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Abstract: Wastewater from antibiotic production usually contains a huge amount of antibiotic resistance genes (ARG). Therefore, it is
essential to study the dissemination and control of antibiotic resistance during the treatment of antibiotic production wastewater. The
mutual influence between microbial community evolution, wastewater characteristics, and ARG was investigated using high-throughput
sequencing and a variety of statistical analysis methods. Results showed that the influent characteristics had only a marginal influence
on the microbial community of each treatment section. Methanogenic bacteria and sulfate-reducing bacteria were the dominant microbes
in the anaerobic and anoxic tank. Chemical oxygen demand (COD), NO, -N, and PO; ™ -P exhibited an intimate relationship with the
microbial community, whereas biomass, NH, -N, and COD showed a strong correlation with ARG and mobile genetic elements
(MGE). In the sludge, more genera (including pathogenic bacteria) were significantly correlated with ARG and MGE than that in the
wastewater, indicating that bacteria in the sludge had a greater chance of acquiring pathogenicity and resistance. Therefore, more
attnetion should be given to waste sludge from the treatment plants of antibiotic production wastewater. This research could provide
further understanding of antibiotic resistance dissemination and control during wastewater treatment, especially for antibiotic production
wastewater.

Key words: spiramycin production wastewater; microbial community structure; antibiotic resistance genes ( ARG); pathogenic

bacteria; wastewater characteristics
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Fig. 2 PCA analysis of microbial community at the genus level
AL AR E— 2B B R B 3) B2
) L A B A Desulfomicrobium ((114.93% ) |

v Desulfombno( 5. 93% ) %F KT f@»ﬂ@ﬁﬁ;@“ l?il)%
A Parabacterozdes E 14.75% ) | ProteenLclasthum
(9.97% ) Tnchecoccus ( ._48‘ 22% ) M Desulfombrlo,.-
(7.57%) # Desulfpmfcrobmm xsﬁﬁlﬁ SO Fﬁ]lﬁ-"
Eﬂﬁtﬁiﬁ‘ﬁﬂ 22 ey Hh 1 7 TR ( stlfte
reducing bagterlaz; SRB) , AT DA AFLER | PN R iR \HE;FH N

ZWR AW Sk L Pl O 5B R R
Desulfovibrio W1 J&—F LR ) SRB, 3 Al Ll £
Pl K Ak A 9, /0 BB R R A A 0 T RCRE
Parabacteroides J& 45 % I ff A FH B 4 Mk R AR B
Sulfurospirillum T J& K 2 4 T Al 75 A B iS %%3
T A, P ICA DL AR, LT DL LR Rk A
A1 R v - SZ AR TS G ), 3 AT 3 ek R A v
FREREHE [ B2 K8 Proteiniclasticum Sz 4% IR
SRR 1K M A T, U R R AR R G
Trichococcus BE%HTT%:M‘E*%%F@Z , W] ) F A [F]
BRRAE R R i A o A A AR A

&= BE Ao 1) L W B N Methanosaeta

(125.06% ). Kosmotoga ( 6.24% ). Desulfovibrio
(5.15% ) # Desulfuromonas (4. 81% ) g:f; T 2= R A
WAL #w R 5 F 2= AL, A Parabacteroides
(15.36% ) . Methanosaeta ( 12.43% ) . Desulfovibrio
(6.48% ) Fl Proteiniclasticum (4. 42% ) %%, i B IR &
WwHNH = Wk E Methanosaeta s K f#
Proteiniclasticum ﬂ] 72 R T U Parabacteroides F .
Desulfuromonas Wil it F AL L BRER S EE H B A K L
A REAHA DR 5 1M Ignavibacterium W F] FH 2 Fio
FE 77 A= A LR, 2 v A LT e W) 110 B8k 0%



