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Abstract The waste sludge of municipal wastewater treatment plants is an important reservoir for antibiotic resistance genes ( ARG).
It is necessary to explore the fate of ARG, microbial community succession, and the correlations between them. Therefore, the
distribution of ARG and the microbial community structure of waste sludge from wastewater treatment plants with A’0O and A>0-MBR
processes during microwave pretreatment and anaerobic digestion were studied in this research. The results showed that the occurrence
of ARG and the microbial community structure were quite different in the waste sludge of A*O and A*O-MBR processes. The microwave
pretreatment did not change the microbial community much, whereas the community structure of the digested sludge with pretreatment
showed significant differences. Anaerobic digestion had a conformity effect on the distribution of ARG and MGE in the digested sludge
with or without pretreatment. Among genes, ermF, gnrS, and bla,,, , were the most difficult to be reduced ARG and were prone to
propagation during anaerobic digestion. The influence of biomass, ammonia nitrogen, and phosphorus on the distribution of ARG and
MGE was higher than that of other environmental factors. The sludge characteristics also showed important impacts on the microbial
community, especially on some genera with specific functions. These results could help people to better understand the spread and
control of ARG during sludge anaerobic digestion.

Key words:sludge anaerobic digestion; microwave pretreatment; antibiotic resistance genes ( ARG) ; bacterial community structure;

sludge characteristics

PARK B THUAERT TR0 &8
FRIE R A A 77 55 AR 22 AT, A A5 PR 45 v B S 2
PRTER R T AR R R PR 5 ) T 7 LR T 2 M AT sy
i 2554 (antibiotic resistant bacteria, ARB). 57 4M, $IT
P FE K (antibiotic resistant genes, ARG ) F¢ A =9
SR B AR S R (R 4
FARBR AR B 2 4238 i T B R B TE @ T LA
R ARB ARG FHE R BiMETS UL B 4 n N 2 AT F
FER R Z—.

WAV VeI RS B ARB 1 ARG ) TRk = T
1K) IR RIAYTS IS ARG Y EE B A O ik
DRI K S s ) T L S . R 4RI AR A oA I i oz
I 2 BTG IRAN B R 2 — | AR T F AT %

Wr#m BH3: 2020-06-08 ; #£1T HH3 : 2020-07-13

EE€UA: EXRARFIAEETH (51578535) 5 [ 4K 45 Jedis il
5yA A B KL (20152X07203-005)
YEER N ZEFI(1970 ~ ), 2, B2, 20505 il S Ts e
il S B FEY AL P | E-mail ; huilihit@ 163. com
* ﬁ{%{’ﬁ%‘,]ﬂ—mail;hittj@ 163. com



324 ®

L 42 %

L
&

TR IR G AL T2 k5T A8 H §T AT 15 e Ab
B ARG A 4 5 i R 2 LA R G {4 o
ARG (BRI AL T AR ZS. BRI R IR 1
JFe, i COD & AU RIBE %, J2 IR S 1k i B ARG /K
ST R A A e R o PR R O LR A A
WG ASSEHTS IR 02 Sl B R ARG 195519
R P RETE G5 M A AT ST A 40 T B V5 454
1 ARG (R FZURS) J15) 0 Ma 2515 g RS
R IR AR A rh 20 T T R T S5 4 LU I IR ARG 4L
Xt ARG 5 IET 5% 0 B K. LA TR 0 ol Sk % i
ARG HEUA MY T BEN 2 U0k My b B 2 7 98 v R K A
DU e BE AR R B30 ARG fO4axd £, T
AP B A b B A | R BE T RE SIS LE ARG
SR A K T 55 ARG AOFEAE 1 L
ST DA AL S TR RS ARG (%419
FIVAH B A LA S,

TE A 2 T4k 3 3% A R 48030 b T2 b R -
H, O, -l Ak 3 S A T 458 o P e 7= 4k, i EL A 12
ARG F1 ARB 98Ik~ . A L8 4T i i g8 7R

[FIFE ORI A 508 (B A0 1 A°O-MBR I 2550 4z

Vi) A SR D T 1 7R

RS A R e 2l W N A e
SRR BRIAYTG Y6 (A0 Fl A*O-MBR AR T57E)
Xof (e WAk B AL IR A AL B ARG (96 A HFAIE
TS BRI v 2 R T AR PR S

