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Abstract

Water quality and the distribution of ammonia oxidizing bacteria were characterized in constructed wetland of Shihwa lake.
Both physico-chemical parameters and fecal indicator microorganisms including total coliforms, E.coli, Enterococcus spp.
were measured. In addition, denaturant gradient gel electrophoresis (DGGE) was carried out after PCR amplification of amoA

gene from input, output, and wetland sites of the Banwol,

Donghwa, and Samhwa stream in Shihwa lake area.

Physico-chemical parameterswere in proper range for typical nitrifying bacteriato grow and perform their biological activities.
Average concentrations of fecal indicator microorganisms of wetland samples were lower than those of input sites. These
results suggested that microbial water quality improved by the process of constructed wetland. According to phylogenetic
information obtained from DGGE from study sites, distribution of nitrifying bacteria from each of input, output, and wetland
were generally distinctive one another. In addition, distribution of nitrifying bacteria between Banwol and Donghwa streams
showed higher similarity (52.6%) than this of Samhwa stream (15.2%). These results indicated that characteristics of ammonia
oxidizing bacteriain Samhwa were unique in comparison with those of Banwol and Donghwa stream.
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amoA, Constructed wetland, Denaturing gradient gel electrophoresis (DGGE), Nitrifying bacteria, Nitrosomonas
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21. AFHY XY EM & 2HA At

Table 191= Algtsz2 §Y9=HE 374 3
o 9tk AT wdAde] g gska, we
Aslde EX9 Aul o]ido] okoln, AL F
Aol o] & A THI=FALFA, 2002). Table 2= A8}
2 FYHe I Y FAE S AFHTF 2 o9
stgol Uehd itk FdeEe BE ded, FolbA,
AeAol A 4z 50,775 L/Y, 323,446 L/Y, 16,703 L/ o)
I, AAH S 247 4496 L/, 891 L/, 30 L/IQE =
A QT S EFE Bk o9 o] 2y, Y
H4 2 BEeeFS B A% o] Atk RS
& = 9tk #7159 F(BOD) ¥HEA, B3k, AaHe
g Rslgko] zhzk 2282 kg/d, 4,991 kg/¥, 338 kg/¥ o]
o, CODY HFsl#Fe 7t 2525 kg/Q, 5567 kg/d, 481
kg/d 2 ZAH AT FEL(T-N)S F53F2 47 663 kgl
o, 1418 kg/Q, 205 kg/golx, EQA(T-P)e HatFe Z
7+ 185 kg/¥, 666 kg/¥, 46 kg/¥dE ZA}E o], T3
g gFo] M AtdE AE & F Utk AL HE
T 3R HlE JuFoz Fids 9 Qs DAF
o] 7] wjiolet AT 4 gk

22. A2 M XY ME H AE

AEts ZdisAe s skdel wet A 349 &
2 UHoAed, ol FAFA(HEA 27 ha), whdA
2(42 ha), AstAFA(7 ha)olth ¥, sk FA=
A 24AHY AY S AgA e AFAR FEH L,
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Fig. 1. Sampling sites in Shiwha constructed wetland.
B_i : input sites of Banwol stream; B_p: wetland sites of Banwol stream;
B_o: output sites of Banwol Stream; D_i: input sites of Donghwa stream,
D_p: wetland stes of Donghwa stream; D_o: output Sites of Donghwa stream;
S i: input sites of Samhwa stream; S p : wetland sites of Samhwa stream
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Table 1. Summary of land use in watersheds of 3 streams (Korea water resources corporation, 2002)

Streams Stream length Drainage2 area Population Current status in land use (Km’)

(Km) (Km®) (Persons, 1997) Paddy field Dry field Forest efc.
Banwol 105 40.9 21,337 6.79 7.07 21.53 5.15
Donghwa 12.2 43.0 20,591 7.08 10.07 14.84 5.31
Samhwa 3.75 16.9 2,587 2.36 5.12 12.61 1.72

Table 2. Levels of water pollution originated from livestock and industry wastes (Korea water resources corporation, 2002)

Streams Livestock waste Industry waste BOD COoD T-N T-P
(L/day) (L/day) (Kg/day) (Kg/day) (Kg/day) (Kg/day)
Banwol 50,775 4,496 2,282 2,525 663 185
Donghwa 323,446 891 4,991 5,567 1,418 666
Samhwa 16,703 30 338 481 205 46
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2.3. 0|3}5t8 =M

