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K, FRATiZEAR P A WBER EM AN, [F k] A8 B [AM 14879 4] & Rpf, i@
HEFHRFTRF>ANZMEMREA CCI2 5 Rpf, FREMFAFZHNZRAAR, tmRA HBE
WP BARBAT AR L ZATHAYBEQRBENE. (LR EFHFTRFZMERE CCI2
J& 5t 230 mg/L CAP FE /K& 4R RN 56.41%48 5 £ 89.98%; M &% M5 o+ & e Rpf W] 4t —
¥ CAP MM F R E 93.53%, I HHE K& 4 &R & (tightly-bound extracellular
polymeric substance, EPS-TB)#) X X432 E R 5. HE 2N 5F 4R AV AF TR T & m Rpf
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Coupling resuscitation-promoting factor (Rpf) with Raoultella
ornithinolytica CC12 enhances degradation of chloramphenicol in
wastewater: performance and microbial community succession

XU Weilong', XU Zhanbo', LIU Sihan', CUI Jing', ZHAO Leizhen', QU Jianhang', ZHOU Jia"'*

1 School of Biological Engineering, Henan University of Technology, Zhengzhou 450000, Henan, China
2 School of Civil and Environmental Engineering, The University of New South Wales, Sydney 2052, Australia

Abstract: [Background] Chloramphenicol (CAP) is a broad-spectrum antibiotic that can induce
stress in functional microorganisms, driving them into the viable but non-culturable (VBNC) state
and diminishing their antibiotic degradation capacity. [Objective] To address this challenge, we
coupled the resuscitation-promoting factor (Rpf) with the chloramphenicol-degrading bacterium
Raoultella ornithinolytica CC12 and activated sludge to enhance the treatment of CAP-containing
wastewater. Furthermore, we elucidated the microbial community succession during this process.
[Methods] Rpf prepared using strain IAM 14879, and the Rpf and strain CC12 were added into
activated sludge to evaluate its enhancement for CAP removal, and high-throughput sequencing
technology was employed to analyze the succession of microbial communities in different
treatment groups. [Results] The results indicated that the addition of strain CC12 to the activated
sludge increased the degradation rate of 230 mg/L CAP in wastewater from 56.41% to 89.98%.
The addition of Rpf into the activated sludge increased the degradation rate of CAP to 93.53%
and resulted in the highest fluorescence peak intensity of tightly-bound extracellular polymeric
substance (EPS-TB). The high-throughput sequencing results demonstrated that the diversity and
abundance of microorganisms in the activated sludge increased after the addition of Rpf, with
notable enrichment of Rhodococcus, Cupriavidus, and norank f AKYH767. Particularly,
Rhodococcus became the dominant genus. [Conclusion] Rpf improved the degradation efficiency
of CAP in wastewater, demonstrating the potential for broad application in antibiotic-containing
wastewater treatment.

Keywords: resuscitation-promoting factor; chloramphenicol; degrading bacteria; microbial
degradation; microbial community

5 K (chloramphenicol, CAP)J&—FlJ ik
PUAER, TEAMANE . HEMEFLINEMbrio
cholerae)5 | A2 A IR YL SR 7 7 ) iz i, 3
A B AR g B AR R AN 25 2000, 40 LG
Y (| N 2% ) (AR /N = s ]
CAP Wy I LABR 1, (H i T H o145 h
EERIEE = S 2 e W e i 5 N i S
PSR AE K AR PRI H A e A o ok, 328 7 2 R
H— R Y IREE SR, R T & 8 A b

RIS AS 1Y CAP SR /K AL B 7 k8 1E JE I

HHr, CAP JR/KMIANE % R EAFEYI1k
LAVEYL, (BYE AR R, IFH Sk
TRTG G o A IR A AR A B T
R FR o e 1k CAP, BA &R, &
R TE R Y AR A R A DR B
A5 PR AL BE CAP JE/K, XF 10 mg/L CAP R
TN T4%. BRI IR A P A: 2R K i
25 5 PR Ry 06 i 2R B RE ) G /K BE T R AT
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SRR A SR R AR RIIE, CAP B R A9 20
B A L, PN CAP K
ISP B T —Fkk CAP [%f# 1 CAP-2, 24 h
%t 50 mg/L 1) CAP F&f# %4 36.3%, Zhao 25"
NS 43 B ARAT %) R S CAP Bl 11 9% IR IR A
[/ (Escherichia fergusonii), 12 d Xf 55 mg/L
CAP M FEME AN 84% HA CAP K fift 1834 45
11 % @ (Metallibacterium)!™ | 5 %2 B 0 i )@
(Sphingosinicella)' 4 . {HJ&, HAIC /514
FNY CAP R B RIS FNRE G BRYY, sxmT
fEAZ 8 CAP Y JiirE 3 BOIB L8 ELA B g DI RE )
A= W Ak F 3 B AELR 1] 15 372 1R 25 (viable but
non-culturable, VBNC), Kb, #BxIIRE A
Pif) VBNC IRZ, A B TA248 8 70 H 2y
CAP [ i B A 58 5