9 1

B =3 IR R 3R KA B A R R AR A A K SRR S P A 22 (8] 56 2 7 B

4361

Desulfomicrobium
Parabacteroides

Trichococcus
Desulfovibrio
Paludibacter
Enterococcus
Proteiniclasticum
Sulfurospirillum 336
Solitalea
Arcobacter 2.08
Azonexus 0.80
Geabacter ~0 .48
T Clostridium_ Tl :
3 Desulfiuromonas -1.77
_E Methanosaeta -3.05
Kosmotoga
[,— Aeromonas —4.33
|— Rheinheimera -5.61
|,|: Acinetobacter ~6.90
J TM7 genera incertae sedis )
= Flavobacterium -8.18
Pseudomonas
T Ignavibacterinm
Gpd
I Vampirovibrio
= Thavera
Steroidobacter

S1 S2 83 A3 54 55 A4 A5 Al A2

Desulfomicrobium A AR 1 T , Parabacteroides N B ¥ K & |
Trichococcus N BERE & , Desulfovibrio 73 R IR 1% J& | Paludibacter
JTBATF TR & |, Enterococcus 9 W BR A, Sulfurospirillum > W #iﬂ@
W& , Arcobacter N 5 TUAT B | Azonexus N [F BB & , Cea‘{acter
AT B |, Clostridium_ 11 A2 1 & 1 Desuljummonas j?ﬂﬁtﬁ
T J& , Methanosaeta j] e N B BR T Aerpmonas HAR %ﬂ@ L?pl -
& /lcmetobacler 7(71 3 ﬂ 53] E F[(wobactenum Fjﬂ ﬁ ﬂ: Eﬁ,aﬁ’r
Pseudom.qnas jﬂ fE} ﬁl}}@ % J& , Ignavibacterium H m ‘}T Iﬁa%
9 0 1, Thauera” ool 2 R, 8t

Steroidobacter j]ﬁfl?j?ﬂ:m_ﬁ B AN S O 10 A@E M@E%
L 2 ﬁﬁﬂ’uﬂrﬁtwﬂ 'Y F | |
{ o I/ B3 Bk F B¢ A FA f

Flg 3 Heatrr],fp of| the mlLl"Ohldl community atPthe germ"4 levél .:-"‘”

e

Ignam[gfzcterlum &EBT%@M‘J—‘Eﬂ( MR R KR
AL T R B BRI Thauera
(0% ~0.01% ) I Arcobacter (0.22% ~0.47% ) F &
AN (XL R TE R R T 2 LA NOy R 152
PRIEATIRIR AR P AR 20 T8 T R AL T RE A, XoF
PRAAGSFENO, -NI LB R e EH]. Ah 21
fiF R 6 AT 7= W e A B i AL B 45, B2 cop/
NO; -NJy 121. 43 ~15. 18 MBS RCR R AL AT
FEr R4 A COD/NO; -N i fE Ry 23. 95 ~29. 29,
REBTBENO; -NFEMK T 16.99 ~20.91 mg-L™",
W HERT , AT PR SR R v 4 U IR BR 1 B il Ak
YERISE, Al ek 5 7 F e S A Al 5 1 AT G
R4 0 TR T 45 4 5 DR A AR L, A 3 A
5 LA 7= B ke B BE T AN B AR 2D BB W A E2,
Methanosaeta ( 11. 38% ) | Desulfomicrobium ( 6. 69% )
F1 Desulfovibrio (4. 44% ) %5 , - HLEk 480l P4 e EL R it
HHLY AN A AL ) D BE TR Arcobacter | Geobacter Fl
Thauera 55 T &+ B2 THEr Bk 2= i 4801t 0 35 T s oy
S T Ak T BB B Arcobacter (5.60% ) I Azonexus
(2.86% ) LA S KT DIRE TR Parabacteroides (4. 64% )