Al AF Al A SFd FAVEEETS SZ77=
o237 2t} pH, conductivity, =2 pH/ISE/Conductivity
meter 415CP (ISTEK, Korea), =& 2100P Turbidimeter
(HACH, USA)E AM&3stith £ Aol 249 BZE 94
Ae] AZL 045 ym MCE membrane filter(Advantec MFS
Inc., USA)E ol&3td 44 E2& AAT & £A43t
Atk dEYold AA(NHL), 248 A4 (NOs)E DX-120
ol FI=ZwtEIF(lon Chromatography, Dionex Co.,
USA)E AFE3tY B35kt NHs'l gol2(cation)] =
Holl= lonpac CS-12A(4x25 mm) ZHES AL,
NO;, NO; 59 &ol&(aion)d &4 A& lonpac AS-14
(4x25 mm) ZHAES AESIATH AMES euents FFol
(cation)d] =4 Al 20 mM< methane sulfonic acid
(Sigma Aldrich, USA)E AM83t9laL, Sol2(anion)e] 2%
35 mM9 NaCOs¢t 1 mM<9 NaHCOs(Sigma Aldrich,
USA)E EFste] ARgstdTh #1452 dol29 Z9 10
mL/min, &°]2¢ 2% 12 mL/min&=Z EA st

241, 2H=2Y XEMTZe 24
2 ATA AAR EHeY AT TES TUEA
T(tota coliform), EFE. coli), FRHAN ST (Ente-
rococci spp.)°l At FEE=S Colilert®3 Enterolert®
(IDEXX, USA) kitE 3to] A ZALS A Ao wEl A
AALE AAltAt SRS JweR G o]
EVYE He = F23% A8 SAE dygoltiE
A%, 2002). 87 = AT & 100 mLrt 27 AAL
& Za2g g7)d P AlKColilert® T Enterolert®Al
P& deth A%l BF 55 74 HolE T g 2
Z(Colilert® : 35+ 0.5°C, Enterolert®: 41+ 05°C)ell A 24A]
b ESE W gFRiTh o] % A w3t YEE comparatore} Ml
€ @3t compraratorE ok XstH &,

A o SR RAEST FTUEAT Y BF

o]
o]

|

& FHoz FFIT. Enterolet® ALL A1LF A=
Fg9 A UvgelA B FFE Jehdoh FFEA
' AR 22 92 AAE Z82g 87 oA
Quanti-Tray®/20005 A+&3t}. oo FESE 104, 1004,
10008] 343 F o] E(tray)el NS Y scderE B3
T APAASY 2 2Aoz wg HLS AEF T
IDEXXeA AlgFst= HZ <A1 (Most Probable Number,

TAEN shREEsts|X| M26A F1s, 2010

MPN) £& 7|£2=2 235 #5538 1 Z3= MPN/
100 mL9] @92 YerTh

242 2ZL|0} AMtslHel 23 2E M
2421, EETO| = S|

=
gEUo} AstEe] BAL AH AES, A P

F ER AFARE e 4Fe JISAT 4 A
EF 1LE FAIHHE 47 mm, 7 =7] 045 m, YE

st FFsAth A7 F oFgs dd4E AT &Y
(phosphate buffered saling) 30 mL7t &7 H]AZ o] FAIX]

& AA A7) (magnetic stirren) 0] §3k¢] 30% &<+ Wt

-3
FF g8 AFE ETFF AASEFEAS 10000 g, 5
£ 24A gAEE F FHAES 1 mLy HHE 3%
ZHFFE AFEFA712L DNA 5 Fu1E 9 2o A
E25mLY EF AYAAFE FolFE F IAANLE o
8319 B35l EHES Bl 223 E2FF 54 @
HoZ DNA &390t

2422 t4Z0|M9| & DNA =&
55 AZAY & DNAE HZ9 544 F24te)
EFHol A& Aoz FHH wiwdel 275k

ol

WA a=a vEY £93 A&SE DNAS
FE3td FHELAHTEAA HBPEY +&=E Eole
59 &80 Hod RALzZ ojn] BT HFT FIE=
pH 8.0¢] TrisEDTA Wl 40 Ly, A +F A7A
-20°Col| A} B#3HgTh

