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Ammonia-Oxidizing Bacteria Community Composition at the Root Zones of Aquatic

Plants after Ecological Restoration
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Abstract: To investigate the effects of aquatic plants on ammonia-oxidizing bacteria (AOB) at their root zones, four species of aquatic plants
were selecteds Phragmites communis> Typha angustifolia L., Potamogeton crispus L. and Limnanthemun nymphoides,> which were widely
used in ecological restorations. AOB in the samples were enumerated by most-probable-number ( MPN) method. Nested polymerase chain
reaction-denaturing gradient gel electrophoresis (PCR-DGGE) procedures were performed with ammonia oxidizer-selective primers. Main DGGE
bands were excised from the gel and sequenced for phylogenetic affiliation. Results indicate that AOB densities are always higher at the root
zones of emergent plants ( Phragmites communis 2.8 x 10° cells/g and Typha angustifolia L.4.3 x 10° cells/g) than those of submerged and
floating-leaved plant ( Potamogeton crispus L. 9.3 x 10" cells/g and Limnanthemun nymphoides 7.7 x 10" cells/g). At the root zones, the
oxidation-reduction potential is above zero and NH, concentration is lower than it in the bare surface sediment. Fourteen major bands were
recovered from the DGGE gel, re-amplified and sequenced. Although the identified bands have their respective similar sequences in GenBank,
most of them are related to Nitrosomonas-like. This type of bacteria would play an important role of nitrogen cycle in lake sediment after
ecological restoration.
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Fig.1 Demonstration engineering of the enclosure and

location of the sampling sites
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Fig.2  Schematic representation of primer positions and

nested PCR procedure for AOB specific amplification
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Table 1 Primer pairs for nested PCR of ammonia-oxidizing bacteria

519 44 7R izl 5 S Sk
F27-5' GTTTGATCCTGGCTCAG .
F27/R1492 R1492-5'TACGGYTACCTTGTTACGACTT A C11]
: . CTO189F-5' GGAGRAAAGYAGGGGATCG
CTOT8IF/CTO64R CT0654R-5' CTAGCYTTGTAGTTTCAAACGC AOB [12]
F341-5' CCTACGGGAGGCAGCAG "
F341/RS18 R518-5' ATTACCGCGGCTGCTGG Al [14]
#z2 ERX PCRIERKMAE MM ZMY
Table 2 Nested PCR conditions for amplifying ammonia-oxidizing bacteria
/B AL/ °C B KR SEAIEE/C TEIREL SCiik
F27/R1492 94CHF1A] 60 ) 50CHT 8] 30 8D 72CHFA] 120 $) 30 C11]
CTO189F/CTO654R 94( I ] 30 ) 55CHT ] 30 8D 72( I ] 60 ) 30 [12]
F341/R518 94( I 1] 60 ) 55CH 1] 60 ) 72CH 1] 60 ) 30 [14]

PO 58+ Bt ], K& ph A 1 x TAE (20
mmol/L Tris, 10 mmol/L acetate; 0.5 mmol/L. EDTA,
pH 8.0). 60 °C fHJ 100 V, LYk 16 h. HLIK & W )5,
DGGE X F SYBR Green [ (1:10 0007 %, Molecular
Probe Inc.) 444 15 ~ 30 min, Omega 10™ 4> H 3/ £ 1)
REBEIRE 5 70 T R GE 4T R
1.5 DGGE 4% ¥ [al e o 3 41 s

X DGGE & Fr A JUa , H T4 1 T R /N 0ok
A BN, TN TR SE KR ) 1.5 mL eppendorf 5 7.
BRI 25 L 7K BEME DNA, 65°CHLA 30 min,
5000 r/min5 /0> 1 min. LA DNA & B8 R4, SR H
1P GC-341F/R518 FHi 34 . W48 1.5% Bl
PEIIE IS, TFX DGGE, i 5 RN A Be (¥ sk A7
FICHT S — B A —BE A M B E R
X R 2 ~ 3 WK, BB A AR A AE e R
ABI 3700 Wl > 300 52 DNA Jv Be B 4 i (46 F
LR EAR A D
1.6 RZBKRE I

