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Effects of bacterial-feeding nematodes on the amount of ammonia oxidizing

bacteria colony in soils using CARD-FISH
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Abstract; Interactions between feeding and feedback of soil microfauna and microbes are one of the core issues in soil
ecology. Ammonia-oxidizing bacteria ( AOB) are a key group in soils in the transformation of ammonia (NH," ) to nitrite
(NO, ) which is often considered as the rate limiting step of nitrification. It is well known that the activities of bacterial-
feeding nematodes are very efficient in promoting nitrification, and one of the reasons is likely by stimulating the
enhancement of AOB amount.

The objective of the study was to investigate the effects of bacterial-feeding nematodes on ammonia oxidizing bacteria
(AOB) colonies and the feedback of AOB by simulating the natural soil in the lab condition. Treatments were inoculated
the soil sample with soil bacteria solely (soil suspension) or with AOB as CK. and three different densities, e. g. 10ind
(individual) g ™" dry soil (SBN,,),20 ind g~' dry soils ( SBN,,) and 40 ind g~' dry soil (SBN,,), of bacterial-feeding
nematodes (name of species) were inoculated to compare the dynamic changes of AOB colonies under the grazing of
nematodes. The common FISH (oligonucletide probes labeled with Cy3 fluorochrome) and CARD-FISH ( fluorescent in-situ
hybridization with horseradish peroxidase ( HRP)-labeled oligonucleotide probes and tyramide signal amplification) were
compared at first to look at the suitability of the methods. Finally, the method chosen in this experiment was CARD-FISH.

Results showed that the AOB colonies changed with the density of bacterial-feeding nematodes inoculated significantly.
We found that the order was; 20 ind (individual) g ™" dry soils (SBN,,) > 10 ind g ' dry soil (SBN,,) > 40 ind g~' dry
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soil (SBN,,). However, AOB colony in the treatment with 40 ind g ' dry soil (SBN,,) was lower than that in the treatment
with bacteria alone (SB) after 14 days in the experiment and it was significantly lower after 28 days. This was due to the
effect of overgrazing of AOB from bacterial-feeding nematodes. This result suggested that the effect of bacterial-feeding
nematodes on AOB exhibits a density-dependent regulation. The AOB was stimulated strongly in the presence of bacterial-
feeding nematodes with optimum density of SEN.

Results also showed that soil nematode numbers in the treatment with 20 ind g ' dry soil (SBN,,) was higher than that
in the treatment with 40 ind g~' dry soil (SBN,,) at the time of 14 days. However, overgrazing was not observed at this
moment due to the high abundance of AOB. It indicated the presence of a mutual-benefit phenomenon showing the bacterial-
feeding nematodes promoted the multiplication of AOB, and the multiplication of the AOB provided more food for the
nematodes. Nevertheless, with the reduction of nutrient in the closed system, both nematodes and AOB colonies were
decreased at the end of incubation period.

Inorganic N data showed that NH," -N contents decreased in the treatment with bacteria alone while it was significantly
increased in the presence of nematodes in the first two weeks, indicating that bacterial-feeding nematodes could promote the
rapid release of NH, -N thus increased N mineralization. Meanwhile, NO, -N concentration was consistently and
significantly greater in the treatment with nematodes than in the treatment without them after the beginning of the
incubation, indicating that nitrification also was significantly increased in the presence of nematodes.

The increase of NH, -N resulting from N mineralization was one of the most important facts to indicate the significant
effects caused from the complex interactions between AOB colonies and the bacterial-feeding nematodes in soils in the
experiment. The enhancement of AOB colonies in the presence of SEN may be an important reason which increased the rate

of nitrification relating to the N mineralization.
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Griffiths %% il Verhagen %! 435Il % 3 +- 398 5 A g W I B S REAR HE RS AL VR o Cavagnaro 21 % B 3084
YreysfLfE A RESE N AOB FUREVERUR . 7EX S TR Y , TR ML R R LR il Z R
syt R R, B AT REE A S R Y 2 R AR LA A s AOB BURRIEEYE , ST M N (5 (L RN
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C R BB A S Wy T A W B R ), ELAR /DA ST X AP S A — B R ) E B 58, T FISH R
K B i e B AR R TP 6.

