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Abstract: Biodegradation of antibiotic pollutants by microorganisms has received widespread
attention, to which the identification of microorganisms capable of efficiently degrading antibiotics is a
key. In this study, a strain DM-1 with high degradation capability was successfully isolated from
monensin-contaminated chicken manure by using monensin as the sole carbon source. The strain was
further identified basing on morphological, physiological and biochemical characteristics and 16S rRNA
gene sequence-based phylogenetic analysis. The degradation efficiency of DM-1 for monensin was
determined by HPLC post-column derivatization, and then the degradation conditions of DM-1 were
optimized. DM-1 was identified as a strain of Acinetobacter and named as Acinetobacter baumannii
DM-1. The optimal conditions for monensin degradation by strain DM-1 were pH 7.0, 30 “C, and initial
monensin concentration of 50 mg/L. The strain DM-1 degraded more than 87.51% of monensin at an
initial concentration of 10 mg/L in 28 days, while only a slight decrease in monensin concentration was
observed in the control without monensin-degrading strain. This study indicates that the strain DM-1 has

a promising application prospect in the bioremediation of monensin-contaminated environment.

Keywords: monensin; biodegradation; isolation and identification; Acinetobacter baumannii

FLHER R (monensin, MON) J&—FIREE AV AT E, RSP KREIGFEN. K
BRI AR, WA SRR B RN, K& W IR R £ gk
B, BAPHRGET . ER MR WMIE RLUHE SC I Hok B8 A AR K B Y B BE T R 15
ISR, S SERAURBIA PR EE MR R AT HMEL T, RHEE %
Y, HATR SBAPER R 80%", BHP R RBEEHUAE R (RIEEEERR) sk H
2 AR BR IR B s B b B BT ER 3 4RI B, HOh BRI R 3 AR R Bk B E
Ry, A, EEERRRT LR EUEIS  EEiS (97.843.2) pg/ke!' IbAh, FREEHIRH
SYERFYRARR, BERAKE, ¥z RSEEEEEN R KAEEY . WIS
FEGE A KRR R ™. sk, SEREm R MRS A e\ FEEAN, WA
PG, Wik, R, S0%AA MY MERM R . Rk, BERER R VT YRR
DURZG IR & & 2 MHE AR AL, U™ E MBS — A R ) 8,
ARSI BT SRR R KRR 22 b BT s e AR 2T LGl s R A
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Wy I gt R AR ) e S A T AL BRAIE B2 R DL AIE
M Wy o i A A T AL A 2 i K A 55
SERETA R T G IR AR O Y O R,
WCARMESEAT e R e, H AR R R PR 45T 4
GyK AR SR, R R R SRR T R AAAE IR
T Y i B, X LURHUBLHE N . AR R
ik 2 SR I DS T A R AR PR3 v i S ) [ i iR AR
Z U B AR IREE A AE R T AR i SR kA
PR, X SRR RER 45 10 2 2 1)
REERGUAE RIEMAL Dy A B KRR
I Ak & W siE T EN/N T A i
Ab, VRIS B ARSI . AR
DT o RIS YA, X SRR R A
REERHUA RO IR B TS YL 8 5 A S92 PR
FIMMAEMY A PR B E A RIS YRR
SR T B 0 B R A R B AR T AR, AR, R T
BERETE 2= o AU AR TR AR O F S AR X D i
[ N AMUA — PR EERETE R IR AT 1990 4E 9
MR Bk, BENHENE (Sebekia
benihana) WU, ML, ARBF5E LIS AERH R
NABRR Y, N SERE B AR 5 Y 5 X8 2 o
— PR RS S5 Al SR TR R I TR PR, O X LR
fEPEREHETT T RGMNTY, DUy BERE TR R 5 gL
RGP A8 52 S A mTHE  f A  b E R BEe
RS

WL

1.1 SEEE# Y
1.1.1 EFE

LB WK SR A FiK 10.0 g/L, L)
=k 5.0 g/L, &AkEN10.0 g/L, pH 7.0, KERIC
HLER AR RS FEHL (mineral salt medium, MSM):
(NH4),SO4 1.5 g/L, KH,PO, 0.5 g/L, K,HPO,
1.5 g/, MgSO, 0.2 g/L, NaCl 0.5 g/L, pH
7.5, ME—GRIEEEFREL: W HE P IMA 1 mL
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AR B BERE P VS W (0.22 pm A HLUE
ALl UEBRTA), FENER S E LS, A MSM
WAk, ARAE &