2.4.2.3. DGGE semi nested-PCRS 0|28t amoA {EIXIL| Z=

Nested PCR W& AME3te] amoA FHAY S&S
PaHch ZolH A2 AmoA-1F(332-349), AmoA-2R-TC
(802-822) & ©|&(Table 3)3t] wHIEl-Z 2 ofut| 2] ol = F-
H amoA FHAE FF7] A8 $FELAATSE A
Aletath ¥g AL 10x PCR reaction buffer 2.5 pL,
dNTP mix (10 mM) 1 uL, forward, reverse primer (50 pmol/
uL) Z+ 0.25 pL, G-tag polymerase (Cosmo, Korea) 0.25 n
L, water 18.3 pL, sample 25 pLe XM S22 pre-denature
94°C 5% ®FEg o5 94°C 30%, 55°C 30%, 72°C 30x%
o] Al gAE 35 cycle ¥HEQF £, 72°C 5% final extension
gt PCR 4HE& 4°Cell E#3s3th PCR M2 1% agarose
g S o] &3t HVF9ES TIF F 491 bpe] WEE &
Q& Tk o] WMiEE AmoA-1F Zglolm 5 @oko] GCE
TAE 4078 w2 LEol=E FATOZH Tmgkol o
ESIH =S S 23 Ztoln FQl AmoA-1F-GC, AmoA-
2R-TCE Al&(Table 3)3td 1z PCRI 54 o=
pre-denature 95°C 5& W& ths 94°C 30%, 60°C 30,
72°C 30%9 Ml ©AIE 25 cycle ¥HESH & 72°C 5% final
extensong +P3ke] 531 bp Z7]E DNA gd extraction
kit (Qiagen, USA)2.2 FA|ste] DGGE & Al AHE&HS
=3
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Table 3. Primers used for PCR-DGGE analysis in this study

Sequence

Reference

5'-Clamp--GGG GTT TCT ACT GGT GGT-3

AmoA-1F-GC Clamp: : 5-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG (Hornek et al., 2006)
GCA CGG GGG G-3
AmoA-1F 5-GGG GTT TCT ACT GGT GGT-3 (Nicolaisen and Ramsing, 2002)
AmoA-2R-TC 5'-CCC CTC TGC AAA GCC TTC TTC-3 (Nicolaisen and Ramsing, 2002)

2.4.2.4. DGGES| &A|

ZZH amoA9 PCR 4HEE DGGE D-code system
(BioRad, CA, USA)S ©|&3t9 DGGEE AAlstith &
ZlofaHolulo] = ge 2 89%(37:1 H|XofzHolulo] =9} 0.5
x TAE ¥W¥#9 &38), ¥AE 25~-50%Z D-code system
9] Zhol=glel weba Al zstgivh. "8 AlE ¥ oHurea)
9 EE LU =(formadehyde) S A&ttt Gde 60°C
zZ7 skl 20 VE 2083t prerunningskl A71E9ES 200 V
2 42087 FPsATh AV1gsol ¢ £ 05 ng/mLe
ethidium bromide’} £E 1x TAE W Ho| 2087 94
A&, ethidium bromideS X334 ZE 1x TAE WY

o 023 BAL AAFT

2.4.2.5. DGGE HHETHE =4

DGGES] W= Hd 24 % SA A2 = BioNumerics &
ZE o] WA 5.1(Applied Maths, Kortrijk, Belgium)(BVBA,
2000)& o]&ste] AArlatth. DGGE =9 oy £4
< Simpson’s index of diversity®} Shannon-Weiner index
of diversityg ol-&3tx, ME=9 e 42 dendrogram,
multi-dimensional scailing (MDS)& Z+Z o] -&3l%ith

