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Research progress in microbial degradation of antibiotics
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(1. Ministry of Agriculture Key Lab of Plant Nutrition and Fertilizer, Institute of Agricultural Resources and Regional Planning, Chinese A—
cademy of Agricultural Sciences, Beijing 100081, China; 2. College of Urban and Environment Science, Shanxi Normal University, Linfen
041004, China )

Abstract : Antibiotics, a group of chemicals, are widely used in treating human diseases and animal diseases and promoting animal growth. It
was estimated that approximately 2300 tons of antibiotics were consumed in veterinary medicine in European countries and about 52% of all
antibiotics (approximately 162 000 tons ) were used for veterinary medicine in China in 2013. However, antibiotics could not be completely
absorbed by the animal body, and most is excreted along with urine or feces, either unaltered or as metabolites. Antibiotics entered the envi—
ronmental compartments at high rates, which resulted in concerns over public health, resource utilization and environmental pollution.
Therefore, more and more attention has been paid to their effective elimination in the environment. The degradation of antibiotics by special
microorganisms has been considered to be an efficient method for getting rid of antibiotics from the environment because of its low cost,
simple management, and high degradation rates compared to other methods such as advanced oxidation processes, active carbon adsorption,
low—temperature plasma technology, and membrane processing. In the present paper, the progress in antibiotic degradation by microorgan—
isms and its mechanisms were reviewed in aspects of screening of specific functional microorganisms responsible for antibiotic degradation,
optimization of microbial degradation conditions, degradation efficiencies and mechanisms including molecular biological mechanisms and
degradation pathways. In addition, future research directions on microbial degradation of antibiotics were also proposed.
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Table 1 Degradation conditions and efficiencies of special microorganisms degrading antibiotics
oA Z Rk B 45 s (G54
B-PIMEEE kg EFESEUAT B P41 IRAR,35 C, B AR B3R 3E, 10 mg- L™ Skffasenk 100%(0.4 d)
JFaHES Y SMNO3(JERETE ) pH 6.0,30 °C, %% 120 r-min™, 4%3F(W/V),200 mg- L 81%(6 d)
ST e , R B UM R R R R 5
J A ) IR R EC22 B EER 100 pL, 0D600nm {HF7 0.6 [ EETR , 553 200 r-min™, 92%(1 d)
TR 26 °C, 2% A 10 mL-50 mL', kAT 1 mg- L,
FERRREFRIE+0.1%(WIV ) B FUBA 0.05%(W/V ) BERESR IR
Sk e R EC21 R EE 100 WL, OD600nm {4 0.6 BT , %3 200 remin™, 47%(1 d)
26 °C, %5 10 mL-50 mL™", SR N 1 mg L7,
FEAHIEFRFEH0.1%(W/V ) E R 0.05%(W1V ) AR Y
AN HEREY WA IR SUPERR , SR FHFFHE 50 mg- L™ iYA% (MH) 85553 20%~80%(21 d)
KAWEEE KRR HREER S%AERIL, 38D 50 mg- L MH JE57 5k 40%~60%(21 d)
By ff T 2 AEFFRE AW1-18 TCHLERIETRIR , AR A P 3% M — B I AN U, 42 >75%(6 d)
HoN 2.5%, 15 30 C, 5% 150 remin™,pH 7.0
Brf 2k 2R R ZFHIFFIA Gl pH 6,35 °C,25FE 5 80 mL, AN BRI BE S 0.1% , BT 4 5 2 ik >90%(15 d)
JE 100 mg- L™, BN 0.2% Y RERHATRE RERE I 0.1%1 Fe* 1 Cu®
[TE e iU ER R G6 pH 6,40 °C ZEFf L 40 mL, ZH B HERIVER R 0.05% , B2 14 2 ik 80%(15 d)
BER 150 mg- L™, U hin 0.2% A RERH AT E BRI 0.1%1 Fe? il Cu™
T 2 T 27 PR ZE AP TS G10 pH 6,40 °C, 25kt 120 mL, 4R EE N 0.1%, P 278 & He 70%(15 d)
BEA 150 mg- L™, Us i 0.2% Y AN IR BRI 0.1% 14 Fe Al Cu™
PIZER ™ IEHIRNTZEAIAF I AZI FEREE SR, 100 mg- L BITAE R, T 60 °C, 1% & 78%(3 d)
a2 T 2 B AWI-12 THIERRESEWE, 100 mg- L P2 28,30 <C, 150 r-min™, pH7 80%(9 d)
oy 2 B 25 AT /RTERE AWT0 50 mg- L™ T4 B 2 1 JCHLER IR 3 85%(2 d)
LA BRT 24 T 28 M E—TFik I, 30 °C, pH7
AERM Kb 5 i 30 °C,pH 5.0~5.5, @ 5 i iR 6% , 15 B IR FA 100%(2 d)
TR TR RN NHLC, (AR Sl S IR A
L1 R S MR Ery-E 30 °C,pH 7.0~7.5, WAL T £ # 84%(5 d)
k) 30 mg-lf‘,ﬁ%*ﬁ 10 mg- L™
IR R TCN R TRAT T pH 6.5,30 °C, 10%# &, %4 50 mg-L™ 95%(2 d)
FRE R N ANE R R #3125 r-min™
PR T&HRY i 2 9K ERT 5% B, & OTC 30 mg- L™ MH #5353 35%~65%(21 d)
TR i Bz 0 H- 100 remin™, HXHRJE 70%,25 °C, &7 OTC 50 mg- L™, 100%(14 d)
3% 7 2R BUR AR AES 55 38
+&HER AR SR AT A 35 °C,pH 7.0, 1T RS 50 mg- L', R 80 mL,200 mg- L™ 85%(3 d)
FHGEE IBERHRE A, A Fe*
Pu FR Lo e I AL B WRARIR TE BT W55 A TR R IR 50% 91%(5 d)
TR 0.015%,30 °C,25 mL-200 mL™ 35305, 1% FE:
UEZS | N T TEECMRARIR & B 54 B R A 50%, 94%(5 d)
£ RE 1.50%, filfRH 0.015%,
JELRE 30 °C,25 mL-200 mL™ 33k, 193 5 5
PUFRZRSY PefE I XPY-10 SRIE BRI RIS FIE (R, &A 0.05% FeSOy, 84%(7 d)
BRI 2%, pH 8,34 C, #: 5 100 mL(250 mL),
HE3 180 remin™, TC ¥k h 600 mg- L™
PU PR TGN ZIRF R AT T 35 C,pH 5.5, 3K 50 mL, BEH /& 5%, 543 150 r-min™ 86%(3 d)
R RNV ES P EB T. versicolor  2%ZZ ZFHR U RAAREFR 3L AN WD LM 2 mg- L7, IR 30 °C, 90%(7 d)
B R 150 remin™ SEFMEA 5 oo L7 0 S E I T %
A A ELEA T. versicolor 2% SEPERUYI ARG F73E R UD R HEN 2 mg-17,30 C, 90%(7 d)
B3 150 remin”  JEFEESA 5 g L7 W A LI T
TR TRV FR R AR TR T i T R2A-UV $57# 36 (1 g- L BEEE IR, 0.5 - L A0, 2.5 mg-L*-d"
SMXB12 0.3 g- L™ BERREH,0.3 g- L' AIIEMETER ) , et
AT 20 mL-100 mL™,SMX &} 10 mg L, #3%# 150 r-min™ 2.7 mg-L+d"
SMX330
AT SN T SMX332 2.11 mg-L*+d!
TR PRI ANFT R SMX 348 2.13 mgel - d”