A 85 35 e AR RO AL, 25
3% 500 mL #EIEH, 1E 121 C TR m kKA
30 min, LB AR FRIEH MSM [E 4SS 55 5k
WAR RS FREL DY IE J Fe ), s R KR ET 1.5%
wivy g, KwEBoat, FHA 90 mm — kM
TCW R FRIL A, R S ) ) BT H s A
1.1.2 Z@K&RF

ali Bk 97.7% 1 BLRE B R A AR i (Dr
Ehrenstorfer A H]); 215 7 91.2% M L RE TR R 4N
SRR (AR FF & 25 A IRA R a2k
% AR AR ARA RTHEA A);
IR EMONE RN E]D; RN
m iR 20 . (NH.),SO4 . KH,PO, . K,HPO, .
MgSOy. S ALHN . VO R FN A s (1= 2548 [
b 2E A BR A .

1.1.3 {FBig&E

Waters €2695 73 EI R G0 . 2489 LLHM £+
MAEJEWMA RS (RFEHROARAR);
DGG-9429 RIHL MG T 14 (i AR 15 S0 e
AT IRA A #BK L5 R RR &
HBRAF); UV-5200 #YLL4NAT L4356 B 11
(LT IR A R A ) B URE.ONL (TR
RHRBHEA R A E]); ME204 4rfrkF (B
VAR -FE R Z AU A IRA R, LR IRAH
(TPTT AR HE) ) pH 3T (iR -
FER 2L A FRA F]); OLYMPUS St i i
(AR E A FRA ).

1.2 RKEHE
121 EREERBENESESS

FRULSERETA 215 Y XSG 2ERE 4 5 ¢ B F 250 mL
HEFEIH, A 100 mL 75 20 mg/L B AEH R N
ME—BRVRE A MSM WRKR R, F 30 C.
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150 r/min PR35 5535 7d, ZJ5H 4 mL 5535 W
£ 100 mL 75 40 mg/L SEAETH X A9 MSM {4
BrFRdkrh, B BIRRER AR 7 d, R E
AP PR PSSR SR 2 R, PR m SR
FEBIRE P R AU EE 2 80 mg/L Fil 160 mg/L.
SER 4 R EEYMLE, BURJE —IK 160 mg/L 5%
ST PSR B AR LR - I
SVEEAERAT R 40 mg/L SEREFE Y MSM [#]
SR F, T 30 CHs3E 48 h, RS HEUE
R KD MBIEARNFERREE, LT 5
40 mg/L BERER R M LB BAIE SR -, 30 C
BEF% 48 h 5 P4 BBkt RVE R SN AR
AR R, AT A, HE LB
B WA B0k . Rl
IR M E R TS, H 20% H M AF T
80 °C, %H.
122 FAWBMERE LKW

AT MEE | A AR A KA
P %€ 2 B8 Bergey’s Manual of Determinative
Bacteriology #17 .
123 16SrRNAEREFIINESERGLE T

F AN 4 DNA Mini i) £ (Sangon,
i) PRI RE TR R B A DM-1 R4
DNA. [%f# % 16S rRNA KK PCR 4 1% i
5% 27F (5-AGAGTTTGATCMTGGCTCA
G-3) HI 1492R (5-TACGGYTACCTTGTTACGA
CTT-3"). PCR”Wikdt i E R MBI A BRA
alHEATIN Y, 1B AR 16S RNA B )7
4, Ff&%E GenBank, %i'5H MH447170. f#
FH BLAST # R I 6840 77 25 - 5 NCBI $d 2
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) i#f 17 H
X, KA MEGA 5.0 #ff, neighbor-joining %
AT Z R X A I R G L B
1.2.4 PEFREFERREEDBVNE

W VR A7 % Y 5588 TR 2K R AR A T AR

: 010-64807509

DM-1, ##ZE 5 mL T LB KR 73,
30 'C. 150 r/min A HEJr, ZJFH 1 mL & 75
ERIMAZE] 99 mL JoE LB WikR: =3,
30 ‘C. 150 r/min % %% 55 5% 2 40 3 6 804 K
#, $RJ5, 4000 r/min Z.0> 10 min, BULHE,
20 mL JCR JCHLER AR EE FR IR VER R 2 1k, Z
J& H1 10 mL TG B TCATL AR VR AR 155 5% 56 20 10 e 1
A, RS TR AR, FOTRH  TEE
ODgoo N 1.5 TR .

