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Effect of Eichhornia crassipes on Ammoxidation and Denltrlfieatlon
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Microorganisms in Eutrophic Freshwaters “ =/
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(State Key Laboratory of Pollution Control and Resource Reuse, School of the Envi“ronment Nanjing University, Nanpng 210023
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Abstract: The water, hyaginth, Eichhornia|crassipes ,|is w1dely used for the ecologlcdl res’tordtlon of eutrophic freshwater bodies, but

_,'

little i8 known about its microbial interactions fand nitrogen’ removal potential. In this/ study,- we comparéd the relative importancg of E. -
crassipes and ba(‘terla linAitrogen removal. |Wé also efkf mrfled the plant’s ability to mr)dulate the #bunglance and diversity-.of mtrlfymg o
and denitrifying detérla Nitrogen removal and the génetie potentldl for IlltI’lflLdthIl angl denitrification determined uslng quarttitative
polymerase chaifi reactlons (qPCRs) of the nltrlflcatlon ene amoA and the denltrlflca on genes nirS/K; were evaluated in mlcrocq,sms
containing water from a eutrophic lake with or W1th0ut I grassipes. The results showed that total nitrogen (TN) losses on day 70 of the
expel}ment 'were similar in all treatments but the uptd[(e by E. crassipes resulted in the I'd.pld (within 24 k) removal of TN and NH," -N.
In ‘microcosms [containing' K. crassipes, the abundancefof amoA inereased whereas the abundances of nirS/K decreased. The T-RFLP
(terninal festriction fragment length polymorphism) profiles—showed that Nitrosomonas dominated the ammonia-oxidizing prokaryotes
based on/the DNA and RNA levels of the targeted genes. The E. crassipes cultivation can be used to achieve fast and efficient
reductions in NH," -N concentrations in eutrophic water bodies. While this aquatic macrophyte may not be essential to N removal,
considering the potential toxicity of NH, -N, both aquaphytes and microbes should be fully exploited in the restoration of freshwater
ecosystems.

Key words: Eichhornia crassipes ; nitrogen; amoA; nirK/S; T-RFLP
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Xof K TG 7 T R, S O KR o 2R B R
PETT XA = A o R PR IR A
TEVRLEF N H SR R BNR A8 R AR g 0 3
RS AR S A AR A FE % B 2 R 2R PR S A R R Y
SR e o BT e RN S A M A
WA AL RIS B Ak 7 FH AP A B 2 A ) RUHR S
X R 22 BRI A KA A R T I e 0 K
B ARG RUHR ST £ 4 P A B Al Ak 20 T 2 4
e E AP IR £ QU NP
SE R EE R SN (qPCRs ) FIAR BeBR 1 H
BB 2R (T-RFLPs) 9 H FPAliK AE A S R S
HRAS L Al B [ A AL B (AOA ) -amoA | B A4k
Y (AOB) -amoA ™. {HET DNA Ay REJE [H 43
MrdE AN BEAC I TR RN PG MY R, ASHiF
G20 T VA RUIRFEAR R B4R 2 2 S AL A s A Ak
AR, HBOK AR AR DX R OTE
FBRAE ST, RS HE AT RUIR S A7 7E AL o 57
KRR, %58 O R ZIEA 0 HUE Y 7R 4L
@#:F DNA FlIl RNA (AN # BEE 45725k, @25
ﬂ%%f’[ﬁm*ﬁfﬁ.$}#ﬁr{£(amoA nirS/K) .

1 #BSHES “

112 Mx%m% "f o
TR 3 4 ﬂbk#ﬂbk H iuﬁﬂ ( N/ 30055 '40" ~

31°32587, B119952/32" ~ 120°36/10%) | S5 2 i, .