2 I 2 ¥E A F (resuscitation promoting
factor, Rpf)Je i 9 48 5 ok 1) — AP Az A= )
HorWAERK T, BAWREMEY K SN
ERUSB aryE—E R R 2R VBNC IRES, 2=
Jiita 21O e BREL G 16 A fOFT 7 J8 (Ml crobacterium)
259 AN JE B E AR Rpf w0 . 2Rzl K
B Rpf ] 48 LI AT 5 R B, IS
A g v G W ) TR AR O S B A R 2R
Jf H.fit @ 248 7 1 3% th 21 Bk 5 )8 (Rhodococcus)
H1 2 5% B0 7 )& (Stenotrophomonas) F) A8 Xif 3=
B, IR AT DA EER 434k T VBNC RS 1 1k
2K 21 Bk 7 (Rhodococcus  biphenylivorans) A K- |
SR FIORFEMRRSCR . RN, DAEMGE T
fin Rpf, © MIREEHE S H43E55] Rhodococcus.,
F5FT 7 )& (Arthrobacter) . Microbacterium, %
B it A JE (Brevundimonas) . 25411 1% J& (Bacillus)
WA DL Yl U Rk, ABFE R A
Rpf 5 52 56 % 1 0 0 28 (1) /= AL CAP R i TR il 5
2 ik 2 3% [C I (Raoultella ornithinolytica) CC12
AR, HWIAFAE X CAP KK
RO, I A b X AR W B T 4 R B R i
BORRSZm, DA Rpf sk wis 2 5K
TE CAP JE/K M I e 5L al, JF b CAP

15 G BEAR HERT (Y S

1 MR5r%

1.1 #&

i 5 1R 32 2 G (Raoultella- ornithinolytica)
CC12 43 Vi 18 T Ab PR GE R K IR K g PET5 e
201 B 3 K B (Micrococeus luteus) TAM
14879 W4T H AN 7R 5 K 2% 43+ 4 i 2B P 27 0 5%
AR 0
1.2 EHXRE

EFE G (nutrient agar, NA)RE F# 3 (g/L):
NaCl 5.0, &M 10.0, 4% 3.0, Bk 15.0,
pH 7.2, 121 °CK1# 20 min, LMM k55 5S%
SCHR[18]HE 1 o A 5% 3% 2 (minimal medium,
MM) (g/L): (NH4),SO, 0.50, K,HPO, 1.50,
KH,PO, 3.50, Mg,SO47H,0 0.15, NaCl 1.00,
pH 7.0, 121 °CKH 20 min, #4Ll CAP JE/K(g/L):
CAP (W& MK H AR B %€ ), C,H;0,Na-3H,0
1.914, CgH,04 0.281, K,HPO, 0.067, NH,CI
0.229, CaCl, 0.023, MgSO, 7H,0 0.049, f#&iT
# 0.5 mL/L, 121 °CKJE 20 min, ffEICE M5
(g/L) : FeCly:6H,0 1.50 , MnClyH,O 0.12,
ZnSO,7H,0 0.12 , Na,MoO;2H,0 0.06 |,
CuS0,-5H,0 0.03, CoCl,'6H,0 0.15, KI 0.03,
H;BO; 0.15, CAP £ (5 000 mg/L): FRHX
0.5 g CAP T i PlErh, ZRIBKER
% 100 mL, RATCHE 0.22 pm JEEIERR
B, Jr%%, —20 °CIVAE.