¥ 97 mL &4 10 pg/mL SEAETR Z 1 ICHL
WA R EE TRIRTIRE 2 h (EL,
30 C. 150 t/min), ZJ5¥ 3 mL bR TR
IOASEER 2, %F B 32 A RV FRIC T JCHL 3R W
R FRIAEZS X R, % 30 'C, 150 t/min
R 28 d, HlfE 0. 3. 7. 14, 21,
28 d BUFE. SR HPLC ¥ (5L 1.2.8) IilE
FEM P SREE R W & i, TR SRR IA RIEE
PR 28 1 TR 3 RN R A R, RIS W I AR BT ODisoo
A RIEER 3 K,

s (o) = S = C

0

K, G 0 dFES PSRBT R M
C AN TR Bsf [] it H BB TR 3R VR 2
1.2.5 REXFEMREE KR ERM RN

k5 % o2 A A A K B R A M e s a3 T
100 mL 7% 10 mg/L 5 A8 % M JCHLER AR 77
B (% 0.1%MER 20) Wik T, HiFREE pH N
7.0, ODgoo N 1.5 TR AR 3% (V/V)
B, %07 10°C, 20°C, 30°C, 40 C.
50 CHEIREIRS, #OLIRE RIS (150 t/min),
72 h JEBUREIN E R ODegoo (H M ZLHEE 2 1Y
Feffe e, BARE R E 3 M ER .
1.2.6 pH XJPERREE K K PERR M RES T

FAMRIE pH AR RS IE R JCHLER A4 RE 77
FEMWILE pH 351 % 4.0, 5.0, 6.0, 7.0, 8.0

x100
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9.0, 121 C, 30 min @EKEH G &M, pH
Xof A figf A 1 K R R gk RESE A BG T 100 mL
10 mg/L SLREFH R W TALER G IR (5 0.1%
i 20) HHFEAT . ODeoo M 1.5 HY T B W%
3% (V/V) HBlEhn, 30 C. 150 r/min Jk 3% 5
£ 72 hja, BUFEDN %E AR T ODeoo T FI1 HE I
RIWRERE, B4 pH FFE 3 ANER.
1.2.7  FIERANR B X P R B A K R PE R M B
ppA0]

¥ ODgoo H 1.5 MIFEER WAL 3% (V/V)
) LU B4 Ah T SERE TR R AR EE 4 5] 5. 10,
25, 50 Al 100 mg/L JCHLER W IRE; FR 5L (&
0.1%0t3 20) , KiFEpH N 7.0, T30 C.
150 r/min PR 3% 5535 72 ho AR 12 h BURE—1R,
T 7 AN [] Bk ] 8 B B BT 3R Ak B
1.2.8 E#gEEZRSYRIERIE (HPLC) &5
SEHENL

3% 55 . Waters C18 {4iiF: (4.6 mmx
150 mm, FERCKIFE 5 um); Waters #1J5HT2E
2 I K 520 nm; FEIR 25 °C; SRR
He, HEE—K-—VKZBR (90 1 10 1 0.1, V/V); Wi
# 0.7 mL/min; #FFET 20 pL; HEATAE R
# 0.7 mL/min; fiTA%EERVIRE 98 C; AT
ARKIEC L, FEE O HE  mR=15 g
475mL : 10 mL,

PR A R A . RERRELAEEE Ry 97.7%
M ZERE T ZONbRVEM 1.02354 g, BT 100 mL
PRSI, A S FE R
KEAEL, FIRS, RIS 1 000 pg/mL 5
RE P R AR R 2 W . A TR AE T 20 CUK
s, R 2%