PAFHIF A48 Ribosomal Database Project 11
(RDP) ' ] CHECK _ CHIMERA % 1 # 35 ¢
GenBank 204 %2 ' Chitp: //www. ncbi. nlm. nih. gov/
BLAST/ OHEAT AR AL bG48, 3 B [R] 905 P %8 o 1 A o6
16S rDNA 741 .
1.7 Sikorth

K R A0 7 1550 W #E i DGGE 1 1% (¥ 4 AL
P . Sorensen” s RELMITEH 5K Sy = (20, )/(n,
+ng)s I, BORFERL A AT EL ny RORFE
B I EL nop IR ZSAE S A R B 2545 1) 4 77 £
RS VI 545 S0 1R AR AL PE 48 21, SR A AR AL 738

015 Cunweighted pair group method with arithmetic
mean, UPGMA)D X # i BEAT 2R 28, SR ) 1 O
MVSP version 3.0 (Kovach Computing Services, UKD,
SRR M S AR AT L 2

2 ER5SH

2.1 KAERYAERARD SR e s Fr Ehlk

AT 16 7K AR AR B AR P AR R A
THHH T 5 BAE & 25 Phragmites communis)
MW FH (Typha angustifolia) Y33 2 A HEKHE
Yy, M Lo AW L 2 A E 1000 g/m AN
800 g/m’ . L% ( Potamogeton crispus 1. )0 2 EUTK
F), Fodh B (AR BB AR, 4 450 o/m’ A2
#4732 Limnanthemum nymphoides ) 1353 (1) 4= 4)
100 g/m’ A7 (3 3) KAEFEPER ORP > 0, B
SR AFREL, [ PR I AR PR ORP 2 T
THHRIAT S T HA LRI R JZ (1 ~ Sem) I 5Y
A, RIZZ R (6 ~ 10 em) I PERE 55 R B K2
THEE LRI RIZN pH AHA > 7, HARJZ IRV
PS5 R SRR T N, -NFR SR T /K B AR
b, 11 $5AF il Z [7] NOy -N 9 5 22 5 AN Sk 4
2.2 JKAERPRER MPN VA VH B0z A A 1) 45

LR A FE i 2 S A G R B TS G 4R
MPN LI BUIFE S BB 50 1072 ~ 107° . /K ZE
MBS AOB % & i 1~ o K AL AL 0 35 2 R e
(3 3) HEZKHIY) 7 265 A2 5 AR B AOB 1) T2
S TUCKAE )T B MVF WAL A7 55 . 7 2 R0 2 il
MBI AOB I £ EE oK BRI K 36 2 e i 1 ~
2R
2.3 AT PCR-DGGE & DGGE 47l 7
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Table 3 Descriptive parameters of sampling sites and MPN amount of AOB in sediment samples

BEm AR TR KR KA IAE R S AR i A NHy -N NO; -N  AOB B -4 CFIRIE)
/g*m~? /mV /mg*kg ! /mgkg™! [cells*g™!