1.3 FERFIF{R

AEE . BREZ W (PBS), Jb &%
FERHEARAF, SE5>99%; 41K 4 52
BURAR & . DNA gifbifin & . Bk Bukin &
Ko+ 45 HE A A 42 B R & (Rapid Soil DNA
Isolation Kit), A= T A% TR ()R MARA
Al b AR, R R AL 2550 A R
ANHE] RS SRR, LR T AR MY
A A BRA T s A BT UM 2 4ok
SR, SEAE
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1.4 RpfBI#&

PEEOGE 2087 6 7 T kR TAM 14879 #:/p T
NA WK F 3T, 30 °C. 150 t/min 535 24 h
J5 8 000 r/min &5.0> 10 min, A3 FiEW. M
LMM AR FE R PR IR, 8 000 r/min FRIK
B0 5 min, 82 FIEW, R LMM AR 57
HFE B, R ODgo M 1.0, I 5%
R T LMM W ARKE 53, 30 °C,
150 r/min 538 24 h J§ 10 000 r/min &5.0»
10 min, fH4EFREEMA, H 0.22 pm BYIEREEL
TR B S T—20 °CI A7 £ 1, BN Rpf,

1.5 Btk CC12 BERHI&E

PRBGE BB B B MR CC12 27T NA W]
G 30 °C. 150 r/min 3538 24 h )5
4 °C, 8 000 r/min &5.{» 10 min, {#45 5.
F MM ¥ AR 55 352 BE VR U R4, 8 000 r/min PRI
B0 5 min, 1L BWEWR. BE3IREFMHILHE
MM ARG FEIEVEE ODgop 1 1.0, BRI FE A
CC12 FHAEW
1.6 JEMSEMEEEK CC12 5 Rpf [
i CAP [E7K

SRl E 4 AAFMASG. ZAX R4
(Cl): TEMEISI+CAP JEK; T5le+1t 4
(C2): TEMETG IR+ kR CCI12+CAP JE/K; {5+
L +Rpf 4(C3): MGG R+EE CCl2+
Rpf+CAP JE/K; 15R+Rpf 41(C4): 1HPETE e+
Rpf+CAP KK,

TP YR UCEE BRSO 11 Y5 K Ab B
I, AR EAEB 800 mL, ARG
V5 IR BE Y 4 000 me/L, KRN CAP k&
B MR E) 50 mg/L BEWHEAIE] 90, 140,
230 mg/L. BRI fIN CAP ¥ B J5 43 B0 B ik
CCI12 FIRpf, HA Bk CC12 AR 5%,
Rpf #&h0Hh 1%, AN 7 mg/L, 7EE R
25 °Cizfr. HWBES 8h, f#I1EME< 1 h, 48 h i}
Wk F3EW, 7E 8 000 r/min. 4 °C&{FF B L
5 min, R 5 RO A €35 Ik I A R AR &R
CAP & .

1R SRR 8 335 75 R A Agilent ZORBAX
SB-C18 (250 mmx4.6 mm, 5 pm)@iEk:, K
K278 nm, H:iRE 30°C, #EEEESN 10.00 uL, i
# 4 1.00 mL/min, FshAH A HEHHEE, B AN
afifok, RHSEREVENL(AB=65:35), Fr A e
IR E 3 A FATs
1.7 BasEE & (extracellular polymeric
substance, EPS)HRENS =471 o4

T BIAETE TS U6 40 mL FE.OLEH,
6 000 r/min B5.[> 5 min, R #AGRBOEIRBUS
PET5 e By EPS, B W R £h 9% v i W (PBS,
0.1 mol/L, pH 7.4)fi#= 70 °C, #h5t PBS |
40 mL, FHEZ 50°C, IWHE60s, FFK 6000 r/min
240> 10 min, ULBT BIFBCOBIAES G MISMR G
¥)(loosely-bound extracellular polymeric substances,
EPS-LB)., #M7¢ PBS #| 40 mL, 60 °C/K i
30 min, 6000 r/min Z5.0>30 min, f53|'EHLEE
AN A W) (tightly-bound  extracellular polymeric
substance, EPS-TB) . ¥ EPS-LB ., EPS-TB %t
0.45 um JEMEUE G A TOOCHE R R
PERGAT, AR R 700 mV, B
RETRAETEEYI N 10 nm, % ' (excitation,
Ex) 5 %& & J¢ (emission, Em) 3 ##i 7@ F&l ¥ K
250-550 nm, ZAEEIFEIIH 5 nm, FHEHER
6 000 nm/min, & Origin #4174
1.8 A RIIBARPRE IR E SR
T

