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Effects of Different Concentrations of Tetracycline in Sludge on Ammonia

Oxidizers During Vermicomposting

WU Ying, HUANG Kui ", XIA Hui, CHENG Jing-yang
(School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: Dewatered sludge often contains abundant antibiotics, and such contaminants can potentially affect the nitrogen fertilizer
value of sludge-derived vermicompost. For this purpose, the aims of this study were to investigate the effects of different tetracycline
concentrations in sludge on the nitrification rate and abundance and community characteristics of ammonia oxidizers during
vermicomposting. Four sludge treatments with different concentrations of tetracycline (0, 100, 500, and 1000 mg-kg™') were used,
and data were collected to reveal the mechanism regarding the ammonia oxidization of sludge in the vermicomposting system. The
results showed that the high concentration of tetracycline (1000 mg-kg™' ) significantly inhibited the nitrification rate of
vermicomposting (P <0.05), but no significant effect was observed in the low concentration treatments. Compared with ammonia-
oxidizing bacteria (AOB) , ammonia oxidizing archaea (AOA) were detected as the dominant microorganisms involved in the ammonia
oxidation process during vermicomposting. In addition, the abundances of amoA genes were significantly elevated (P <0.05) in the

! tetracycline, but values significantly decreased with the further increments of tetracycline concentrations

treatments with 100 mg-kg~
(P<0.05). The results obtained from high-throughput sequencing revealed that the community diversity and structure of AOA and
AOB were strongly modified by tetracycline concentrations, and a negative correlation relationship was detected between the tetracycline
concentrations and the a diversity of AOA.

Key words: tetracycline; vermicomposting; sludge; ammonia oxidizing bacteria ( AOA ) ; ammonia oxidizing archaea ( AOB) ;

nitrification

PUFRE (Tetracycline) VR —F T BEEPUAE R BE RIPMIRICRE A EE Rz 7" &8l

2 I RS 2 A sh A KR ) L G 4 R
TSP A& A 60% ~90% HIPUFRE 2 |
HEAEE PR E KR ENIUIRE, B 5 Y,
FRE I 2 BN 25 T 7= A4, a3 N2 fg
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AW BRI S BRI, B O WA DU ER R
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P EL

1 HREFE

L1 SRk R

eI ¥ % M 85| ( Eisenia foetida ) VF Ay 3 AL #l
Ffr. SIS HTADET BRI Ve HE T Ik, 1S B ALk A £
FREAG 16 7 A M| A T AR S 88, 2k R ALA K
JIICEEIH (1K 46 cm x T8 17 em x & 13 em) 1EH
BB I PRS2 R 7. /KI5 PR B 22 M T 4 b HLYe
V5K AL IR 5 P MK A2 TR]. Bl K B 3 g Bk
22 I BRI AR A 5 mm B Y5 R 0k, RS e BEAL
PEFANT . pH 4 6.8, E/KZEH 78.4% , AHLFE A
66% , &N 0 mg-L™", KA N 60.97 g-kg™', U
WESE N 3.68 mg-kg™'. WUIRE R 4 M4l
(99.9% , Ruibio, 72[).
1.2 LRIk

AWFoE £ B, FAC U IR R Ik 327
mg-kg ' [l i A5 2 kY U8 b 5 DY 3R R A
—EIAE T, PR A S 56 45 1) 1) 4 kg o i 500
RIS IR 0, 400, 2 000 F14 000 mg) PU X
WA, A SBFEIE , HREERL, A RN A
fE R A4 3 B, B R 0. 100, 500 Al 1000
mg-kg X 4 ALER, H B A0, A1, A5 Al
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WFEE L 80 HI, BT 4°CHE MR, 55— RAF
1E —20°C B UKAR .
1.3 Spbririk
1.3.1  H{bMERr

ST KAL) AR A VA X S R A T
FRAE AT (CI/T 221-2005). ¥ TR 2B+
K(FHRE/K =1 g/50 mL) B2 IR 4 )50 € pH {H
(ARG PHS-3C, "PE) DR 3R (B DIS-1,
). FRRAWAFE 20 f5)5, i 0.45 pum JEAHE,
PR H, HA) MERBREE . WA AR
b R DL R RR L. BB AR ECR FH TR AT