1 RS 7k

1.1 Seis SHEsRE
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W Ve (PR ERNIS J8) LA VS o 3: 11 e ] IR
£ J5 17 BMP 3 28 52 A HE 8, LA 25 B Ak
SR U £ S of B2, 5 2 3 3 AN P47 98 e, 7
38°C « 1°CHEFT I 25 d HPEENTL , sl
Tk BT ( EIIS0EUE)  ie 1 A B B 40 1
TR RE AT 4397 W T 15 U e 28T ) 4
TE RIS P A I8 ™ AT g8 R 5tk

5 ARG/ RIZI R 96 b 0 3 3. 4 FE a8 g

FRELA) €|y &

g S F REETR TS RERTL (FHE)

‘ Table 1 Sludge charé.cgefistics igfFarious stages of anaerobic digolstion( medn lfalue)
s ml V) e o R U Bk R

(a1 A%0 AZ0-MBR © [A?0 A%0-MBR 'A%0 A20-MBR A0 A20-MBR

TS/ng;- LY 7 =79 400 109200 ' 44 84200 ) <115 800 50914 71 104 52703 70518
VS/mg-L- 52700 54600 5,3,800'3 55700 29 969 31485 29108 31284
VS/TS( % ) 66. 40 50. 00 63.90 48.10 58.90 44.30 53.00 44.40
SCOD/mg.-L -1 8780 7080 28 650 26 150 4573 4473 5050 3993
BRI/ mg- L' 2143.42 1 060. 68 9677.62 8933.22 724.96 612. 14 583.98 565. 15
B2/ mg- L 659. 25 135.79 2624.89 2624.89 859.35 1071.55 1 084.50 468. 50
B /mg- 1.7 2450. 34 1710.74 4300. 25 3900. 46 10 783. 33 12417.12 15 416. 67 18 234. 00
HEA/mg-L~! 946. 43 570. 65 742. 54 517.50 1772.15 1861. 81 2071.95 1908.78
E#/mg-L~! 123.83 51.43 297.12 114. 64 79.24 28.94 95.32 41.46
VFA/mg-1.~! 3415.36 4945.21 3948.77 5124.26 60. 00 56.00 62. 00 58.00

1.2 DNA IS5 & & PCR

F iR F) & Fast DNA Spin Kit for soil REY5R
FEH 2 DNA, H Nanodrop 2000 ( Thermo Scientific,
USA) % DNA ¥ B F 5T iE, B 42 BUAY DNA K 4
T - 80°C vkAH -AF A . RINZEOE £ PCR(qPCR)
FEEHT ARG 5 16S rRNA LR | BARGL T 8- Bt
Wit FE B blay,,, « blay., A blay,,., , TN B
Kyt A ermB . ermF mefA/E , s T TR 2 B
FEH gnrA T qnrS, VAR R IEHUERL P tetd | tetM Fl
et X, B PR ) swl I A0 swlll B85 T ined]l I
WP Tn916/1545. 519115 B3R 2 7R, PCR X
NAKZ A 20 wL, f15G SYBR®  Premix ExTag™ (Tl
RNaseHPlus) ( TAKARA ) 10.0 pL, 51 F 4 0.4

pL, 514 R 5 0.4 pL, DNA #iz 5.0 pL Fl RNase-
free (Ambion ) 7K 4.2 wL. %% 5E & PCR & I 41
H:M50°C, 2 min; @95%C, 30 s; @9I5%C, 15 s;
@Bk, 20 s; ®72°C, 30 s; ©Plate read, HEZ D
~®, 39 REHE ; @Melt-curve 434 :60°C & 95°C ,
et FH G BRI K A A B 1 %o R, A3 B 0. 2°C R4 A= 7
fi 2. B 8 7= ) 1% 14 B B R e v Uk HEA T
I3
1.3 A0 AR o b

K H S15F/806R 514, %15 e DNA A i 4 8t
A PCR ¥ 14)5 , f#i ] Tllumina MiSeq %f 16S rRNA 1
V4 X EAT I T, AR P 8L 97% 19 )T 51 A
RIPEALBEA B OTUs (#4E 53255050 , fii H RDP (%
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Table 2 Primers for the resistance genes and mobile elements