o3 5 WA T b A TS U8 R SE 56 5 R R
Cl. C2. C3. C4 RRRWIM TS Iett it k17 i
MRS, IRk 2 B SE s Ay R R A
PR w4 T8 50 P . fdiHH Rapid Soil DNA
Isolation Kit $ZHUFEA) DNA, BEH 5 A
F5 TR 51 (barcode) A 338F (5'-ACTCCT
ACGGGAGGCAGCAG-3")F1 806R (5-GGACT
ACHVGGGTWTCTAAT-3")4 1 16S rRNA F£[A
1 V3-V4 X3, WFE, M5 DA TR
18T 43 24376 359 ZA%UFH . R T B
FE i 8] (%) 452 VE 73 25 51 JC (operational  taxonomic
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units, OTUs)AHXF 3=, B A A4 i i I 2 3%
BEH—fLE 43 243, XEEHBUFIIH RN
OTU, JFHIMMIEE R 97%, ARG IE A 1%
i H (ribosomal database project, RDP)i#17/43252%
2%, FIF Mothur 3145 H Simpson, Shannon .,
Chaol . ACE fE¥UMZ F 4 i1 2% & /KK
TR B %F 2 ASFEAS (A1 A ) A X 3 B 22 S
THess, PFAFYMLE 2 DX HEEAR PR 25 8
FE

A b
2
=14]
)
k=
]
2
3
=
<
Q
C .
150
O 120
=)
é %
o 90 +
5
§ 60 L *kk
a *k %
< k% "'
“ 30
|
0 X 5
\
C’V Ys" Cg\q' Pﬁg& %)352
¥ & v
%X
ka4

1 AEIRE IR ELRE RS F R KRR

2 HZRE5OM

21 ARIEERETAEIKRE CAP EKH
A IER R

ARV A X AN TR VR B C AP TR 7K B R i 0 S
WE 1R, 24 CAP ¥RIE N 50 mg/L i, Hoxt
CAP JE/KWIFEfRRE I AHIE, CAP [EfRZRITE
70.00% 44 (F 1A). 24 CAP ¥k JE 18 Jin
90 mg/L i, G PETS Je+Rpf 41(C4)AY CAP [

B -
f
80
=
E 60
:’ kK
= Fkk I
3
S 40}
< k%
[«
<
O 20+ Hkk
0 5 5
&ow ¥ &
2 3
v & T
S
g
D _
240 |
[
=200 +
g
= 160
5
2 120+ *
(=}
=]
(= 9]
= 80t
Q
40 | 2% - -
i B e s
R S
NS 'ﬁ@ %3&
N
v & v
&
k=

A: 50mg/L; B: 90mg/L; C: 140 mg/L; D:

230 mg/L. CK: JRIR4EFTSIE; AS: IEMET5T(C1 41); AS+CCI2 (C2 41); AS+CCI2+Rpf (C3 4);

AS+Rpf (C4 4),
Figure 1

Degradation performance of chloramphenicol wastewater under different treatment groups. A:

50 mg/L; B: 90 mg/L; C: 140 mg/L; D: 230 mg/L. CK: Original inoculated sludge; AS: Activated sludge
(C1); AS+CCI12 (C2); AS+CCI12+Rpf (C3); AS+Rpf (C4). *: P<0.05; **: P<0.01; ***: P<0.001.
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WO 1B), 4 CAP WRJEH—FWhn=E
140 mg/L, 158K J& C4 40 %F CAP J& /K 1Y B i 5%
Wi, HWREIEMETER+CCI24Rpf 4H(C3)
(1 1C). 4 CAP W 4% = & 230 mg/L i, it
i C1 20X CAP B F /K, 4 56.41%, WhN
FAk CAP [ CC12 B C2 ZHXF CAP [fif %
H 89.98%, 1M C4 4% CAP R#ffRim, N
93.53% (& 1D),
2.2 7 [E CAP FEBRIERBIZHERNN
&

HE 2 aJH, AFEAGEAZ Y EPS-TB ¥4
1 NMEAEE A, FFRIERON T Adadden=280 nm/
340 nm, ZEHEHRELE 200 000-270 000 a.u., Hr
C4 %W BT i =y 5 1 7E EPS-LB 1, FEAE
W HR UM T Ao/ Aem=280 nm/335 nm, Z¢GoRE
1E 90 000—180 000 a.u., Xi)iHH EPS-TB il
EPS-LB B350 PRI Z AN, HHAH
A AV R ZE R AL, 2 R R Mk AR
W=y, M EPS-TB Y5 G IE o, Uil H
HA S Y IR, 15T U8 32 B a4
I EAE DR ) LARHT CAP FHA .
23 AERILERZGAWEDEZEDS
M
231 WMEVBEENFEEEMZHMN