XTWEEJET*BA%:E&%P?% 74d Fﬁﬁzaﬁkﬁ}k
?7J<Fij\9%EZI—< — BT XU AT AR *E*ﬂé%iﬁ
1‘5|§|—J(2?8.7 +2) cm, SFERRE R (30.2 £3) em,
BIREN 80 ~90 g BT 44 360 L LR EIZKAY
SEHEE (K06 mx$E0.6 mx 1.2 m). XE
3l AbH . (DR EAFAE ) K AR AL BE T1 . i b B rp
JRUHR 3 36 B A 95% , B RUHIR S5 76 A A rp R T AR
5 QKIS EE T2 .4 95% WK I BT Ak
B BTDURUIR S i X K AL 1R, [RIET, 7E
55T AR B R A ] 0867 B B K 24 30 em 45T
L ST AR SEUR R RO ORE, AR PLRUIRER R ; O
RIECALH T3 A5 5 T A T2 M6 A 07 B i B S
JRUHR 32 A 2R 45 K B 4 T 30 M S A SEURE R A 5
RE, TCRERTE , T, L EmEEEAT, R
BEE N 25°C, S HE SR BE N 250 pwmol- (m®-s) ™!

S HR /B FE S 12 h/12 he 256 T4 0 d JTFIREL
FEFF AT AN R AL B, 4 R AL I [R] 141 2R 0900 £2
A TEH0.1.4.7,.10, 15,21, 28,42 .49 .70
d SRARKE S T4 B s Ak 46 A . Dy Be L A 3= B R

A W R U A A
1.2 B TS bR E
MA(TN) | EA(NH, -N) | SR (NO; -N) |

WA A A (NO, -N) B9 I 22 35 % F SC#ik [ 25 ] i
Tk
1.3 DNA . RNA A9$2HL

JKFEZE 0.22 pm PR UEfS, & DNA %
Kurmayer 45 %) 14 77 2k 2047 $2 5L EFEB;( RNA FFE
250.22 wm JERIE S S B B A R R, (]
RNAiso kit (Takara) #4742, i F RNeasy mini kit
R & X RNA #1724k, ffi ] PrimeScript® RT
Master Mix ( Takara) 47 )2 % 5%. ¢DNA fF i 7F
- 80°C UKAEh LA& Al .

1.4 JER PCR

E 2 PCR R 20 pL N AR[ 10 pl SYBR®
Premix Ex Tag™ ( Takara), 100 nmol-L" %{'%, il
1.5 WL B DNA 1. |40 R 5 B 1 amo AP 3 3
F ) amoAl B/ amoA2R-TC?"" Fil ArchamoAF/ Arch-
amoAR'! | P HAZE M1, 94°C, 2 min FLﬁ 40 4+
TEIR Y"1 (94°C, 20755 57°C (AOB), 30 5 -jz%
55 (AOA), 30’; 72°C, 30 s). RIEIERE nirk
H nirS ﬁ;\%ﬂﬁﬂ%-r%j; LE/5R™ FI cd3df/r3cd“°
nirK 338 200 94°C,, 2'min )G AT 4() A{)ﬁf(i")’"‘
W4y 15"5 60°C", 60 s), nirS B4k 14:2%1
94°C , 2 thig/5 40 AMIEFR (94°C , 30 s; 57°C, 45 s;
=72°C, 45 s). PCR F=¥I7E 65°C %= 99°C ﬁﬁk“ﬁéﬁﬁﬂ
e g7 LM 2, BdE F Rotor-Gene 6000 ( version
L 7) AT 0T, bR 2 A0 ) £ 2 B] Chen 5519 7

DY ARIREY AOB amod I HEEFR J 91% ~101%
(R A 0.995 ~0.999); AOA amoA ¥ HI R F K
103% ~109% (R*70.994 ~0.999) ; nirk 4 $%k
FH101% ~109% (R* 5 0.992 ~0.995); nirS ¥~
AR N 103% ~108% (R® 2 0.993 ~0.999).
1.5 T-RFLP 73#r