M7 ( Yanaco CHN CORDER MT-6, HZ). JUHZE
R Y AR € AN ( e, HAR) sz e
1.3.2  DNA $#2EURIZEEE 7t PCR

BOETRERS, A DNeasy® Power Soil® Kit
(QIAGEN, 7 [) iz & 2 O DNA. SR = i
FE R PCRAL(ABI, VIIA@7, )X AOA F
AOB 1) amoA FEPHI#8 DUBGHEA TN . AOB [ 1F 7] 5|
) (5-GGGGTTTCTACTGGTGGT-3") , K la5|#)(5'-
CCCCTCKGSAAAGCCTTCTTC-3") ; AOA F41F [ 5
M (5'-ATGGTCTGGCTWAGACG -3'), J [ 51 ¥
(5'-GCCATCCATCTGTATGTCCA-3"). 10 pL f4%¢
JEE i PCR R R M. 5 pl 19 % 6 %4 Bl Roche
FastStart Universal SYBR Green Master ( ROX), 10
pmol [ FIFTI#4% 0.75 pL, DNA #Hz 0.5 pL,
DNA-free #8417K 3 pL. W AF 4 :95°C HAEE 10
min; 95°C A 15 s, 60°CIE k 30 s, 72°C #EH 30 s,
BIHEAT 40 DMIGFR. R G WU BORLVE A bR el 42
TR . PUCST. Jl DNA-free #8 4l 7K /5 0 BH 1 X
W, REASFEA 3 IRE R
1.3.3  PCR Al a5

SKHRLA T Nlumina W77 & 09 2 A L0 1Y
514 amoA-1F (5'-GGGGTTTCTACTGGTGGT-3") I
amoA-2R (5’-CCCCTCKGSAAAGCCTTCTTC-3"), L)
KA FAL T B I5]1 Y Arch-amoAF (5'-STAATGGT
CTGGCTTAGACG-3") Fl Arch-amoA (5'-RGCGGCC
ATCCATCTGTATGT-3") , #47 PCR §"#. & EL
KA Phusion High-Fidelity PCR Master Mix with HF
Buffer( New England Biolabs, 3¢ ). 50 wL PCR 2
MR Z K .25 wL B Mix Buffer, 3 wL DMSO, 1 wmol
RS AL 3 wl, 5 ng- wL. "' A9 DNA #4210 pL,
DNA-free #1407k 9 wL. PCR JZ W 211 98°C Tl 25
30 s; 98°CAE 15 s, 58°CIR K 15 s, 72°C #Effi 15
s, YT 30 MEFR; 72°C LK ZEH 1 min. PCR 774
2% 36 W5 56 e M Uk J5, Al AXYGEN Gel
Extraction Kit (250) ( Axygen, 3% ) & [ i) &
DL N =1 Y | Qubit dsDNA HS Assay Kit
( Thermofisher, 38 [ ) X [1ie A% SC 247 5 1 I K6
s, ﬁﬁ%@%@u%@(()@lo, Illumina)f)ﬂﬂﬁ?. e
25 H Catadapt FAEXHIR BT &R 85 VI )5, 75138
if UCHIME Algorithm %4 2 Gold database #17
FeXd, i A R 8, A 405 B A S0 Iy
1.3.4  Fdlaaba

fifif R & H oA A R ERR. R
STATISTICA 10. 0 #4757 [7] b #H ] 5 384 2 S 43 #r
DL T8, KR 0.05. ] MEGA
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7.0 BT A ACTE Y DNA )7 B0H 17 3R 2,
JEHH Heml 1.0 ERAF #4790 F0 4= 2 43 Fr. AOA #
AOB I 45 45351 1% %= DDBJ $04 %, I3 e
¥ 5l 5 LC379797 ~ LC379872 A1 LC379974 ~
LC379989. 7 4%-8i 4N ( Shannon-Wiener ) ZFE1EFE %L
DA 2% ( Simpson ) 2 FEPEFE B0 8 7 0 SCHk
[17].

2 HR5H®

2.1 DUBRER Y5 e i ] ok AT Ak 8 2 1) S i)
W1 R, BEE DR S i 3n, 15 R ik
| A 2 6 14 T i 3 S TR S 08 0 A R A R 3
5 A0 ML, A1, AS PURSILEE R m A 42T, (HA
BFE(P>0.05); 1 ALO (IFEAL R B E R T
20.23% (P <0.05). X—45 R R, KSBEURE
FE—EFERE L] $ T 75 U8 i 0] o R e R A g Ak ek
R TIOR3 G Ak R A S AR L
SCEGEIR, A1, A0, AS I A10 20 Hh iz 5] A ) o 14
KFEpHHM5.3.3.3,3.0F11.8 mg-d™", Kk Al
2 5z e 1 T A 38 e T g EL A s ) ke 51 A P e A L
BRR. AR RS A RRHARK, el
VUM A R sh WA KA ™ R E 8 s ) i i
¥ DU PR Z 2SR e s o A I TS TR i 1k
HCRBIA IR, S s 0V RS, Zhang
SRR ST R WK 5 B (5 gL' HISO pg-L7)
F14) DU A 2% R e P el Xof 30 1 75 T S R R PR AR
VA I HIE e & i (10 mg- L") bt
R ERRK(P <0.05) ISR AR EBRF. (HA
SEI R B Ak R A AR E bR R A
BLIRE1 000 mg-kg ™", Hofyaim s T HAEH 1t
5%, X AT BESR T 05| A A AT A — R R L A
PUSRZE, M E T Pk R s w i amkiE R