TR W G PR TS Ve W A N ER 4, AEAE
Yk i CAP [t B R E HEAEH ., Sl
W 25 R I R LR H2 A5 Je(CK), &5 VIR
(C1); TGRHERAFELL(C2); 15U+ +Rpf
ZH(C3); {5UR+Rpf H(CHTF U EY B H RN
98.86%—99.23% (F 1), FHIM I FLF 74
TR HIMEY . CK A Shannon 15405
{5, Simpson FEEURAL, ULEHJR GRS IR T
A B ZREPE R . Chaol F8 801 ACE 5%k
5HMAEYRMITEERIEME, mIaT A
i, 7E CAP 13 F Rpf AN RE A5 1L k2 95 )R
G5B E Y, (L R M AR X =
Hm, K Rpf & AXT MR EY A —
EMERESHER. HE 3 B, CK 4

OTU ¥t H&Z, UiWI7E CAP Il T A[E b3
R Z IS Je R0 OTU %k H B R BEAIL,
C4rpaiA ) OTU H %, UL /N Rpf
e TIHAEY R OTU K& . Ihah, Xt
FEm LA OTU LA 190 4>, TEAAMA
) OTU #', C1 #Hi norank f norank o
Defluviicoccales /i LAz, 4 23.08%; C2 42K
BRI (Blastococcus) Fll T 14 J& (Corynebacterium)
A 25.00%; C3 45 FF 1 J& (Moheibacter)
bR, N 3333%; C4 AP EREE
(Enterococcus) . il ¥4+ 1 4 I J& (Elizabethkingia)
1 norank f Mitochondria 5 L% %, #°H4
13.64%, WA GTE CAP WFE T EY)
HIRETE 250 R T I R ARk
232 WMEVEEESMER

TEN TR B8 4), RIS ke i h 22
JETA T ](Proteobacteria) . 225 5[ ](Chloroflexi) |
T ] (Actinomycetota) . FUFT R ] (Bacteroidotay)
TP, 430k 33.96% ., 19.83%., 12.41%,
8.75%, A ARIE T FIUFT R [ TZEA R CAP
JEOK A TR AR FE BE X Rk e, AR
P TTWAER . AE TR ST Ue, AT TR AH
X EETE C1HREARAF A, M7 HA 3 2H
SRS, UHEE C4 dr; Ak, Rk
BRI J7E CL, C2 R C3 4 h ¥ RIS, TiTe
C4 A Ay AR = B2 5 IR IR FE R TG e rh A —
., ULHH Rpf MUEOIAESE T HUFF & T T A
FIHER A K

TEJEKF L, CK 45 E N norank
f JG30-KF-CM45 (6.97%). L% E(Ahnidla)
(9.79%). norank f Caldilineaceae (5.85%)
( 5A), S Ahniella7E AR CAP B /K 4b B Z
Girh LT ok s 2], BEAHHIJCIEAE N, CAP JE
KBRS . METF CLA, B R R C2
ZH AT B T J (Comamonas) (A AF o 42 5 I 25
FEAK, {H 24 2255 & (Hyphomicrobium) |
unclassified f Comamonadaceae. o1 i I J&
(Cupriavidus) ) #7 XF 3= B2 & & 4 (&l 5B);
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A 270000 B 250 000
520 225 000 520 207 143
480 180 000 480 164 286

g e 135000 E Zgg 121 429

:5 :gg 90 000 : 260 78 571

45 000 35714
320 ; 320 3
280 280 > - -
—45 000 ~50 000
280 320 360 400 440 480 520 280 320 360 400 440 480 520
g (nim) i (nim)

e 250000 D 280 000
520 207 857 2al 233 571
w0 165 714 480 187 143

£ :42 123571 E :33 140 714
g 40 81429 94 286

~ 360 ~ 360

39286 47857
524 2857 320 1429
280 - 280 i
—45 000 : —45 000
280 320 360 400 440 480 520
e () i ()