FISH(FEGIRALZARAL ) & — A FIFOLFRIC H DNA 5 RNA $REH B HAE G (14 40 M 5 4 ZUK T 8 AL 47
SESRRIRITH > T A AR , B IZ L F T IR B W 0 BOR SREE S5 i A o R,

http ://www. ecologica. cn



20 4 H g 4% CARD-FISH BIT & 4 i 4k B X A (L4 # (AOB) ik Rom 5415

f&GE 1Y FISH 7E T3 A YIBFR N I P AFESOE T FOR T POGIE 5 55 R BUBEAR (I5 0 B2 22 M Bl s, — B 19
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Table 1 Basic properties of tested soil

A HL#K Organic C 4% Total N EkASE NH, -N A% NO;y -N W JRA Mineral N HOK: +2.51)
/(gkg™) /(gkg™!) /(pgkg™) /(ngkg™) /(pgkg™) P ’
9.31 0.94 6.88 2.54 9.42 6.32

1.2 BHELRNEERRESE

B Lkg RTALBE 6 1 5 KT I BEWT H 36 30 B ok 2501 WY EL IR AT, VA5 & /K B 2 el vk 2
i 60% (SEFR &K BH 23% ) 440 KA B T 28 CHE M ERBEREF 2 B, UG RS RENE
B H . KRBRARAE . B S0g 1B, FIRAM T8, 48 h 5, Ik &+ Hk, A 3 4
500 B 21— 00 R0 , mhik MR VS RE TR, S AR R, 94% LU L B A AR SR, R SRR I
B R R R
1.3 Rt

AR I 4 BT (1) KA 35 + 405 (SB) 5 (2) K H38 + 408 + 10 K& -g~' T (SBNy);
(3) KHi 3% + 405 +20 SR -g ' T4 (SBNy ) 5 (4) KE L4 + 40 +40 K& M g ' FH(SBN,,) o
AT IR SRR, A 4 NEA

A= 100g KEEE+ ) BAh TR SR (M EA N 1 x10° ¢ ' F+) J5 28CEIRIBFR 1 A,
RIG IR A T MR T R R, REEMEEERA 1.0 g LT MFRREEZM0.02 g L™ L
BRI & BT T I B K 20 min, B30 2 B3, IR TCHIK R B IE B 5—6 K. HeRhse UG FTC s
WO QRSB T 22°CHFRAE 55 28 A, 4808 7 d SRBE, WSE I rp R UBE, TR AL A A R R AL B
BE,
1.4 CARD-FISH 3§, #4t BB AL BE 15K

B BRAR 4 % B-Proteobacteria [ 4 4 1k 40 B 38 JF 18 F NSO190, # 4+ ¥ 51 5 -CGATCCC-
TGCTTTTCTCC-3” , {64t i) FISH HAE7EZFFIN 5° 5,3 SibRiC 9862 B (401 CY3) , T CARD-FISH Fir i i f)
WEHE S’ AR ICHR I S B (HRP) . CARD-FISH Hi:Z k™, FEHBILE 2. HIFHBA R
TEPEE BB T MBI ST 700 BB BB I A T AR 208 x 164 wm”, B H- 41 R T A1
2 0.785em” , FEHLPREL 15—20 MG HTHE R EMME M ER . BEHRE KRG T L& AOB 5 H . Ki
SR [6] (357 ¢ R SRAE A48 FISH F1 CARD-FISH 4} B A e AOB %8, HL DI Fh 7 i BI04 I e 4 58 L T
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Table 2 Summary of steps for CARD-FISH of ammonia oxidizing bacteria in the soil

A3 Stage $BR5 Step No. AN Description
i a5 % Embedding 1 FISH 1) v FOIg B i i 45
2 FEHI 4 4900 F FIUE R R 0. 2% BIEIEE T 35 C FHET(10min)
3 F96% 1 ZBEBK (ZEMREHE 1 min )
4 FR TG RS ET - 20°C T RIRARAE
5 US N5 i (lysozyme ,37°C > 60 min)
BA 4% 6 XFK Y (1 min, RT)
Permeabilization and inactivation 7 YSIM 1000 wl methanol + 5 wl 0.15% H,0, ( (& 30 min)
of peroxidases 8 WK B
9 F96% HZEERK (1 min, RT)
10 T

—
—_

SERCH RRIREH 238

Hybridisation and washing

H 400pL ZZC RS 2l TEHE ARG SR RN Z 0 ML (BEIMIAL 10 wL)

