FHYeH 1 9 37 A
X EF 100 CFUmMLE zF3ls Aoz Vet

Astr Alge] dig dutFl $2 ARE 2AR 8 C
WEA Y A ANY ALE AYstn BE &4 FEA
2 FEF YR i 3

5 8% Agol 18H02

TET

Table 6. Water quality parameters and amount of genes in groundwater(average value + STD)

Water quality parameters(mg/L)

Landfill | DO | NOyN | NHyN S0 BOD:; CODe, (Lo}zazt::;;L) Fe?* Fe* | BOD/CODG
P | 20203 | 172811 | 135495113 | 45934251 | 4144429 | 185008273 | 39002 | 041202 | 016501 | 0.2740.1
N [ 37415 | 367452 | 887407 | 54295355 | 354218 | 254145.0 3.08£0.2 | 08712 | 0.12£0.1 | 028£0.1
W | 16202 | 1017475 | 53.40+83.6 | 24.21£15.0 | 21.98+8.1 | 83.83£235 | 3.87403 | 0.6240.7 | 0.54404 | 032401
C | 11203 | 0.00£0.0 |265.18+290.8 | 115.82£101.4 | 57.97+18.1 | 176.08<100.6 | 4.94£0.1 | 1.9820.5 | 1.30+1.0 | 037+0.1

Quantity of genes(Log copies/nL)

Landfill 168 nirS MCR MTOT DSR NSR Dde Rfe Fli MCR/nir$
P 6.06£0.1 | 1005203 | 320:03 | 455502 | 5.01402 | 540£08 | 167202 | 1.59:02 | 7.98:0.7 | 032£0.02
N 6.19:04 | 934102 | 298+0.1 | 47004 | 428£03 | 5.04:1.6 | 147£06 | 2.14%2.01 | 446236 | 0.32+0.10
W 7480.5 | 12.08:09 | 432:0.7 | 5.04:03 | 528404 | 856£27 | 2.56£0.3 | 3.10£05 | 8.90£12 | 036£0.08
C 7.05£0.3 | 11.88£0.6 | 5.00:0.1 | 5.48+03 | 585402 | 5.04£09 | 2.49£0.2 | 1.90:06 | 9.75:0.6 | 0.43£0.09
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168 genes AT AT WEA W HA A4 239 &
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SRR A 2 527 Wuld A A oF 1E+12 copies/uL
2 7HE #%eH N wi@AdA 71 9A vebgth N uig
AoA nirS gened] FE=7F 7P W2 R o] A99 DO
7t 4 &AL A9 F 7HE £oH3.67 mg/l) BAWREo] ¥
o] FAFE Ag#F07] JEQ AeE gk W
W C QPAE W @A B} DO7F BA| 7 23]8] nirS gene
9 &5 WagA 9 3¢/t o A dEsth 3 olfe
C @A Hlst] W sjgxe] A Aol 527} 474
ZA A} F M 22 5571 2EH 22RFE 9¢
dog FE ol8E F Je RIS ZFA ] R
EHAY @ 37 4FA Dde gened] FF AT W,
C,P ¥ Ngx 22 1 5=7 ¥4 A&HULH o
£ nirS gened} A9 A& =9 BFH AU

e A7 Fe BoEE &4 £ methyl coenzyme M re-
ductase(MCR)= HEdd#E F vl GAE &4 @k
I 4EA QA F EAE el HlE fHAR ol 83t
At #7144 W dAgst vg 94 DOV &2 Nulg
A8 AS 7P 3 #E Efou CiEAd A Mg &
2 =& YRt ol CHEXY A9 @49 BOD
¢} COD9] B=7} 47 HA¥A & 714 =3 DOEE/} 7
Z dot ddiFez fadidd o fed BAH 240 ¥
AR AE2E AAZL P 4 W 9@ A& MCR gene
9 =7 N @A R £31 C WgAd] Hgte] o} F
MY 2E DO(1.5~2 mg/L)s} &4 =71 2 54 4
A9 & Ze A 4FEAV IS ¢ 5 AT

He Ashe] o 3t= MTOT geneS Methylobacter 59
e g d@gel e dg Ashikge] Fa3HA
Foste ALz g9iA AUk C WEAY F¢ MTOT gene
27 P e W, N " P ulgx SAR Zads
Ao 2 Yelyttl. MCR gene A9 vlms] 2@ N ¢ P
@A g F=7 A2 GAE 849 27 PA
ol N A A vlste] oF 2] ol ELE E4SAIMTOT
gene® F=7F o3]8 PR Aol o U LR Jggth
olg A% DOEEZI NAHo] PAZED 2 o {23 H
§@e] gk 27 =&FH 7] dEYE € 7 AW

#2494 "is= DSR gened] A9 C W@ AANA 713
F< S Ul v N g Ao b g2 e 29
o ole C WMigAY Fe 4 ZAAY F M 22 5=
9 ol I AEEHALH ol tiEo AF g2
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DOEEE Utehlo] &3¢ & AT AF =1 A
Faay) WEes #adA. ¥ W @A Fs 4
o]& =7} 7HF Ge 2421 mgLE YeRAl 2y DSR gene
BEE 47 PA F 2HAE 2 55 YT 9
E W ddA9 DO =7t tE F MY WEAY FeR
o AdAog sbg 1716 mgl) dEQ] Aoz FTs T
A#H o2 DSR gened| & FEA ¥ ol &
ERGE 82 A2 BEY ¢ J&ddE A& ¢ F A
At

YukAQ Az 7o e primerdd NSRE Z-¢ wW@ A
H BEE W gAY ¢ P, N 2 C @AY BN
1E+08 copies/nL)Ett & g dehidch CHig= ¢
A% 02 34 AYRY b9 52 GRYMY B& 5=
£ Yehig ey DOFEr} g Yol 238E A 4
z79 d4o) 83 AFTHA Xl NSRS F=7F WA
g9 FERTE 42 e UedS ¢ + A FAH P
M@ FeE GEUoMd A FEe W mlEAEY ¥
2 H 13549 mg/LE U oU NSRY =& 239
3 o 9A Jeigth ol P HgAY /7] gad 5% A
¥9 BOD ¥ COD %7t 747 4144 9 185.00 mg/L=
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