Phe AR HKK) 1000 118+ 10 7.46 2.68+0.13  3.78+0.30 2.8x10°

Ta 7 il AR B HEIK AW 800 150+ 13 7.31  2.77£0.19 4.26+0.24 4.3x10°

Poc T EARBR YUK 450 77+5 7.57 3.43£0.18 3.03+0.28 9.3x10*

Ln 41 AR B ) 100 686 7.73  4.11£0.22  2.95+0.11 7.7x10

BS-1 THEPR(1 ~ 5 cm) — 0 —45+8 7.90 5.67£0.31 2.57+0.26 2.1x10*

BS-2 TEHKYEC6 ~ 10 em) — 0 -133+10 7.95 8.04+0.38  3.03+0.19 3.5x 10

KH H L PCR 71591 AOB, PCR F= ¥4 4l
)5 DGGE &5 Rt &l 3 Jr s . ok Fodn A 55 & >
10% » HFL KA B A7 AE — 52 DX 1R 4%y 347 0 e (]
Wl 3> .6 NFE S ILEN 14 AN 4005 P IS, 78
GenBank 1 AL 7 51, 45 3 W3 4. 3R1F1K)7 )
55 GenBank P AN AHAL BEH 5 T~ 97 % . 14 A~
JEHIH, B} AE-13 5 AE-14 48, ¥ 5 Genbank 'O
(1) AOB J7 FIARARL; A 15 4% 1 47 ARABLSE o5 vy 1) 4 601
1= N 1 T P 190 B | AR TS R A 0
( Nitrosomonas ) . AE-13 5 H.1 M- B4 J& C Oxalobacter ) 1]
AY367029 AHLRERS ST, 1T AE-14 5 RIG TR g A&k
AF141482 #H L JE 15 2] 999 . It 4h, 5 AE-1.
AE-9/11 AE-10/12 AHALE 55 fe 1) 7 51035 Ry AR 3R A5 15
IR Nitrosomonas . O & AH [ 1) 4 17 AE-2 5 AE-8,
AE-9 5 AE-11 Sl 2541 850 4 A1 [\ s 1 A7 B A 7] 1 4%
i W AE-2 5 AE-S RSP B AL AE AE 25 S A
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3 DGGE %1 AOB #£3 PCR =4
Fig.3 DGGE analysis of nested PCR products of AOB

AE-10 5 AE-12 ¥ 5 8 p ZUAIALEE &1, 524 98%
AF 2 AN P 51 (4 B 4 1A A0 2 S A ()47 0 A H IR
1E AE-5 5 AE-7 2.
2.4 AEZK AR YRR B 2 AE A 9l o R Vs AL R
b

X DGGE 3% 1¥) 28 25 73 #t CUPGMAD 73 7 W71
(4, BHXERZKER (BS-1) FEZELLF (BS-2)
(AR Boe ey, 1 S 2R R — 38 LR, 47 SR L
ARABLRE 55 v, 1117 45 72 245 R0 AS I 3 (R AR AL B LIS A
[ il 32 22 1) AOB i 28 (4% A AH AT 25 & > 10%)
AAAE— 8 LR P 25 AR PR (Phe) 19 AE-2 [ 47
K (Poc ML BRI AE-8 [ FUAHALLE > 999 ; 7% I} 45 3l
(Ta) MR BRI AE-5 [RZE A CLaD R BRI AE-7 J 51 AR AR
% > 99% ; 457 AR PR I AE-9 [7] TG B BR 8 2 )ik Jé ( BS-
1) AE-10 JPHIAHALEE > 999% ; Jo by 42 )2 )i Je ( BS-
1D AE-11 [FZRE LR (BS-2) 11 AE-12 J7 FIAHBUE >
99% . [FIF s AN A FE i 22 18] AOB FEL UK 8% X AR A7 7 22
Ft, W AE-3+AE-4 Il AE-6 {7 & 8% O AH 3k, {5 3L 7 41
AEALREAN 5

UPGMA
Ln
—— BS-2
I BS-1
Poc
Ta
Phc
L I I I I I I
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El4 UPGMA ##7 AOB 8% H M R HABIUE
Fig.4 UPGMA description clustering of DGGE banding
profiles in each lane
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Table 4  Closest matches between 16S rRNA gene sequences of bands excised from sample-derived denaturing gradient gel

electrophoresis (DGGE) profiles and sequences from the GenBank databases obtained

AR ABREE £/ 7 51

ELE LI RN GenBank i AHIE 751 (NCBI K2 % '5) LK
Uncultured ammonia-oxidizing bacterium clone CL1-1/E 168 ribosomal RNA gene; partial sequence
AE-1 174/177 (98% ) (DQOSET0) ¢ gener p E [16]
AE-2/8 175/177 (98 % ) Nitrosomonas cryotolerans 16S ribosomal RNA gene, partial sequence ( AF272423) L17]
AE-3 177/177 (100% ) Nitrosomonas sp. 1s79A3 16S rRNA gene, isolate Is79A3 (DQ068705) L16]
AE-4 173/177 (97%) Nitrosomonas sp. Nm51 partial 16S TRNA genes isolate Nm51 (AJ298737) [18]
AE-5/7 174/177 (98% ) Nitrosomonas sp. R7¢140 16S ribosomal RNA genes partial sequence ( AF386753) L19]
AE-6 177/177 €100% ) Nitrosomonas sp. Nm51 partial 16S rRNA genes isolate Nm51 ( AJ298737) L18]

Uncultured ammonia-oxidizing bacterium clone LD1-B6 16S ribosomal RNA gene, partial sequence