2.4.2.6. DGGE HH=9| HAT|IMYE 24

DGGE dAHL2 7/AXT WEZE AHgste Zzhd o
Tris-EDTA buffer (pH 8.0) 100 pLoll &9 4°CollA 12X)%F
o4 E#stol DNAE &A1t th3d DNAE &6
TrisEDTA buffers AmoA-2R TC¢ AmoA-1F GC primer
£ AHEste] 23 PCRE 3¢t} 10 x PCR reaction buffer
25 pL, dNTP mix (10 mM) 1 uL, forward, reverse primer
(50 pmol/uL) Z+ 0.25 pL, G-tag polymerase (Cosmo, Korea)
0.25 pL, water 19.75 L, sample 1 pLo] 222 pre-denature
94°C 5% ®FE§¢ ths M°C 30%, 58°C 30%, 72°C 30x
o] Al ?AIE 20 cycle ¥HEF F 72°C 5% fina extension
St PCR 42HE& 4°Cell E#sI3ith PCR AHES 1% agarose
gl A71F&E +3F F, 531 bpd WEE o]
gel extraction kit (Qiagen, USA)E AM&ste] FA|stath 3
AR A= 71448 BAES 8] pGEM-T Easy Vector
(Promega, USA)$} &§3lo], T4 DNA ligaseS AM&sto] 1
Al B¢ A2A ligationstA o 8 A= DNAE
competent E.colioll heat shocke E3te] @R AFEA L,
LB platesll Al ampicillin® X-gal& &3 PCR 4H=o] 44
® Ecoli E2¢& sdection 3t¥t. A= ¥ colony= LB
broth 3 mLel 16 A3t sl Y3te] plasmid mini prep kit
(Cosmo, Korea)E AM&3te] FAtAth FAE plasmide
F71IME S F&l 93t tHCosmo, Korea).

3. 2t & 13

M
8 F&2 g 21-27°Ce W=,
d ER ZEAEEA) 24
tHTable 4). pHE B 7.32-8.369)
HAZ FEZ IR, A Y FHHANA M =%
I 9 FYolA 1 wstEoe] b Zith(Table 4). pH7H
UE =AY god AsAgs 8 Alde 858 A
sfst=wl, 53], pH7F 5.8 olstz Fashd Z4kst whEol
& ute Aoz dElA AoH(Princic et al., 1998). &3
717 B¢ pHE ZAASAIHFY ZAdst HF pH 239
7~8.5(Sharma and Ahlert, 1977)5 BojuxA] &= HAATh
ANAE=EE HF 465.78~759.33us8] HAE Jelhiow,
B fFERAAM 7P G wEA FY-AAM T
[e)

L

wgton] wede 9¥L wE BI-BIIME 1 Wk
Zo] 7}

Atk oA 9F S e DI-D3AM = UiA
S AVAEEE X3 Table 4). == J
7 212-20.94 NTUS WHYE Yelgorn gAdgez Z+
9 FYAAA 71 R AUFA(LEA) 2EAA
AA 7 UdtiTable 4). $EYoly AA(NH )= HHE
94.16~ 180.01 ppm(mg/L)el HHE Yerldch wdAd &
PR FEHAAM FUGen ZUEAE FFHR Hele
oFZt AT wHEAT B3 AAAMY gRYoly HAAi
o] WgFE FYAAA ZUFAE BFT F T
FEHAA A F7reldth 2y, AstEdME YA
AA ZUigsAE BFS F 23H F/tstA(Table 2).
A2 A2(NOs)E H# 0.36~15.28 ppm(mg/L)e] B =
WA ZoEA AR B FYFAA A=A
Ve, B3k ZuigA 24AFAH sk Z2oEA =
BRARANA 71 GA debsth 5sAT st 4
g A HstFe fYUACdA ZuExE TR T
tRou, AN E FAHAAM ZE
o7 Z7}sl% tH(Table 4). ©]
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Table 4. Environmental factors in constructed wetland of Lake Shiwha in this study

) pH Cond. (us)* Cond. (1) Temp. NH," NO;

Sites b b b o b b
mean SE. mean SE. mean SE. (°C) mean SE. mean SE.

Banwoul
Input (B1) 8.36 0.37 759.33 20.17 20.94 2.71 25.00 178.62 4.20 14,57 0.12
Fi?:jw(;uzl) 7.49 0.03 586.22 8.03 3.03 0.48 21.00 128.72 1.86 143 0.26
oﬁ;::’:?;;) 7.54 0.03 734.78 11.10 19.41 3.65 24.00 180.01 2.89 0.97 0.09
|[;SS?P|;VS 7.80 004 50533 1162 2087 199 2500 9691 122 1528 026
FEL %’;g(hévs 7.36 003 49045 1434 212 033 2400 9416 109 9.18 0.04
oi?;lih(g) 7.34 004 46578 1187 302 071 2300 8870 355 201 0.09

Sanhwa
Input (S1) 8.26 0.12 528.33 6.02 15.12 0.72 27.00 103.97 147 2.75 0.25
P?)ir(]jh(vg) 7.32 0.05 583.22 13.86 .77 171 23.00 129.53 1.00 0.36 0.02

