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Abstract ; The organic fraction of municipal solid waste (OFMSW) has become one of the sources and reservoirs of antibiotic resistance
genes (ARGs). It is essential to explore the fate of ARGs during biological treatment of OFMSW. Therefore, the changes in several
types of ARGs and integron genes during anaerobic digestion of the OFMSW were analyzed by quantitative PCR. Furthermore, the
effects of different particle sizes of activated carbon on the behaviors of the target genes and the potential microbial mechanisms of ARGs
dynamics were investigated. The results showed that the total ARGs in the initial system were reduced after anaerobic digestion with or
without the presence of activated carbon. The removal rate of the absolute abundance of total ARGs was 29. 95% -63. 40% . In the final
system of anaerobic digestion of the OFMSW, the abundance of total ARGs in powdered activated carbon ( PAC) groups was
significantly higher than that in the control group (P <0.05). The supplementation of PAC inhibited the reduction of ARGs, and the
supplementation of granular activated carbon had no significant effect on the change in ARGs. The potential host bacteria of ARGs were
mainly Clostridia, Bacteroidia, and Synergistia during anaerobic digestion. The enrichment of host bacteria caused by PAC addition was
the main reason for the increase in the target genes. Moreover, Clostridia might have been the main driving factor for the growth and
decline of ARGs. These results will help us to understand the dissemination of ARGs and the impacts of activated carbon addition on
ARGs during anaerobic digestion of the OFMSW.

Key words : organic fraction of municipal solid waste ; anaerobic digestion; antibiotic resistance genes ( ARGs) ; activated carbon; host
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{ﬁ @ﬁiﬁ Mok T A A AL S 7;:*1:25[[_5;%
P Rt B E%ﬂx’ﬁ;@ﬂ‘%ﬂi%&i FEEF'
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ST BIF ST S BT i R A TR AT AL I R R AR
T A AR LR IO B 28 268 sk i 28 B vk 66 DR i1 o, 2
JEHAR I RUR 5 PRAE L A 6. 1Ak, F BT
FIH ARGs ¥ Z 3G M " Rk, 16 v R T
Tt 3R T A ML IR AR At B AR [R] 2K AL ARG
F1 RHFAE B R B VB A E LA AN I 4, T ik — 20
WoE.

LT I, AT 5 30 3 7 30 7T A AL R R SR Ak
PR TP FR A [R] R AR ) 06 PR 2%, R % 1 PCR
(qPCR) J7 35 0 i3 38 w2 0 P 452 AR 4 3% E s 22 AR
MR AT 07, IR Z Fh A ARGs TS
- DRAE Sl T A7 L I R DR AT A b A AR AR
HE BT IS P R TS % ARGs 47 R ERAE 1Y 52 Wi LA K
ARGs 2L i T AE S AE W ML, U T A 3 Tl A
ML R R ETH AL IS FE TR ARGs AOFE VA HFAE DL e AR
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1.1 JREGHACILT R 5 16 ke

AR S 6 SR P 3 T A BT I 2 T A0 o 2 o s 30 A
TEBE B WIR A T 8 Jet by 3 E B PR 20% KR
10% T %%, 20% &0 3%, 15% + 5., 6% T )5,
5.8%WHE N 8% KEN | T% XA H 7% X HH K,
Rebi E2ZH 30% AEBLFK, 12% 4+ 8%
AN 20% SER | 20% FFE 2 A 10% 15+ B2 41
J. {8 %ﬁ]ﬁ?*%%( Yalixi, XP07 , China) P42 it sy
PR B B A AT A, IF it 10 B L RBR R
TR 5. SRR I L T B A ML R A B
FRRE I A7 10 Hp R R AR TH A S N 2 , 78 S 56 ks 3
PHE T (35 £0.2) CHEEH I 14 d. TEIA R
AHT, ORI PR A ( granular activated carbort : GAC ,
0.84 ~ 1 mmy) F1Hy K i M 5k ( pbwe.red- a("tlv_ated
carbon ,PAC 61 =75 Mm)éxjir%¥7kgﬁ’\(ﬁ{flﬁ}:
v RO L “;_;r’# | f
1.2 R '?JJT v 4