PRUE TR A . A 25 WS RE TR R A
WERG &, BT 10 mL BT, AR
T A R AN A, A O R L T R A
FERARME TAEW . 100, 50, 20, 10, 5. 1,
0.1 png/mL, fiffF 4 CrkFisH, HAikE =
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= o

Fr F AT AR . B 20 mL WRERTR ,
ZM2IMA 950 mL kR PP, B FUoKE
L BN 30 g FEEE, RS, WU EDE
A7, B A AR

TLRE T EARE RN R A2 . B AR o AR
B, WEZEER, 1 mL — KPS E
WA, o 0.22 um AHLERF HPLC JEFE /N
W, T HPLCNGE o LAZGIHRE (C) Wkisk
#&, HPLC A Wi i fL (4) AL AR2:
il B 7 2K

MSM & 1A 8% 37 J rh 55 68 T8 2 19 52 B0
fb: 20 CrkFEBCH VRAE I TCHLERFE S, 1F
HWRE =), WE 0.5 mL F 15 mL &0
., A 2 mL I, #R%IES) 1 min,
7 10 min, ZRJ5 10 000 r/min Z5.0> 8 min, FZHL
VW, MUTEY TR EIMA 2 mL OE, ER
PR, BIF 2 RO AR BIERT 15 mL
B E . AR Ok BB T,
FR AR ESRZE 1.0 mL, f]0.22 um AL
JEMEISUE, HPLC MR,
1.3 HIENE

i SPSS # At it AT B vy ge it o S it
B, I ANOVA 172 H %, Student’s
¢ test 25 5 i & M, GraphPad Prism 8.0
I} [

2 BER504

21 REgERZERBRERNSE. BSHEHE
B TR A

ZEE. BRI E] 1 AREENE MU
R BER R A ER, 458 DM-1. Bifk DM-1
TE LB [ AR I5 3 b (1 v 52 AR/ (BT
KEE . SLHMEFEES (B 1A). E22 Y
@R MIE 1B Fro, mE R AR RO L6
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FRO, 2 RBIMER . A e (&
D) SR, R L REBEAAORE B, BRAL
A HERELR R . T EEEE . 24 N 2
0
2.2 PEFRE DM-1 AL BHAHEE

A 1o X B RE B R Wi iR DM-1 1Y 16S rRNA
FEF PR X o A 3L, Ftk DM-1 5%
ANEFFH (Acinetobacter baumannii) . B 5
W (Acinetobacter junii) FNFE A SFFH
(Acinetobacter beijerinckii) %5 Z kAN SFF H —
HMETE 95%LL L, AT DIHEN R Pk DM-1 Sh A3

El 1 [E#EDM-1 WEZERS A) REZRR
BXFEME (B, 10x100)
Figure 1 Morphological characteristics of DM-1
colony (A) and microstructure of DM-1 after crystal
violet staining (B, 10x100).

R1 [EEEDM-1 £ HEELER

Table 1 Biochemical identification of the
monensin-degrading strain DM-1

DM-1

Test indicator

Urea -
Hydrogen sulfide -
Nitrate reduction -
Mannitol -
Cellobiose -
Glucose +
Maltose -
Sucrose

Xylose

Note: “+”: positive; “—": negative.

: 010-64807509

W8 (Acinetobacter sp.)o RiE—L 0 & R MK
DM-1 M RGEFHAL, FIF] MEGA #AFxH
15 DM-1 TE A 1Y 22 ok [ 5014 5 e 1) TR AR AL 2 AR
SEREW. MRAGKEWMIER (K 2) mTH,
Fi¥k DM-1 5 Acinetobacter baumannii PS3 i T
[l —4r 3, o —BEmIE 99%. LB B A%
FEFRAEARAREAE . 16S rRNA ARG LT 4
Br, ATLABGE bR DM-1 g0 S R Sl 5 12 Fl
(Acinetobacter baumannii). I, ¥HAar4 N
Acinetobacter baumannii DM-1 (GenBank & 5%
5. MH447170),
2.3 EEEEZ HPLC #HEITELRN 5 E
0f=hva