“Cond. : Conductivity °SE. : Standard Error
32 OJME =M 2
321. R, 2 =M XY W fRETY EH22Y XE

MEZ 2T 55 1 T o
FHoY AZAA £X 3% AF A, FEFAT H& o s ] 1
E

FMPN)E Aktstrlo] Age 327t HES Z2FE ¢ 8

o, 100, 100w, 1000u) &M 3te] Wit &, MPNS =3 zZ 1

s7lo] e 527t He SMuY ZEFE AE s =

o 44

IDEXXA Algste HAJTAAH(MPN) £S 7]E22

2745 iﬂr%‘é}‘x‘q N3 AANFTHS AR F 2 4

49, TogdL2 1008 SAgE MES AEst & 54 I|I iI]I

S 3 ko] ?l—&g st At 3 B o- _ .

B_i B_p B_o D_i Dp D_o S_i S p

EHLE AFAAR] FNEAE, AT T, 7Y B

¥ 559 2AF F o AAES AdF FuH} FEUAE T

Table 59 2t} td#, AGTEH FNZEEY whe = Toeoltome

log W&3t] Fig. 201 YeERIAT RE AAA BES Fig. 2. Levels of fecal contamination in wetlands.

ol 100 mLE AAFA] Eﬂ’“ﬁ ANATHF EURFTl B_i : input sites of Banwol stream; B_p: wetland sites of Banwol stream;
- = ralalo] il 001 B_o: output sites of Banwol Stream; D _i: input Sites of Donghwa stream,
AEHAT eshdt HEA, AsAe AdEA fFUT D_p: wetland sites of Donghwa stream; D_o: output sites of Donghwa stream;

FAW, FETE vl §E—% o, BHeY ANEAFER X S i: input sites of Samhwa stream; S p : wetland sites of Samhwa stream

Table 5. Levels of microbia contamination in constructed wetland of Lake Shiwha in this study

Enterococcus sp. E.coli Total coliforms
MPN / 100 mL 2
mean s.d. mean s.d. mean s.d.
B_i° 57.9 16.8 73.3 4.2 40,290.0 8,216.6
B_p 18.1 8.6 17.9 4.8 36,805.0 6,017.5
B_o 21.0 74 334 77 138,945.0 48,571.2
D_i 67.9 224 49.3 20.9 142,615.0 79,217.2
D_p 20.1 22 12.0 35 52,405.0 12,593.6
D_o 28.6 14.2 339 42 63,055.0 2,467.8
Si 18.7 0.8 29.3 17 87,520.0 14,8775
Sp 13.0 9.5 6.3 0.0 44,275.0 34,499.7

*Mean: average value for 3 days (except outliers), s.d.. standard deviation

®B_i: input sites of Banwol stream, B_p: wetland sites of Banwol stream, B_o: output sites of Banwol Stream, D_i: input sites of Donghwa stream, D_p: wetland sites
of Donghwa stream, D_o: output sites of Donghwa stream, S_i: input sites of Samhwa stream, S_p: wetland sites of Samhwa stream

S
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T ol 2xed uFdEd AASTF4Y F¢ wreA
(63 MPN/100 mL, 44 MPN/100 mL), E3}3(85 MPN/100 mL,
50 MPN/100 mL)9] FselA #A Jetgth o] §4
7t Ao MEEZHEA, AAGTHE wHEHAA 36%, &3
AA 46%, NFdS WHLAANA 78%, FSFHNA 85%
ZFaEAT FogTTY A WEAL FUF, FA9A
A Wat QAo (17% Z7h) SEHAS 62% Pk
ok AEHE ATy A FYFET A 8% 7
2 GA Y ANGTHFS 23H FUEAT Y9 &
Aol HEAAN FYFEGE FAGM BHE AEA
79 F=7F AubEog ZHad AL oW gzl AXNH
(744 &, 2000, et AeAH, 1999) A Fs 7]
Soll 93 ZolAY, A9 2l E7] 5ol AFEe] #
A% A4d Aeg FPHrHArias et a., 2003; Ottova et
d., 1997). A¥HA FAFHe tE Z2FHE B BHed
ABAFE FRFED FAWANN EE 527 39 A
s AHFTH(B83% F7h), THZFZL(74% S7HolNU
o, ol Astd9 AS tE FA%e tE2EA Dol