40

?o 35 | a
‘7‘ a a
'Eu 30
3
] b
=
o 25 |

20

Al Al AS Al0

A0, AL, AS Al A10 732/ PUBRER AR & 109 0., 100, 500
11000 mg-kg ", FI; A HNG 55
FARKAZ TR FHMWEZESR (P >0.05)

B 1 MIREEEXTTIRMEEHARREL E RN
Fig. 1 Effects of tetracycline concentrations on the

nitrification rate of sludge vermicomposting

Fisf -t R 75 e e ] S TS vy 2 A A R REE 1) T 24 P A
5. Huang 2" % 9195 Y M U513 AT 2R 5 v 4 A5 i
() PSR R PR A

2.2 PUFRZERT amod FEREE AT

f2e 1 A2, IS 8 i ) HE AT ok AR T AOA 1Y
amoA FER BRI 3 & T AOB 19 amoA & [FI %4
i, H AOA/AOB {4 2.26 x10° ~7.56 x 10°,
Ui B V5 8 e 451 3 A A Ak 2ok R R AOA i 32 iAo
Huang SOV ST L R PR AOA 7E S 555 i s | i A 44
RESAf B S E AL 5 A0 ML, Al
HAOA Fl AOB £l it 43 il Wi 38 fin 1 50. 17% #i
65.11% (P <0.05) , WIS & A% DU PR nf LLY
Tz 5195 8 HE AR Y amoA BEDEE:. X AT g2 A
9 AOA Fl AOB AT KA 25 1 1 I 20 3 A Sy Btk 15 AR
FIEW MR, T EETH AOA F1 AOB Y%
AT HR R e A i ] A A R L R S S B 1 [
PR A R B g O HE S AR TG B
MAY R AEFREE, MR A Y4 K 5 Huang
A5 000 S T s T S AR TR SR R AR AR R AOA
F1AOB [E .

T, A10 5 A0 &SRB EWHZER (P
>0.05). #RT, AS ZHAY AOA 2 AOB %% A0 A
Fo o5 2 R R T 50. 67% F1176.96% (P <0.05).
AW R, A0, AL, AS Fll A10 AUBERR £ & 25
W% 107.98 , 124.85, 151.21 1 118.57 mg-kg~".
LS, A5 4109480 B iR 8 & 2 T fig 2 S 2k
amoA FEPREE & A8 A JE A Herfort 2524 (7
¥ W B Y W R R S BRI AL T SR AOA 11
amoA FEPRIFUEE ; [FIAS AR AR EE T A F 52 th 2% B AU
Z3HEhN AOB [ Z M, B AE 25 AOB (24
PEREAR. ABEFE AS AR amoA B HIEK & 1
IR A s B Ak TH R AT B 5 O AR FR A BREE R LA
K AOA F1 AOB HYFPH#EZFEMEA 5C.

£1 MNFRESENTRMEHEH AOA F1 AOB
ERM RPN
Table 1  Effects of tetracycline concentrations on the gene

numbers of AOA and AOB during sludge vermicomposting
AOA amoA FHHUR AOB amoA FE R %

R dh 5 75 x 10%/copies+g ! x 103/ copies+g !
IS 0. 002 +0. 001 ND
A0 12.40 +1.08 a 3.04+0.78 a
Al 25.70 £1.35 b 10.00 £0.95 b
AS 6.50 £0. 15 ¢ 0.86 +0.02 ¢
A10 10.50 £0.41 a 4.27 £0.56 a

IS Fomnitaisie, R F—FHE /NG TR RS 42 8
BEMFEF(P>0.05); ND FmARMH

2.3 PUIRZEXT AOA Fil AOB BEVE ZFEVE RS2
— 1M 5, Shannon 850k K LR Y Fp Z REPE
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T, Simpson #8 B A e 7R 1 B[] 35 5 BE R 4T
22 AT 0L, AOA 1) Shannon 544 F1 Simpson 5%
IR VO IR ZR S 0 T MR ARG, 08 B e 2 S 1 D 3
R EAK AOA MU ARIE. AHELT A0 Y AOB, Al
H1 {4 Shannon Fl Simpson ?E@ﬁlﬁ@f?l‘%, M A5 1
A10 ) Shannon Fl Simpson $8%(¥F+ 5. AN 57 45
SRR SRR AL
®2 MREFEXTRIEEIHERLH AOA
AOB ] o SRR
Table 2 Effects of tetracycline concentrations on the o

diversities of AOA and AOB during sludge vermicomposting

Bem R Shannon %% Simpson $5%%
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Fig. 4 Effects of tetracycline concentrations on the community structure and abundance of AOA during sludge vermicomposting
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