FEA SIHIFH(5-3") FBR/AVbp B EE/C Sk
bla gy F:ATCAGCAATAAACCAGC; R:CCCCGAAGAACGTTTTC 516 60 [13]
blacry.y F:ATGTGCAGYACCAGTAARGTKATGGC; R:ATCACKCGGRTCGCCXGGRAT 300 60 [13]
blaypy., F:CCCATACCCGGATCAAGAATAA; R:CAGCGAATTGGTGCAGCTACTA 214 57 [14]
ermB F:GATACCGTTTACGAAATTGG; R:GAATCGAGACTTGAGTGTGC 364 58 [15]
erml’ F:CGACACAGCTTTGGTTGAAC; R:GGACCTACCTCATAGACAAG 309 56 [15]
mefA/E F:AGTATCATTAATCACTAGTGC; R:TTCTTCTGGTACTAAAAGTGG 348 45 [15]
qnrA F:AGAGGATTTCTCACGCCAGG; R:TGCCAGGCACAGATCTTGAC 580 54 [16]
gnrS F:GCAAGTTCATTGAACAGGGT; R:TCTAAACCGTCGAGTTCGGCG 428 54 [16]
tetA F:GCTACATCCTGCTTGCCTTC; R:CATAGATCGCCGTGAAGAGG 210 60 [15]
tetM F:ACAGAAAGCTTATTATATAAC; R:TGGCGTGTCTATGATGTTCAC 171 55 [15]
tetX F:CAATAATTGGTGGTGGACCC; R:TTCTTACCTTGGACATCCCG 468 60 [15]
sull F:CACCGGAAACATCGCTGCA; R:AAGTTCCGCCGCAAGGCT 158 55 [17]
sulll F:TCCGGTGGAGGCCGGTATCTGG; R:CGGGAATGCCATCTGCCTTGAG 191 60 [17]
intl] F:CTGGATTTCGATCACGGCACG; R:ACATGCGTGTAAATCATCGTCG 473 55 [17]
Tn916/1545 F:GACAGTATTAAGCCATCAGAC; R:TCTTCCGAACACAATCATCT 142 50 [15]
16S rRNA F:CGGTGAATACGTTCYCGG;

R:GGWTACCTTGTTACGACTT 128 55 _~T17, J

BRI H ) 53 2206 B A FE & b 1 P AT
Gy AT AN R BRI R 45 P A AR S
1.4 B
K H Origin 2017 KA X ARG P/Jﬂ‘wc
7 s ABi HemlA. 0 BRI 40 B @Ei Rk lé]ﬁ
T i [C 5 By H’Mﬁur“ k17 %@Sé}ﬁ% T Geph1
0.9.1 #&f4F, %ﬂ: Spearman HH AT, X”T ARG Fil 2
BRSO £ 4 0BT %5 L AR B R
Cand"co 5' O(Mlcrocomp.uter Power, 'USA) i 'TTJLé“\ﬁ:}"
B ( RDA ) 442 15 Vi e 5 675 4 3 7 ARG
AR s L R,

2 HFR5IHE

2.1 AEYEmiEi

AHFFELL 16S vRNA $5 DAL AR AR A R 35 e
YRR S %, AP0 Al A”0-MBR J5 I 7E 0%
FiAb FE-PR AR A B2 P 16S rRNA A 7S Ab 155 1 4 1%
1 iz, #AR A0 Ji5 e i VS iKF A’0-MBR {5
P(F 1) ,HATER 16S rRNA #5015 ( LA TS i1, F
[f]) J2J5 # 1Y 2.6 £, 431 R 4. 13 x 10" copies+ g~
F11.60 x 10" copies+g ™", XA HEEH T A*0 R+
AEHEA PR & T A°O-MBR JEJE (A0 Ji7
JERY SCOD A8 780 mg-L ™", A’0-MBR J5i i A SCOD
7080 mg-L™") {15 A*O BRI P A YA b
(A RT3 B 4% R BT T Ak B X R TS R
16S rRNA¥E DU I8 53 514 81. 6% F141. 6% .
AR AN AR, A0 Sl 5 e A A e n , i
A’O-MBR il 5 e A i B ReL PR —J7
TS AR IR e A T 25% (VS dilt)
ARG IR R T IR AR M A, S —