oy to

o @ X fr X rf 52

3.22. AZL|0t AtSlE ZE 2N

3.2.2.1. amoA geneo] CHSI DGGE BH=TIHES 244

@Rl A9 amoA FFAY PCR % 4HEC o
3l DGGE profile2 Fig. 3914 BE uiel 2o Ge Aol
Al OgE A9 WHESS 91T F Utk Fg. 39
DGGE profileg vlgeg A8 AH F4E dxyol 2k
St EX AolE Btk FEsHA geotatr] sk, =
ZAE9 & Husty 2349822 Jehd Dendrogram
(Fig. 493 3x}4&8 o2 Multi-Dimensional Scailing (MDS)
(Fig. )22 B4 & I35ttt Fig. 4= W L 7]
22 & vAE FHTERY FAEE ZAEL UPGMA
dendrograms A9gsta ot 24 W= ™ A=
100& 71Ee2 7 7MAuith ®715o] Qok(Ferrari and
Hollibaugh, 1999; Lee et a., 2009). Fig. 49] A3} 3¥3t9
v 54, 2949 A K45 AEWH AR)E A
g OE AR AF FLdA AFF AREQEEN AR)
Az AF ] B2 fAEd & Aozt Ytk 3
) ARYEE AR AF Faot OE AEYdE 59
5 Yeuth o 2= dRYot sS4 s X
Fote Aol A7 S5 =l 59 YA F(Belser,
1979)2.2, 34 B dEYoL Agwe] JFo= Q% &
Wl glSl7]l dEe® Atrdt §A4, §YF FEF
s WA, A W 25 A7 £XE, Fg 49 AL A
g9 s 49 B °0E ARAATLES 15.2%9
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Fig. 3. The results from DGGE andysis in this study.
(@) Dayl sample, (b) Day2 sample, (c) Day3 sample. 1;1-1, 2;1-2, 3;1-3, 4;1-4,
515, 6;2-1, 7;2-2, 8;2-3, 9;2-4, 10;2-5, 11;3-1, 12,3-2, 13;3-3, 14;3-4, 15,;3-5
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Fig. 4. Dendrogram of DGGE band pattern of ammonia
oxidizing bacteria at each sampling sites. Similarity
percentages between sampling sites are represented
above. Similarity of banding patterns was estimated
by a percentage of the Dice coefficient and UPGMA.

1. Dayl sample, 2: Day2 sample, 3: Day3 sample, B_i: input sites of Banwol

stream, B_p: Wetland sites of Banwol stream, B_o: Output sites of Banwol

Stream, D_i: input sites of Donghwa stream, D_p: Wetland sites of Donghwa

stream, D_o: Output sites of Donghwa Stream, S i: input Sites of Samhwa

stream, S p: Wetland sites of Samhwa stream, Reed: Nitrifying bacteria of
reed root

Fig. 5. A three-dimensiona representation of a dendrogram
resulting from cluster analysis based on DGGE banding
patterns of nitrifying bacteria at each sampling sites.

1. Dayl sample, 2: Day2 sample, 3: Day3 sample, B_i: input Sites of Banwol

stream, B_p: Wetland stes of Banwol stream, B_o: Output sites of Banwol

Stream, D_i: input sites of Donghwa stream, D_p: Wetland sites of Donghwa

stream, D_o: Output sites of Donghwa Stream, S i: input Sites of Samhwa

stream, S p: Wetland sites of Samhwa stream
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EolHog g fAIEE HYon, 1 o9 F AlEA
AZAA BHdA, FFHS AR 526%Y =2 FAEE
BHAth ol& Ed A&EHoR fFo] fFAHE wdH, &
S o2 skl HlE] fFo] H 4] Exsie
dBYol Asiyto] ES ¢ F Atk ZU FF 4=y
of Ak, FUF, FETE UE A= dUHs BA 2
0, #9F, &7 AU dAFd g 25 & o)F =
Ag A & AUk 4 A& Wi dRYol st £
29 A X E 3392 Yehd Fig 504% 2
3 AFEY ABEEN 5 2670)0] Fig. 49 vl5=d F9
& o)FE AL T F UATh

AFEAN RESFA Je dRYoL sk g 7

oS 98] AA1"® Simpson's index of diversity, Shannon-
Weiner index of diversity 3t Z+2h 76.55%, 1.3622°] 21t}
Simpson’s index of diversity(Simpson, 1949)¢} Shannon-
Weiner index of diversity(Shannon and Weaver, 1949)+=
AETFdE BFS7] A AFolth. Shannon-Weiner
index of diversitys & MAFTS & S50 diet JRE
utgoz 39 HHE FHS+= wE, Simpson's index
of diversity’} ZAMX|FAA &dste 4 TEC HEHY
UEA B JEAE B7hshe 9% E(dominance index)

-

and Francis, 2008).