Vampirovibrio A,

HN Trichococcus (1. 82% ) 5. M Ah, Bk 2=kt 48 1 [z
AL TR B F R i TR FE A, X S Ak g A
NO; -N¥R FEACHR 200 A O, e Ah , DRAECH b S Ak
B EE N Thauera F Arcobacter , S8 A Thauera .
Arcobacter Fl Azonexus , "] WL Thauera ¥ & )2 55 & 4F
TEIZEN. AV R AR R R KA B
H Thauera J2 5 B2 (1 IR LD RE B >
B AW i A w1 Gpe F
Thauera. FKZE548000 H 9 UL 3 T 8 RN A8 2 At A
oL, {2 = 370 /Y O 35 B B 22 B Flavobacterium
(23.60% ) Pseudomonas(9.18% ) . Gp4(9. 02% ) Fl
Acinetobacter ( 7.72% ) 5. F. Fk Z& — Ul
Flavobacterium F FE ¥ Ft & (34 0% S 0.08% #1
23.60% ), e = = ) (‘ammonia oxidizing
AOB) Nltrosomonas A1 ﬁﬁ il\ hAa ﬂﬁ ]
(nitrite oxidizing bacterla NOB)NLtrosera,E‘ﬂé'ﬁ 4y
ijgo 02% ~0.40% F10, 09% ~ 0. 48 %. Xﬁi‘%hl‘)’l‘fx
j&l@%@?ﬂﬁgf@ﬂ AW I U‘ﬂ)ﬁ‘é#‘f&i
ﬁ*ﬁﬁ\jﬁ @ﬁﬁﬁ?ﬁﬁiﬂ(kﬁﬁﬁ qﬂ’ﬁ#ﬁ%ﬁﬁ
( ammonia Ox.ldlzfng af¢haea , AOA) fﬂﬁéﬁﬁﬁ q:' Af
figlt AOB ﬂiﬂ?i%ﬂ’]@ﬁﬁm JH le-‘ﬁﬁh Eﬁ'i%
1‘40”']@] AOA HESES NLtrosera Eﬁé_ ¢E’J$
R TR (SFH 0. 43% 710, 17%%.) ]
% Lt Al 1 1 R NO, -N B NOB 41k

bacteria,

| NO; NI LR 5, R 5 7 2 NOS N BB,

4, Flavobacterium TE K 2= — UL M 1 3 & & 34
23. 60%, 1% i J& 1l iR JEENO, -N A NO, -N, it B 310
WP AT REARSE K A= SO AR AE T, 9 T BE S ENO, -N
SR I, Bk R 0T AR I TR BE B Nitrospira
A FEFER Flavobacterium BIFFTE | /123 ANO, -N
o A A R AT Y FE B A

2.3 IBTEBUR L

H T TEBOR E DA R £ ) T T g™
At 241 DA T S B B0 M RN 25 P PRt AR A
F4E VFDB ( http ://www. mge. ac. en/VFs/) B8 15
rh i E B0 R S, E 5 T IR e R R 2K
KAk P A P PR SO A AR L. X SEE
o T A PP A0S T O I, T LA S T oK Ak B
PP AN R TEEOR AR 2%

UNIET 4 7, BE7K A = B 550 v ) T R B0
WM FEE N 1L.73% ~ 13.78%), 1I 4%
Desulfovibrio | Clostridium
Acinetobacter I Pseudomonas , K 58,33 B2 %F #8 43 V& 7
W T A9 A B B U0 Enterococcus B8 T
3.18% ~ 4. 04%, {H 1 2= i & 7 ¥ 1£ B @
Clostridium /) F & F& &5 &k 2= 8t & o 2 X

Enterococcus ., Aeromonas .



4362 EZN b}

Desulfovibrio Fl Enterococcus [ ) W ‘. & L T & 2.
BEAI, JLT- T VB AE B0 R A 3 B A 4 SR i 2y 2
R U I G R A B T R Vs A O TR A R
TR LIT. 1T 00t Hh TR SO B R R (5 2
FFKZES BT T 0. 04% F117.38% ), Ju HZFkZE
UL H Acinetobacter 1 Pseudomonas Y 3 & K Iig
Hehn, 3 AT BB T RKZE UTHNO, -NAY R R iE
TR ELAT B AL D 1 A v AR B0 A G AR, S
PSR, 7 2 00 S K v A O TR Y A T AR
Ttk b B AR TR ZE 0 K P Y R O
A B D e TR K, T AL B e R 2 R K Ak B e
Xof VA B0 B A IR I AR
2.4 KTFFIEXT ERELSE AN ARG 5200