=
]
L

ﬁﬂwﬁﬁﬂ%fﬂ%ﬁ%;@% AET, Azoiﬂﬂz&z@*/}%ﬂﬁ
RS AYO-MBR 1%/}32/5/)%5’3&;_%@&7‘_

MBRJ g AU

0
20-MBRA I

20-

*O-MBRAHE R4S

Ha % I X 10 copies-g™!
L]

E1 SiRAMEEIER 16S rRNA HIEAL
Fig. 1 Variation of 16S rRNA during sludge treatment

2.2 Ptk g3t AL

15 P AESIE - IR I AL b L ARG 4% =F J&
AN E 2 R, A0 JRI5 R T B ARG B A%O-
MBR JFi5 e 2 £, ik 5 H AW = 0 o ARG
PRAEE 2 Ve s A e ol AL BE-TR AR AL 4
X A70 FI A’O-MBR 75 8 T 45 i 5 ARG
AR A AR, =35 B ARG 20 AR 1 2. 62
x 10" copies-g ™' Fl 1. 14 x 10" copies-g™", HI I K
4350 78. 8% F1 68. 7%, AT Ui - AW AL A0
5 U H A ARG (R HI D808 B 4. L Hh el ipt ok 34
XL ARG BR300 R 72. 1% F148. 9%, X S
TR B R SO R A 5 AR | H,0, BIImA
KR B % A A AR 2 20 TR L BE TR T ML)
(IR Bt fi2 BF T fRCZE W I B T R DNA Y i
PRUIS00 45 ARG Y 4 Xt 3 B 5 A= iy i TR Ao R
15 B 04 DR AR X IR 75 R Y B ARG L4353
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AR, 5 Z M, AR 2 WAL B A T e PR A Ak i
& ARG MBSO 43 518 53. 5% F1 30. 6%, 1I%
T B T Ak FR-IR 4RI A Y HI R 3 (78, 8% NI
68. 7% ). HHIL AT UL, i T0 b B ) T35 Ve Ak B sk
TR PR TS Yt il

3.5

B sl stll B e

30 B et B et = gnrS
[:] gnrA :.ﬂuqﬁ‘fﬁf :| erml’

25 | ermn ] blaypas;

- blacyy.ag - blaygag
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. B2 SEALEIES ARG EUHEEHTY
u o F1g '2 Vanahon in the absolute abunﬂan@e /l 4 "J
,_of AR’G during sludge lrea{f;lenf ""r! o ,.-"' =

436%:% 420 ﬂ:E A’O-MBR | Eﬁﬁﬁ,“su’ll Al
sulﬂfi’ajl:lrﬁttﬂimﬂﬁ ARG,/E\:U\%EH%W ARG ./
'43 tethﬁ e
WMH&@E ARG ﬂﬂ%m@ﬂé@ ARG W 5 WLEEAE. O
BF9T % AR 4075 U8 P i 2 B 1 ARG 2780 S T e
# ARG 2 XTI A%0 FT A>0-MBR W0 4375 8
FRARIZES] ARG B9 /5 FE, A0 ¥5 98 H R BR PN i 2
ARG, B-NEERE MU IR R ARG 4 Xt F 1 5t
Y5 T A’O-MBR 578 (23. 8%, 1.26% . 21.4% F
13.8%. 0.5% . 15.7% ) , Wi B 2 A s i i 2 ARG
(5 H R AT AO-MBR 58 (52. 6% . 1.0% Fi
67.0% . 3.0% ). LA AL HL 5, A0 1 A°0-MBR
SRS ARG 50 sull 1 sulll . it Toidik
TAb B DRAH LG P AE LTS Je h AR 3 ARG 3
N ermF | [RIE gnrS F bla,,,, , W) 465 3= 5 76 R 4R
SRR, UL ermF qnrS 1 blay,,,. , /215 Te KA H
Pt FE HE IR | B T IG S AL P bESE A IR
RIS R 2 B, 28 K figt Ak B A 75 8 76 TR 4R
WAL G, ermF | qnrS F bla,,,, , W) 46 %5 =F B 14
LS 1 A R g 0 A SO VAL 1y | SR e 1 A 1
FEA.
2.3 PUHESELPRAX AL
Tl T4k B - PR AR T AR X AR TR P S 75 2. ARG A
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