AE-9/11 177/177 (100% ) CAY114347) [20]
AE-10/12  175/177 (98% ) Uncultured Nitrosomonas sp. isolate DGGE band L1 16S ribosomal RNA (DQ887679) [21]
AE-13 174/177 (97 %) Oxalobacter sp. Es2-1 16S ribosomal RNA gene, partial sequence ( AY367029) [22]
AE-14 176/177 (99% ) Uncultured beta Proteobacterium clone CRE-FL68 16S ribosomal RNA gene, partial sequence ( AF141482) [23]

1= F T REVE AL B0 BT LSO B 52 | i
T AOB TERESEIRBE 25 A N AN A 38, 25 3@ 1) PCR 1]
REAS I AN 21, PR b AR B 50 51 N B2 PCR 7 .
Mahmood 253 3 5t % AS /] 5| 9 41 & $2 X9 19 AOB
g B0 R, K B 27F/1492R-CTO189F/CTO654R-
GC341F/518R 1A 53431 AOB J¥A1 2, H )5
5211 DGGE 43 #% R ¢ v . i oAl 4 5 o A 4T X
B2 N4 ( B-ammonium monooxygenases SAMO)
FERI 5190, v RESSAEY 15 AOB (1 [F] I 3R 45 76 1158
FECE A Z I Z R R (Variovorax ) 40 B 1741,
190 0 e AN AN AR AR AT, RO AT
Mahmood 25 S HEFE K 51 W0 41 45 38453 19 5 vh, 4753k
T A8 T AOB 17 41, Bk SR A CTO189F/
CTO654R 511X 73 A5 % it 1 (1) AOB AT A7AE JRi PR
3.2 FRAAEPO AR o 40 B RV AL R 52 )

WIHTPTIR, 7Ede b Sl A S R g i A S
X N JCE I B L BRAE AR/, AR S 3 R G
H AN T IR — 43, S ATT AT LA A £ A g AR 5 e
N WAV Dy e A D TCE DI A K B AT 4%
PR FR 00, KR (1) 53 WA 400 A A 0 1 A K e AR e
L2250 @RS K 3 WAL P4 T U T RGTR 2, A
11 5 WA AR R A R B 7 B s @ M
i A P Bk AN ) () AR AL RS ED B
Te, 2 ARARE, 8 30t UG PR L R 1 58 1 Bk A, A
Y05 A 55 4 R ), B Rk B — e I A &
BRIOAE R R LL AN

AWFFRAF AOB J7 5134 J& T 2 S8 Ak 4h i1 1)
MEAHEAY R TR C Nitrosomonas ) » X 5 FeAAE 5T 11 45
KA MILFTE . Speksnijder 2B 1 9 R IR
TER K 7K S8R e o W AOB K EE R

Nitrosomonas-like . 735, Freitag aibiod PR T IR
I 1V EITT R R AOB Rl B AR, K DA AE
NP AL 5 M B & C Nitrosomonas ) 7] MV 44 B2 B )&
( Nitrosopire YEALIEF: . 0] WASF (1) AOB 2 it i
B ESAAFAE] W2 R

MPN TH 8 45 3 2o, KB R AR B AOB 1%L
RS X T IR 5 R A A AR B 1) 2 A
2 R S T RN S AR R R R 3RO OE
FEPEANTR, DRI AR B A 358 BT 7 A2 1) 5 Wi A A 22 5
Seidel 25 TR L L —Fh R (K KAL),
HARIEFHR R, P23 AN BA T il <4140, i
FRAEACHE KR AR Al AR B, Iy W 48 mT A
HEZEAHORZE 8 A H N ENIAMR S, I AR E 7
ok, TN < 1 mm AW HISEE RS
FRVBAAR T, 5 7 25 MR B T SRS IR (R 2R 2 2 A L 3K Aol
HRERAT LA TR K 1) 5 S A e v, LA AED)
TP R R, TR HL I )t

4 it

(D KRR IR AOB AT — & &
A

(2) TR BRI AT B AT T ik 2 S AR
R A, Ik NH, AL

(3) 4 FlkE ) AR B SV AiF§ 44 5 B 1T C Nigrosomonas )
e S AR AN R 2 G FAA TR] IR AN ) AR A AR B
AOB LB RAFAE 2 ST .

(4) FKAAEPIARERXT AOB [ 5 B KPR i 458
BUHL R AEE SR R B IR SRR H AT F LA
S k-
1] &%, Biadk, i, 5. R RS R Ak RS2 75 4
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