P48 o 355 120 il {PESSEN IR H IWM
990 L. AT B 85 A Rk 5 AR 4 4 2 A Iizlij‘_}.
(mmmmmvawﬁﬁ12MA&fﬁ¢fﬂ“
BT VS B 19 g, B Y VS
R 1.9 g REMA (total solid, TS) 1A 5.4 o K E
RO X HEZH , RO A & e AR & S o, (EAR B
GAC Fll PAC, % & 6 AL FRAL, 43 53 I i AN [a) 591 o
FURLAR 16 M A B} 38 R1(5 g-L™' GAC) \R2
(10 g-L™" GAC) \R3(15 g-L™"' GAC) .R4(5 g-L™"
PAC) \R5(10 g-L™" PAC) FIR6(15 g-L~' PAC) , %}
TEALAN 6 AN Ab P 5 B 3 4T, RAZE i (5
mol-L ™" NaOH 15 mol-L~" HCL) ¥ 1B & 1K R 0%)

i pH (E I 2 2 7. 0. AR 28 AR 26 K S0 7 25

B, I HE LA TIPUETIZS 1 ~2 min, DLRIER N #5
PR AR 2% . Sac i 5 I Ir 4 T I T AR 3 5% R A
(35 +£0.2)C IRHHHEN 130 romin . YY"
LT A 1 S0, 3 85 d.
1.3 E& PCR SAHEBEILE T

I3 SR AR 1R AN 45 Al e AR R IR &
[ F T DNA $EBCHIIAE P73 #r. 4 A DNA 42 Bt
7 & (MoBio Laboratories ) £ HUFE 5 /) DNA | i i 45
I3 366 1 ( Thermo Fisher Scientific, USA ) FH T
R DNA ¥ B R4 . AR SE 86 3R ] PCR 7 35 4
ARGs H&&FFIYNE 16S rRNA 178 = #r, Hhik
H8 Flt ARGs Fl 2 Pl &7 BL RV BHAREE A, (2
FER T P IEH (aadAl) KN RSP
I (ermB F mefd) . - Bk M 25 T M 3
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(blaOXA) PUIRZISPUMEIE A (tetM FN tetQ) sk iz
HHiMERE (sull 1 sul2) A& S TR Cinedd F
intl2) . 3X 10 Ff H bR R 2 SCHk [ 4,5 ] 38 198 ot br
Werb K 0 JL A 8L ARGs A1 AT 2 3 8t 1% JC 14
(mobile genetic elements, MGEs). H b B K R P 1
1P HIME BN 502 1 firos. 5 bR R
B 16S rRNA ZEH 1) qPCR R BAA 220514 10 pl
(2 x SYBR Green qPCR mix & 5.0 uL, 5% F R
0.5 pL,51% R >~ 0.5 wL,DNA #it ly 1.0 pL £
ddH,0 4 3.0 pL) 120 pL(2 x SYBR Green qPCR
mix A 10.0 pL, 5% F 4 1.0 pL, 5% R 2 1.0
pL, DNA AR 1.0 wL #l ddH,0 & 7.0 uL).
qPCR M SRR N - AR 3 . 95°C ,5 min; AR,
94°C,30 s; &k .30 s; FFLEMH.72C,30 s (M) ;
B S . 72°C ) 7 min; Wf#HZR .65 ~95°C 5 s
FHR 0. 5°C. ﬁ%ﬁﬁﬁéﬁzﬁmmﬁ P ] %r
BRI E 3 AT

%t DNA KE i #EFF PCR 43 (519 %9 338F A0
806R) , i i Mumina MiSeq-PE250 £ X} 168 rRNA
() V3 ~ Vd X 347 i Y 2 ﬂzﬁaj:/idﬁyfzc

m%%ﬂ?ﬁﬁwf"ﬁ BR /A F 52 1L #_,.r r
é%r qPCR E’J%l%f‘ﬁﬁuﬁrﬁﬁ

Table 1/ aner sequences and procedures for qPCR
: f J#Exjta“:r_kﬂm
E B (5.- ‘
O FE Y J<§.-3 ) L e B
7 ")
1 U PAGCEAAGCGCEAACTGCAAT A
aadil , TGG*C?LGAA(,ATALLT(,LAA R SSJ
4 F-AAAACTTACCCGCCATACCA
emB e RTTTIGGCGTGTTTCATTGCTT 13960
. F-ATACCCCAGCACTCAATTCG
mefA R-CAATCACAGCACCCAATACG 18659
F-CGGATGGTTTGAAGGGTTTATTAT
blaOXA @ FCTTGGCTTTTATGCTTGATGTTAA 19557
F-AGAATCTGCTGTTTGCCAGTG
tetQ R-CGGAGTGTCAATGATATTGCA 16955
- F-TCAGTGGGAAAATACGAAGGTG 0 56
el R-GAGTTTGTGCTTGTACGCCATC
i F-CGCACCGGAAACATCGCTGCAC 63 sss
s R-TGAAGTTCCGCCGCAAGGCTCG :
F-TCCGGTGGAGGCCGGTATCTGG
sul2 191 55.8
R-CGGGAATGCCATCTGCCTTGAG
. F-GGCTTCGTGATGCCTGCTT
inill R-CATTCCTGGCCGTGGTTCT 19057
_— F-GTTATTTTATTGCTGGGATTAGGC w55
w R-TTTTACGCTGCTGTATGGTGC
ik} CGGTGAATACGTTCYCGG s ss
16S rRNA  GGWTACCTTGTTACGACTT -
1.4 HdEnatr
SEH SPSS 23 (IBM, USA ) #E47 B R 25 5 22 40 Bt