3.2.2.2. DGGE HHE=EQ| I MY B4

Fig. 3¢9] DGGE profile2 X2 & o]g=E 7HA= W
EE veidied o 97]149S NCBIY HolHE Hg e
2 vae 2# amoA FFASE 87-99%9] HEHS BA
tHTable 6). AP S &3 ¥ W=ES ¥7] AE3 NCBI
dole w#lo]29 amoA FHAY] HHHL FAEE v
o7 ANF AESFTE Fig. 69 YERATH HlZZoR AL
&9 MAY A7IMEe dEYol 4tshe#l Nitrosococcus
sp. C-113 strain®] amoA FHAATE WMEESAA A2 F
ZA+= NitrosomonasE @3 dEUol Jtaldd 454
e FLS A THTable 6, Fig. 6).

Fig. 63 Table 6914 3(1-3), 9(2-4), 10(2-5)< Qin &
(2008)°ll <fsi R FEuUol A4Sk amoA A
DGGE gel =2 971443 Hl%3tAth Qin 5(2008)°]
s Bud o] Yol At F7¢ uoledF W
SxA AER Foldth

Fig. 39 W= 2(1-2), 7(2-2), 12(3-2= A3 #<,
FE&Fol vls s &4, ¥vdA FA, FEFAAM 2
A YERATE DGGE gelde 2479 wMEx AATS
gujsta o] M= Zre 54 ALY dUEy IH=
= YehdtiMuyzer et a., 1993). I EZE 2, 7, 12 A=
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Table 6. Identification of the bands obtained from DGGE profile of ammonia oxidizing bacteria

E;;Zid Accession no. Phylogenetic affiliation idsei(zil:;r(tzb
1 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 481/486(98)°
2 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 467/486(96)
3 EU153139 Uncultured ammonia—oxidizing bacterium isolate DGGE gel band R2 ammonia monooxygenase 425/454(93)

(amoA) gene, partial cds
4 AY 702603 Ungultured ammonia-oxidizing bacterium clone P22-3 ammonia monooxygenase (amoA) gene, 4741487(97)
partial cds
5 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 477/486(98)
6 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 482/486(99)
7 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 479/486(98)
8 GQ247377  Uncultured Nitrosomonas sp. clone Ab5 amoA gene, partial cds 422/482(87)
9 EU153139 Uncultured ammopia—oxidizing bacterium isolate DGGE gel band R2 ammonia monooxygenase 443/453(97)
(amoA) gene, partial cds
10 EU153139 Uncultured ammonia—oxidizing bacterium isolate DGGE gel band R2 ammonia monooxygenase 435/454(95)
(amoA) gene, partial cds
11 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 480/486(98)
12 AF327919  Nitrosomonas sp. JL21 ammonia monooxygenase subunit A (amoA) gene, complete cds 432/490(88)
13 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 482/486(99)
14 AF327919  Nitrosomonas sp. JL21 ammonia monooxygenase subunit A (amoA) gene, complete cds 431/490(87)
15 GQ247375  Uncultured Nitrosomonas sp. clone Ab2 amoA-like gene, partial sequence 451/489(92)

*Bands were extracted from the DGGE gel shown in Fig. 3
"Sequence identity based on maximum identity
“The part of the total sequence used in alignment.
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Fig. 6. Phylogenetic tree of ammonia oxidizing bacteria in
constructed wetland of Lake Shiwha

1,11, 2,1-2, 31-3, 41-4, 51-5, 6;2-1, 7;2-2, 8;2-3, 9,24, 10;2-5, 11;3-1,

12,32, 13;3-3, 14;3-4, 15;3-5, AF153344 is Nitrosococcus sp. C-113 strain

C-113 ammonia monooxygenase subunit A (amoA) gene
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