E 160 000 100 000
520 130 000 78 571
aan 100 000 57143

g i 70 000 35714

= :gg 40 000 14 286

o
e 10 000 ST14%
Bl — -20 000 28571

= —50 000 = ~50 000
280 320 360 400 440 480 520 280 320 360 400 440 480 520
e () g ()

@ _ 120000 M 190 000
520 : 95714 520 155 714
480 71 429 480 121 429

N 47143 E 432 87 143

:g :gg 22 857 :} :60 52 857

E 18571
220 2;:?2 20 15714
280 < D - 280 -
~50 000 50 000
280 320 360 400 440 480 520 280 320 360 400 440 480 520
Aoy (nM) Aoy (M)

2 TEVBHEZRAFESEPRISREDH=ZHEILEE A-D: EHAGMHIIREYIER,;
E-H: BG4S MIANRG YRR, AR E: AS{HETEIGIE(C1 41); B FIF: AS+CCI2(C24l); CHIG:
AS+CCI12+Rpf (C3 4); D Hl H: AS+Rpf(C4 4).

Figure 2 Three-dimensional fluorescence spectra of extracellular polymeric substances in activated sludge
under different treatment systems. A—D: Tightly-bound extracellular polymeric substance; E—H:
Loosely-bound extracellular polymeric substances. A and E: AS (C1); B and F: AS+CC12 (C2); C and G:
AS+CC12+Rpf (C3); D and H: AS+Rpf (C4).
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*1 AREMHERERTHSHEMEER

Table 1 Diversity indices in different activated sludge samples

Sample Shannon index Simpson index Chaol index ACE index Coverage

CK 5.090 8 0.023 2 1 398.776 6 1489.394 6 0.988 6

Cl 3.503 1 0.129 0 1 000.005 6 1084.295 4 0.989 7

C2 4.006 7 0.053 1 932.857 1 968.817 2 0.991 7

C3 3.764 6 0.095 4 888.326 1 928.937 9 0.9923

C4 3.648 0 0.1189 1053.279 1 1144.225 3 0.989 5
A Cl B c2

Norank f LiJU-11-161:7. 69% Armatimonas: 12.50% Blastococcus:

Norank_f norank 25.00%
o Defluviicoccales: !

23.08%

Aeromicrobium: 7.69% 7

Acidaminobacter: 7.69% Tarvbuculin 0%

Nitre ira: 7.69% Unclassified f
frosospira ‘ e ; Chujaibacter: 12.50%
Nitrosomonadaceae:
C39:7.69% 15.38%
Norank f / Carynebacterium:
Norank f norank o norank ¢ Christensenellaceae: 12.50% 25.00%

~
Norank p Armatimonadota: 7.69% Sulfurimonas: 15.38%

C
CK
D E c4
) C3 Ereboglobus: 4.55% .
Anaerolineaceae Unclassified f
UCG-001: 22.22% Moheibacter: 33.33% Norank f_ Weeksellaceae: 4.55%
T oneivacter: 35.35% Methylacidiphilaceae: 4.55% EERSEHACEAE, H:0./0
Unclassifed o Enterococcus: 13.64%
Sphingobacteriales: 4.55%
Elizabethkingia:
Unclassified ¢ 13.64%
Nk £ Verrucomicrobiae: 4.55%
Paludibacteraceae: Lactobacillus: 4.55% Norank
o, ! i S
22.22% X Prosthecomicrobium: 4 55% Mitochondpia:
Unclassified f 13.64%
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Figure 3 Microbial community composition of group C1 (A), group C2 (B), group C3 (D) and group C4 (E)

at the genus level; OTUs in different samples (C). CK: Original inoculum sludge; C1: Activated sludge; C2:
Activated sludge+CC12; C3: Activated sludge+CC12+Rpf; C4: Activated sludge+Rpf.
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Figure 4 Microbial community composition at the phylum level across different samples. Those with an
abundance ranking higher than 10 are defined as “others”. CK: Original inoculated sludge; C1: Activated
sludge (AS); C2: AS+CC12; C3: AS+CCI12+Rpf; C4: AS+Rpf.
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Figure 5 Bar chart illustrates the microbial abundance variation at the genus level for different samples (A)

and the statistical analysis of difference between different groups (B—E). CK: Original inoculated sludge; C1:
Activated sludge (AS); C2: AS+CC12; C3: AS+CC12+Rpf; C4: AS+Rpf.
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