AR TR i BT 5 SR e I IBE A 2R I 24 1k
IKZE AP0 T AL FR ered | ermF | mefA |
mphB 1 Tn916/1545 )45 X%} = J& ) 2>, i ermX |
intl1 F1 ISCRI ) 45 %65 5 B2 W AT Bl 38 0, I H. ered |
mefA F Tn916/1545 15 % 75 1y 1) W 80 0 0 F K
Z AE RS b AR AT RDA it — 4 %
FEPE KA A AR R ARG BT MGE ()45 i
L KT R A A 9 B (51 ﬁwﬂ S Cad T
1 #RDA %) }iﬁﬁ%ﬁ ARG 1 MGE 25t ﬁ@%ﬁ:&
92. 20%,ﬁfh¢ﬂ1 1P REE S 70. 68% q‘:ﬁaz f ﬁﬂﬁ
JEN 17476% . 165 rRNA NH*-N%H COD/ % ARG |

ermB |

il MpErH’Jﬁ}%EﬁE%-%HH,,\ i 16SARNAYCEE R
Sl A 3 ered A erm B 53 1

08 | (a) K ASERT ARG RIMGE S} iy o0
S
=
=
=
-
(]
-4
16S rRNA
-1.0
-1.0 1.0

RDAL (70.68%)

S FREFEFHEN, A FORKERE N L OF LRI R B, 3 @ FF LUK ARG, MGE FIYy Fh 42

2. Parabacteroides; 3. Sulfurospirillum; 4. Desulfovibrio; 5.

Methanosaeta; 6.

et ()
w4t [T
— it [

2
¥
=
HF
B4 BARGESEDEEBRENEEETN

Fig. 4 Variation of potentially palhogemc baclena.

it
R4t
ER LR
DA

[ 42 &
[ Pseudomonas B Acinetobacter I Clostridium
5 I Aeromonas B Enterococens [ Desulfovibrio
16 mE
S N
X 075
=
# 0.60
045 e
0.10
0.05
2 2
S ¥
11 =
=

duung wastewater treatment” Hf 5 i
Fi]

%, 1 COD '? Tn916/1545 . mphB Fl ermF,E’Jéﬂﬁa
VIHISE. 5351, inull 8 WA 1 ARG 7J£3F%E’JE
ThREw Y Hjﬁﬁf}fﬁﬁ B %5“‘ ﬁk%'%ﬂj
7J<EF'ermxé@ﬁ%ﬂ$ﬁxﬂ$f“i’3%i*ﬂn;t%& ﬁ:b}?ﬁ
RDA éﬂ‘}?ﬁ;‘“ﬁ% ermX ﬁmtﬂ BEE, EE‘EU% ermX"i&
ﬁﬁﬁﬁﬁiﬁf/wmg lﬂﬁ?pﬁztﬂykqn ermX Eﬁ

T :
A 5(b)FJ$/T KT ?FXT@E%DE@%%J”EE%J(
b B AR B A A R Ry 94, 40%, Fhrh
1B RERE Ry 48. 29%, Bl 2 AYFRFRIE R 17.99% .

1.0
(b) A AL 25 Fa iy S
, Mgt
S
3
1
3
=
-1.0
-1.0 1.0
RDA 1 (48,29%)

i (JB/K¥E) 1. Desulfomicrobium;
Paludibacter; 7.

Enterococcus; 8.  Trichococcus ;

9. Proteiniclasticum; 10. Aeromonas; 11. Clostridium_Ill ; 12. Kosmotoga; 13. Acinetobacter; 14. Desulfuromonas; 15. Arcobacter; 16. Geobacter

17. Ignavibactertum; 18. TM7 _ genera _

incertae _ sedis;

19. Azonexus; 20. Pseudomonas; 21.
24. Steroidobacter; 25. Solitalea; 26. Rheinheimera; 27. Flavobacterium

Vampirovibrio; 23. Thauera;

Cpd; 22.

B 5 sKEEEST ARG . MGE 9% AR BB &2

Fig. 5

Influence of wastewater characteristics on the distribution of ARG/MGE and microbial community structure
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