1Rz R b AH 5 M 43 B, R Origin 9. 3 ( Origin Lab
Corporation , USA ) Z: il #JE &, R H R3. 4. 2 2 il #4

=

-

i

BRI SETE SR Gephi 0. 9. 2 #EATRI25 534t

HR51T18

2.1 SRR R AT A R A AR AR 5 )
16S rRNA +5 DU n] ] 7 5 DR 480 Ak 5L ot v
AR RAET R 16S RNA 465t 3=
B RS AL DL K3 PR BT 16S rRNA 254k 1 5% i 4 141
1 s, FEIREIH AW R A R (0 d) H1,16S rRNA JE
R et = 52 (AT 9, IRl A (2.57 x10' =
5.33 x10”) copies-g ' tHEL TR, BE R4 4b, e &
RZ (85 d) H RO (X HE4L) 5 H A HL41 1Y 16S
rRNA 2655 = B SR AIG, R il i, R1 . R2 Fl R3 iX 3
ZH GAC FRINZH 16S rRNA 4%t =+ B W EREAL (P
<0.05). Mok, PRETH A e &4k & rpr, 55 %60 BEA A
It,3 4 GAC ¥Rz 16S rRNA é@xﬂéf“ﬁ%& #H
S HL, R4 RS F1 R6 iX 3 2 PAC FRHNZH rP,16$ FRNA
Y XF E TR :zi%w%%ué1kﬁ$“%ﬂzi¥“ﬁ/%éﬁ
w20 AR, H G,Ac YIRS #T%%EE’J

FEAIK.

2

3.0x10"

2.5% 10"

e

2.0x 10"

15X 10"

1.ox 10" |

165 rRNA# % 5 Ji¥/copies-g ™!

5.0x10"

0

DO -

RO-D85 -
R1-D85
R2-D85
R3-D85 -
R4-D85
R5-D85
R6-D8S -

DO KR 45 IRAEIH AL IR & (0 d) , D85 F/m KA
AR AR R (85 d); * FR P <0.05, ** 3R P<0.01,
wxk FER P <0.001, F[H
E1 REHEATED 16S rRNA g3t E EF Ry

Fig. 1 Variations in the absolute abundances

of 16S rRNA during anaerobic digestion

2.2 E TSRO R AT T AR B SR R AR AL Y R
REWAIS R ARGs 4% = B il 78 4k fn 151 2
(a) iR, FER B LW R B, A ARG 466 % =2 i o
5,4 3. 04 x 10" copies-g . jTZ O AN IS P e
PRAR I Ak d 24 2 rp i ARGs 406 %) 2 B b i 2
fK(P <0.001), i ARGs 5l 3 % 4 29.95% ~
63. 40% . F B IR S AL B XS W1 4R 1A & B ARGs
A R s R, 50 IS s R —
O SxE AR L, R4 RS Ml R6 X 3 41 PAC
NI Hh & ARGs 48 X = B S0 b 3 TR (P <
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0.001), .54 ARGs Hil 980 W 2% T K&, 7 29.95% ~
36.77% . X F W], PAC U AN FI T30 7 A5 AL T ) IR
SATH LI FE . ARGs (4 I D8, 25 AT RE I 1 IR 45
THALEFEXT B ARGs 1Y L BRVEH. Bk R3 LL4h, GAC
BRI L ARGs F ISR TC 18 35 52 ). Ak, 5%
VEZHAR L, 6% rerQ T sul2 A0 ,3 4H PAC FRINEH p H:
‘B 6 i ARGs 4axt = FE ¥ T, W] PAC WA 7
TR ARGs H4%H. X A g /& i T PAC N
R A AR R AR RN, S TR R R A
B F 2R R ARGs B4 58 FEHE.

Bl 2(b) /s T ARGs MY EREE AL, S014R
IRRAALL 25 2 B e 24K & B ARGs BAE X =F i
B E AR (P <0.05) , R0k IRATH ot #2245
P ARGs 159 EHI98. BLAh, #H H T X5 B4, GAC
Fl PAC TANZLEY B ARGs AIXT F B Ty, IR
IR AR 16 T ¢ V5 N 241 ] BEAS A ARGs HIlJa, Hovp
PAC (IR SCR B 5 2. A R AR R B, aadAT
et (5 He e 7, 42 5 1 B ARGs (19 43. 85% Al
20. 73%, H RS2 blaOXA F ermB. RS AKIG , % R

2H I ii)“zﬁim fﬂtlﬂ aadAl . blaOXA Gl ermB ifﬁxj‘_;

- IEIGE T gV AR 1 71 A
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