R URBIER ), BT 0.5 mL (S PRELO A Y, INA AR ZE vh i S R G IR IR B W

12 46°C TSR AHCEEE > 120 min

13 JABUR IR M U (10 min , 48°C ) ; YA ARFFHE i 119
14 AWK AR BR AR, (A TE RN ZEALRE e 2 T 4R
i L S 15 A 1 x PBS #10.05% Triton X-100 10 mL, % 15 min
Tyramide signal amplification 16 AWK AR BR AR, (A TE RN ZEALRE e 2 T 4R

A Y6 38 2% vb 3 (1 pL of tyramide and 1000 pL amplification buffer + 10 wL

17 0.0015% H, 0, (B ZFEF I 46 , 20 min) , S5 FIVGKAE 215 2 A Wik

18 JH 1x PBS #1 0.05% Triton X-100 HIE& W YE% (5—10 min, RT)
19 B F 50 mL KPP 2 I(RT, MREESAE).
20 BT 50 mL 96% WZEEEW PBK (RT, FBEEHM)
21 T e R TR
RT RN EiR
1.5 Sitsrtr

BARGETTRF SPSS16. 0 Geitk i . R R 7 Z W /A 5 o i 134 g HIETOHL N VAR 4
B RERT EAE AL N . SR A LSD A7 S48 F A (Rl ;7K F R P < 0.05)

2 ZERE5HW
2.1 f£%; FISH 5 CARD-FISH X5 Ho &

ME A LUIE H, BEREEZTR EAMCTOL R B MR SRS & B IR BP0 & 158,
BRFNES BIRMET CARD-FISH MZOLESRE . N FI 2% B AR TR R A A 22, i CARD-
FISH iy &M 9%O6EE B B e 737 UTTEZE HRP JH B, B E MRS TR E S, T4 & e i) R 45 5 Fn
2.2 BHIELGHREENSHDLL

SB AbHAERE N EFRIABIR R L K, BIE 2 AT 0L, 3 FhLk RN BT , & R SRR fb s 2 R
BMEA - LR A R SR R 28 OB A T T . (B Ab 3 BRSO — 3, ALK
TN 10 5% g7 T (SBNyy) Hl #0120 4% - g T4 (SBNy, ) AL HHLR HBCRAE 14d BB EIA B WA,
MHEFP 40 % « g T 1 (SBN,,) AL IRLR BB AUNAESE 7 R BHERI A B b E $i— B T . FE7E 21d B
BEDEMTEM 20 & - g TH(SBN,) MEHE(P < 0.05),

2.3 FZEMMHFEHEMN DL
AENNEHESEREZAE ), SRMBAHAE O, Bk L EME R BEE N T KREAE
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B 1 &% FISH (a)5 CARD-FISH (b) &l TS RLHE, #R$tH NSO 190
Fig. 1 Traditional FISH method (a) and CARD-FISH(b) to examine the ammonia oxidizing bacteria ( AOB) in soils. The probe is NSO
190
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Fig. 3 Dynamic of ammonia oxidizing bacterial numbers
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5B BEFERAR (BAFF R IR R AR R G KE ARG TR A& 56 M TR 57 %
T T BIATCHEEGR B AR TR A SR, BT R ) ARG EARS DR AHA R SRS
B EMAEY) UL HEP AL R SMAYE RNERXRR, SRESEFAALL, EIHEESE %575
Bio ARG T HEEHE LA R EARRERE TR EAEBENEN, SREH, LR
BEWALHE T BEIMERIETE . PR, &SR R DUR B AE Y8R s A4 W & 3 i, & Ak 4
PR T Ih BRI A M AT % , i LA AT LA 00 28 pb A2 T8 A 8 AL 40 B 3 BB O L BB AN T = Carpenter 2517 382 1 9
BERSBBRUIN N, h AR E R IR DR KB E RIS EENER, SHARERERYEPRE
#8200 R R, SB 0 b FH R R AL T BB R B R K, T RE Y SRR B A R AN AR R 20 4% g7 R
AOB 3B IEAbF— > Sl S5 B IR TS , IR TR B R B A T AOB (93858 . Fu & tudl it &
HEH 2k AR 5 HEUR R MAE Y8R 2 (8] Y U8 (B-to-N) SRR EMUAE MR R N m 5 . X st 2 pr
T RS FEVR TN o A AR A B 5 X A R R BE N Tk v B 8 B X A 1 A o At B
B, AT R WRE . X7EARIRL P AR TIESE, 7858 7 R, @ SR T — 81K
7K, B SBN o A3 H H FAFZE A 2 2R B B0 (5 S SR AL 4 R 00 1 n 1 2 B2 B & (IR T SBIN, T SBN,,
AbFE, TR HER R A A TR BE AN R , SBN oAb 38 28t BB th B AR . SBN,o b 3 Hh 42 AL Ak 41 B 11 5
BAESE 21 128 RAEHEAS T s BoFh 40 i 1 AL 38 , 3% BLAE 28d BAE] T B MK, X AR AT BB TE SByy
FIAL PR 2R B 2% BE S R v AR T X AR S BB . RAEFERE SR T 14d J5 SBN, AR M EE &S
F SBN, AbFE , {H By T UL AT SBN,, Ab3 i & AL A R A B AL T — A XT3 R R 2, BRI SBN, A3 FF 1% A
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W RS, MERIN— U FEVEF——BP 2 BRI AOB $E 3 fin, AOB %t & 3 it 28 1
RUETHEEEWEY . EXFUFEERTRBMUE—NMEB IR, FEE IR AR IR0 MIEFE, X F i E
YEF BB B A ST . YR, S U 20 8 AR HE T 9 BB R 2 SR AL 4 o8 AE R 3R 4 5 T R R B B2 R R AL E
F5o Ingham 2V % P AN B 2Rt BB AN TE WL AN NH, -N I NO; -N( FE 2 NH, -N) 3 EHLAE 7 40 s 1 7
Anderson 25" LI A LR AWK B HIEILAR . Moens 2 il Riemann FI Helmke'™ t & B £ 4 15 1E
TR 2R H BB IR R N B AR K . B, ] LB R K & S A i 2 A R A B A
SR E SRR B R,