DNA FlJ %% 53 i 15 ¢DNA 3E4T 16S rDNA Al
amoA J Bt PCR ¥ ¥4 Fr 51 %5 %l R 278/
1492R Fl amoA1F/amoA2R-TC. FEIE W51 5" v
FRICTEHIF (CY-5). BRI =S TR, K5
¥4 PCR P=¥)6 9%, &alifb)a 5 31 Haelll | Taq
T W3 B o 2 9 DD G E AT I8 46 37°C, 4 h.
Beckman Coulter CEQ 8000 Genetic Analysis System
AT T-RFLP 43471, BUZEGIREE 100 cd el fR
F¥H CEQ 8000 Genetic Analysis Software 9. 0 T15. K
ARG B F10 06 v 0 T R L B 1 e Acb oA v R ) 44 e
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Bt (T-RF) KB, # B PIANIEA 25761 edom ™
ZW, KA I —A .
1.6 St

IKARERALAE AR A E B PCR 4088 1 SPSS 13. 0 4%
34T One-Way ANOVA (SR Z score W B bx
WAL, £ BR O 22 BCRAE) . P 25 20/ T Bk
Fisher’s LSD #il.

2 HZRESH

2.1 HLIEPRAAE 1L
TESLI TP IR AN 25 BRI S R e, AR

RURSEFARSCAE M E AR KRt b e, |
TIX I (U; ARBR T1 SUBUR BR T2) A 2 bR R
T2U B & & AL & KUIRSEAY TIU(P <0.05) , [A]i
T1U FIT3U ¥&A WEX . S8, 76 T1 o, TR
IR A B R LB RIA ] 75.58% . fE5L50
ER, RSN, -NEBRRE T (B) X
B, {B7E 3 ANAbER Z R B 2R . ME— )
HMNESLEGZH 2B, HANH, -NZ 5% (85. 86% ) B3
T HABPIA AL FRLL (535308 95. 71% F193.24% ).
XFFNO; =N, 3U B9 2BR#(91. 48% ) W1 & F TIU
(77.29% ) F1 T2U(76. 38% ) .

®1 SRBAMNRERED /%
Table 1 Nitrogen removal/%

AbFRZH TN NH; -N NO; -N
TIU(RURERX) (Jxkﬁgér%;fﬁiigfs%) 96.79 £5. 00 a 77.29 £5.29 be
T2U (HESERUAR X)) 91.78 +3.61 a 95.35 +4.00 ab 76.38 £5.57 ¢ J
T3U(REECHIUMR X)) 80.21 +8.72 he 95.38 +4.36 ab 91.48+4 00 af
TIB( RUREIEE) 86.71 +8.66 b_ 95.71 £2.65 ab 83. 11%5:20 b L
T2B(HEGIRZE) 88.90£2.65 ¢ i 85.86 £2.65 & 82.33 +4.3¢' b
T3BCRIILIKR) 87.38+5.00 93.24 £6.90.b L W 90. 96 = 1,00 ab*”

1) AR F R R BRI e B 22 5, a b e don Sl R EN

5 T RAFAERIRERI KA, T2 95% E’J7J<E1£ﬁﬁ)‘ﬁif?ﬂ#uﬁ 'ﬁ,aTl

AR PRI A R 9 fr A T ST (A TR AN gl #lﬁﬂ T3 ns@(ﬁﬁ ‘ﬁﬂﬁﬁﬁ*ﬁ?%ﬁﬂﬁtjﬁ‘éﬁ ffFlezlii,ﬁr*Hﬂ?A PEIUREL; OB 23 'J%%/T

t’*%%‘*ﬂﬁi*ﬁ*ﬂrﬁ’ﬁl:hi : / -

ﬂm%%ﬂflﬂﬂﬁﬂtﬂﬂ%ﬂn@ i 'ﬁﬁiffﬁ
F TR AR TN Y 3% ﬁﬁWE&(FZJ 1), i 7
d, U B8 TNOKF M 8.52 mg- L7 v . 56,
KRG KBRS 46. 40% .
%nTlB)ﬂﬁTN{EPr‘Tz M T3(P<0.05). 4R, 7F

mgL

55154 1% 21 d Z[E), T1U () TN 2% T 5% %)
0.02% , T7E T2U F1 T3U Hr, TN 2[5 2845 534 hn

31 46. 24% F146. 05% . M5 48 d FLENSLIEEH (5
70 d), T2U A1 T3U {4 TN ¥ <0. 8 mg-L~", i
FE1U W, TN W EER m, TE55 70 d D& vk 2
1.05 mg-L~".