A 5T R A B AT D T AR R, XS JEL
VAR B 7 Bk v B IBOA R B B RE T R AT AR A
J5, M HPLC #EATR 3 #r, & 3 NEEREE =
9 HPLC #& I AR o #h 2, 5 BB W R 1E
0.1-100.0 pg/mL ¥ FEEEIN, HPLC A il 04 1
G WL R R R, PRI N
y=37 444 x—3 230, R’=0.999 993 (n=3), i L24
W 5% BE A 25K
2.4 [EMEE DM-1 LIREEEFAME—IKIR
B R AR

XTLIRE I K AR T DM-1 MR RE J) ) L
ARSI SE, 28 d NEERETE Uk E AR ML
Fps i v R R B 4 R, 7ELASSRER
HME—BRIERE SR AR, DM-1 AR AE KR
M, ODeo (HAEFFTER FAKF-o Mo, W&
DM-1 Tk ODgoo fHIUAWr B TF, SERET R RS
DA T N O ol R S UL N Y ey 3
DM-1 P& AE 77 045 55 SR BA1 R 2F < P BB 52 1A
Ko HeAHh, d I X SRR T R 1Y B AR AR T 0 A
KB, DM-1 XSEREER 28 d Jo MIREAf 3k 2
87.51%, 25 FAXTHRZL 28 d REARRALN 8.57%,
A RULY] DM-1 O 5568 1 2R 1 e RO A
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Acinetobacter haemolyticus XH900 (CP018260)
— Acinetobacter haemolvticus A01-35 (KC847481)
— Acinetobacter calcoaceticus PUCM1014 (FI816061)
Acinetobacter populi BO4-2 (JQ411218)

L |
0.005

2 RuEZREFEE DM-1 A% L Fit R

| Acinetobacter guillouiae WL-Y3 (KF704074)
Aeinetobacter guillouiae TGL-R1 (KF704070)

Acinetobacter bereziniae ATCC 17924 (NR117625)
Acinetobacter indicus IHIT27630 (KU507503)
| Acinetobacter baumannii DM-1 (MH447170)
Acinetobacter baumannii PS3 (MF784444)
| Acinetobacter junii S-X10B (LI806388)
Acinetobacter junii WAB1886 (AM184227)
<‘ Acinetobacter venetianus MG3 (MH374263)

Acinetobacter beijerinckii ZRS (JQ839143)
Acinetobacter beijerinckii mi01-PW12-OH10 (HQ425647)

Acinetobacter venetianus LARI-CS-48 (JF343142)

Acinetobacter modestus MG1 (MH374262)

Acinetobacter modestus NIPH 236 (KT997474)

Acinetobacter parvus A-X3A (KI806449)
Acinetobacter tjernbergiae DX 14971 (KR094129)
Acinetobacter vivianii NIPH 2168 (KT997477)
Acinetobacter courvalinii ANC 3626 (NR 148843)

Figure 2 Phylogenetic tree of DM-1 based on 16S rRNA gene sequence.

4x10°
= 1=37 444x-3 230
E 3x10°F  R*=0.999 993
=
<
=
:, leoﬂ -
b5t
5
% 1x10°}
(=]

0 10 20 30 40 50 60 70 80 90 100
Concentration (pg/mL)

3 REtERMELE

Figure 3 The standard curve of monensin.

2.5 REXPEMEE DM-1 BIEK KR EIEM#E
EaLkA

HE S ATH, MERENTHE, 72h KN
FLRE A R MR R M B, 10 CRf, ZEEE
RN RN 14.42%, 20 CH N
28.87%, 30 CHI, BSIRETH Z MR AR R0 &k
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12 - - Control - Treatment -=-(OD,, 1 0.4

g 10 +
10.3
g 8 [ =3
- 2
8 6} 102 Q
E, N
§ 10.1
= 2r
[=]
SIN 10.0
0 3 7 14 21 28
£(d)

4 DRREEZRAE—KIRR DM-1 £ KK FE#
iiE53

Figure 4 Utilization of monensin as sole carbon
source for growth by strain DM-1.