HONEERNSE @A E AR R, AOB IGHIA 5 3 N M b B E BV RR ,IF SR E KR
T BB AT OB B AE Y B B N AT 3 30 R N & &), Anderson & L I & A B
S CNEZHTHREM CN IS EREMAEYUERSHE B AN Z KK N, HEZ 8 NH, -N, H 2
AOB FII )Y , T 7T BE S 30 AOB $r & 934 i, Cavagnaro 1" o R LA L1k F B MR T L
AOB WA FE . AR P T AWS R R, LR B EMIG I T NH,-N W& &, UL RE) B EH
TR . XFTIERRATEEFE AOB HEBEWMMKWERZ —, WAMRERERHEL R
B SRR B o ST, Ingham 2570y, T REF A 1O 20 40 B 42 BB REIS 40 7 O B0, R R 2
AN A0 B AN b B R BB W B, B A S B R E B A R B . IR N Bt
2 A 2R B WIS fin it 4 33 B BB A A A 0 [ R i N VRS ok, T AE 3G SRS AW I N & 88 Fr R R, X 7]
REJE T4 BRI, 3800 R N XM M E B E #5738, Coleman ') & BUHEF AN H 21 h J5, 4
JUFREF T 2P RTAE K NH, -N; S5 mE s, CERHRR D&k, b, R R P
B EEE ORI AL RS AOB B 2 [H V-4 8 , = & AT HEa S b 40 B R I LK
EWERM T R, WREYEZ , S A E RS KER/DTEA B SRR I KR E S K
KB/ DTG A BN TS, B FRAECEEE R TR, SRR 5HZ B EAR ST, SR EDRS
BE TR

AHH5E N A CARD-FISH X 2 S8 Ab 41 B B A TRl , BEAX T BRIRET B4 St g T FISH Rl 45 51 1)
FEHENE , 158 A (5 F i) NSO 190 #8412 B-Proteobacteria [f)2 S fh 4l B4 38 PR 4T , 7T AR R L3 h S A (b4 &
MBS . 5154800 FISH J7 48 e, CARD-FISH Joif R 7e il R 5 10 iR R Ak R |7 #E B 1L 51
FISH A LB 3. B o8 T3 W A ARt T — AT SE M BFSE F B, Pernthaler ') I Eickhorst
27 T A BRI T PR A P B B B . Eickhorst 267 38 % BUZ 7 B AE R IR 50 L P
MR 22 57, FEVD IR 3T MR BCR R 38 94% o R 78 30 F7E 38 R i 24 o, S 2
THRef A P B R , AR, B T2 ik v B (5 R ET  A& AE X 3858 1 FISH £ R T 5 2 H 4 LA, |
WP Bz i A 15 B KRB W) (HEEM RN Z N AMBHE MR R, ik —EsBE iz
L F A5 o
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