FESCRES 1 d, {LTULE 1(b) ] NH, -N By
FEVE /D (6. 46 ~2.62 mg-L™") , MINO, -NAl NO; -N
(B 1(e) ML) ARG, RUITESLSHT 24
h WA LA B ER. 7584 ~7 d, Tl
AbF I NH, -N /b, NO, -NF NO; -N Hén
ORI L == e e R R OS] N
(NOB) FIH T /K By i fi S (1), TERWI 7 d
W, 1U A9 NH, -N B R m, B RUIR 32 09 4R PR
(MEEod EI’J6 46 mg-L™'#N% 7 d Ay 1.57 mg-L™",
75.70% ) , VRS2 T3U(49.30% ), TIB(34.30% )

T‘ﬁu 154, ‘Tﬁ,b* ’l

A1 T2U (22 99%) 784 10 d, TIU FST3U 41
NH, -N ¥ B 5 51 B K 2 0. 12 mg-L~" F1,0.18
ZIR R . ML 2 T, 5 T2U
NH, -N KRR ZE 0.33 mg- L' % 28 d. 16452
d F1%F 28 d Z A AINO, -N/K-FE T3U ey, S
7 di&, 78 2B AR Bl 1(c) ]. 5NO, -NAH{L,
NO; -N M BETESS 2 d FIES 28 d Z[AI7E T3U i,
BefS R TIUL K 1(d)]. BIE 2 dmt, 78844k
FRAY 3 IX 0 I NO, -NAT NO, -N ¥ & 7 TR JiE
T IX B AP ANO, -NFI NO; -N .
2.2 SSAARRIIE A T A0 D 114 35k PR =

Wik 5% -qPCR .78 AOA-amoA Fll AOB-amoA 1)
FRETE T1 P THABAFRZH (& 2). WAh, 16 T1
W, AOB-amoA [ 3= W N, #F 42 d AYRTH
(ME0 d 9.7 x 10° copies-L™") B4/ T 10 ~ 160
fi5. B T T2U F1 T3U HHY 0.25 ~ 6.35 {5 F1
0.4~4.13 f5. MLZF, A AL | AOA-
amoA E@*HXﬂszfE)—LE}Z{ﬁﬁiﬂﬂ, %ii, b T
TIU, 15 d J& Jt A 00 45 0 3% 3% XY 5 D0 %5 46 s
.

5 amoA Zilﬂ, T2 1 T3 T nirk Fl nirS F£)5

mg-L_l,
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Fig. 1 Variation in profiles of TN, NH,"-N, NO, -N, and

NO; -N during cultivation in T1, T2, and T3 microcosms

RSN T T1CIE 3) . X BRI RUARZE 7 4
PEa X SEIL IR A AN B 39 5. LN, FERTA 3 Bk
PR AT AP DUROHIE 1 AR IR DXl LE b A X
. T nirS B, TR FTA AR BRI ]GO 3. 56
x 10° copies+L ™" 254k 5 1. 67 x 10° copies-L™", 5
nirK F5 DUEOH FE R B 10 ~ 100 579 22 5.
2.3 AOB B

AOB-amoA % Xl () T-RFLP 43 #1 & 75 N 18 78
DNA i /& RNA /K- I, SV Ak BR T S 2 I 3 Aol
Bt XFT SRR, 5 DNA F1 RNA /K°F | AOB-
amoA By T # T-RF ¥ AAH[R]. U0 A% 1k 40 ) A
( Nitrosomonas europaea ) [¥] T-RF 219, 7E It A ¥ i
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