64.75%. SIREET 30 CHF, HEREH XM
T IE T I, 40 CHFBERE BT 2 0 % H
35.35%, MYIRIEN 50 CHF5LREH & 1 PR MR
BAK, Ok 8.47%, HZEMLTF 10 CHIAIFEM
F i HAE 10 T4 DM-1 #9 ODgoo (5



T 50 CHI ODgoo 1H, %5 5 15 B B i 1A
DM-1 XK A2 AT, T AR AR A& T
TLREPH R T MR B S . LAk, DM-1 X EERE
B 2 IIREAR R S ODeoo TEIAIBE R 1R EE I T8 2
JeTHE B R, K 1 I IR R A S i i
DM-1 A KAEHL, IR ZSgm i BERe &R
IREARRE ). DM-1 7R3N 30 CHIKMT,
72 h J& ODgo fHiEE e, 4 0.5 7247, K%l
KA, WAL SERE T R R W&, UG
B DM-1 fideeid A= K MR 2k 30 °C.
2.6 pH XIFEERE DM-1 B4 € R H & iR &t
paliofAl

AR pH X BERE TR 2= /51 A3 R A 7 DM-1 4 i
A LR e 1 g 25 ANkl 5B R,
pH Xt 5L BE B 2% A B DM- 110 A= K 10 Ao fi
PEREA BRI, BEE pH MM, PR
ODgoo fHEFC T G T RS SERE I R %
fRRbbEE pH WA L, RIUET SIS REALH
M. FARZSRUIREE R DM-1 1A KIS
SRR R AR IE M SE . B4, pH (K
T 7B, DM-1 [ ODgoo EAILT 0.3, BEHIERTE
IR BB I 25 00 AR A TR P 2R, T S T R e
PSRBT R MR, 7 pH (R 7 BISMF
T, DM-1 ##k 72 h J& ODgoo (I EI e, N

A
80y = Degradation = Growth 0.6
X 70+ —
< 10572
s 60} A <
Z 50t 048
2 40} 103 %
= =]
g 301 {02 &
& 20
2 1o ’—I—‘ 10.1

ol L1 1. g

10 20 30 40 50

Temperature ('C)

& 5

ov}

Degradation rate (%)

1.2 47, SieW R MERAR R, U]
DM-1 BRI 53 5 ff pH o 7
2.7 WIERIMIKEXTBEREE DM-1 BUAEK
K ELpE AR EE IS0

R T 25 BRI ) b vk B B R T 2R X e R R
ff R AR DM-1 A K B RE T 52, AR
Wit T 5. 10, 25, 50 Al 100 mg/L FoFp ik 1
TIRER R PRI R . E LML (pH 7,
30 ‘C., 150 r/min) "', 23k 72 h BEEFE, A
WIHA TN I BE X DM-1 [ E 71 i 52 M UL I 6.
MELRERH RV S mg/L B, &3 72 h
HIREFRVERT, DM-1 XFLA L 5 e BE o A R
B0 29.7. 62.5. 1959, 436.8 Fl672.6 pg/(L-h).
DM-1 XF W AR E N 5. 10, 25, 50 1100 mg/L
SLAETH 3R I PRI 0 R 42.24% . 41.87%.
61.02% . 65.37%F1 50.81%., | iR%E RV,
FLRETH R WA X DM-1 AR i P it ik
WERW, £ EuBENEREREKEASH
FI TR R A REME, BEE ISPk B i 4k 2L 7t
L B REY 2R R, EAk DM-1 kE
BRI IR Z BN, R TR, H
FRRI IR AN N BE R 50 mg/L B bk DM-1 4 5%
iR, K% 65.37%, ZHE NHEE DM-1
) B3 5 RE T 22 W) IR S Ik B

80 - == Degradation ——Growth 1.5
70 + .
60 | 12 £
50 t 09 S
40 + =
30 | 106 2
20 ©
s ] [T
0 : : : : 0.0

4 5 6 7 8 9
Initial pH value

AELEE (A) 1 pH (B) Xt DM-1 41 X P& AR GE AU 520

Figure 5 Effects of temperature (A) and pH (B) on growth and biodegradability of DM-1 in the mineral salt

medium.
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=100 -o-5mg/L
0 -a- 10 mg/L
E gl 25 mg/L
s - 50 mg/L
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Figure 6 Biodegradability of strain DM-1 for

monensin at different initial concentrations in the
mineral salt medium.
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