AR HHERTAP)

2RI R IR

5%35EF R, & TAP 30 mg- L™ MH ¥5355E

5%~75%(21 d)
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2.2.1 (A

XFPUE R CE AR, b B R ) aE
(9 ER A R AT 2558, FE I DR TR i 2 1
YT RERS ) LE AR DL Y A A, X U — Al i
A K A PR R B A 3R (9 501 Sl Ay i 3 B 2R
ENGS IR P2 i SEN G ] R SR DN N ITPN
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WA G ZOKG (3R 2) o (R DL 2R AT X 40
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ek fitp 2 A1 ML A R A 7 R — A1 o AR S A
SR A LR H R It 18 T — S HAT R AR pTAE R
RE 20T, (EL I B0 o LR gt i ) oA 2 1 A T
B RTETARS T A I AR T A B
A BRI A RE 7 Y LA, B 475 L TR TR 0 8 B AR
AR i T 174 I8 A R 1 R 2% P 25 29— (R I T 4 T8
(£ 3).
2.2.2 REfRIEAT

W figp i AR A PR AL 5 ) B 2 R 2, X
KA W ) G T A AL B A I S nE A

8 H W 2 18 Wi g R i A U R 2 e

A R LR IS T RE MR M HU A ARG . Bl &
IR ) R SENE T SAB il A 200, X i A/ P AT
() HL S AEE X ELR W R ff = T e b B
K= S ia s i 300 NG I S (e
EERVERAL R,

Prieto %5 SUZERFSE 5 M 11 8 B0 18 Mg A 19 V0 2
(CIP)FI Vb 5L (NOR ) Y T 21 LR 3 9 o 3t s 47
KA R MR i R b 2 B, s T I e A
RUEWMEY M EGVER T B ZAF A PR iR 12
( DUREBARCEL A AL ; (D) Bz 3ttl; (DB AL —
Bk K 2a 7R, CIP MRS L 25451 7 CH, T
JER T Cip-1;Cip-1 WREBLIE A CHN 9% CHN
WX, JERL Cip-2;Cip-3 TE4EF IR HLIE 3 d J5 i
I, IF HAR Pl A, X AT BB SR kA T IR IR R BRI
JE R Cip—4; 55 3 d i KM H T Cip=5 Fl Cip—6, X
Fly=p#R 2 CIP it C-C HMAERTE R, ZJ5 X4
KAHENRE LA (P W24 PR NS 25 bR A fE ARt
YER . TERAR IR 5 HAG T2 T Cip-2.Cip—4 FI
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Figure 1 Sites of aminoglycosides modifying enzymes acting on aminoglycoside antibiotics
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Table 2 Common enzymes and genes in bacteria related to degradation of antibiotics
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