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Progress in microbial remediation of antibiotic-residue
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Abstract:

In recent years, antibiotics have been widely used in animal husbandry, aquaculture and the medication in China.

Many antibiotics are discharged into the environment, resulting in dramatic increase of antibiotic residues in domestic water
and soil. Residues of different antibiotics in the environment change the microbial structure, which is extremely harmful to the
ecological environment and humans. Therefore, remediation of antibiotic contamination is significantly important. Studies
have shown that some microorganisms can degrade and utilize antibiotics, and thus have good application prospects on
bioremediation of antibiotic contamination. However, little is known about the microbial degradation mechanism of
antibiotics. This article summarizes the removal of antibiotics by antibiotic-degrading strains and bacterial flora in recent ten
years, and the methods of using microbial flora to treat antibiotic residues. The future prospect of using microbial remediation
to reduce antibiotic residues in the environment has also been discussed.
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Table 1 Antibiotic-degrading bacterial strains reported in recent 5 years
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Concentration Removal

Antibiotics Bacterial species (mg/L) rate (%) Sources References
Sulfonamides  Sulfamethoxazole Microbacterium sp. BR1 100 40-60 (1 h) Laboratory [9]
Sulfamethoxazole Nitrosomonas Ammonia 100 86 (70 d) Domestic [10]
oxidizing bacteria wastewater
Sulfamethoxazole Achromobacter sp. S-3 100 80 (25 d) Aerobic sludge [11]
Sulfamethoxazole Achromobacter 250 44 (16 h) Activated sludge 4]
denitrificans PR1 wastewater
Sulfamethoxazole Pseudomonas mandelii 50 73 (15d) Laboratory [12]
McBPA4
Sulfamethoxazole Acinetobacter sp. W1 5-240 100 (10 h)  Activated sludge [13]
Sulfadimidine Bacillus cereus J2 50 100 (36 h)  Municipal sewage [14]
Sulfamethoxazole Ochrobactrum sp. 5 452 (8d) Wastewater
SMX-PM1-SA1
Sulfamethoxazole Labrys sp. SMX-W11 5 62.2 (8d) Activated sludge [15]
Sulfamethoxazole Gordonia sp. 5 51.4 (8d) Pig manure
SMX-W2-SCD14
Tetracyclines  Tetracycline Advenella sp.4002 50 57.8(5d) Factory [16]
Tetracycline Stenotrophomonas 10 70 (3d) Factory sewage
o [17]
maltophilia DT1
Tetracycline Raoultella sp. XY-1 20 70.68 (8 d) Pig farm sediment [18]
Tetracycline Sphingobium sp. PHE3 20 40.1 (90d) Contaminated [19]
farmland soil
Oxytetracycline  Pseudomonas sp. T4 100 26.88 (7 d) Livestock manure [20]
Oxytetracycline  Ochrobactrum sp. KSS10 30 63.33 (4 d) Municipal sludge [21]
Oxytetracycline  Achromobacter sp. TJ-2# 50 58.3(3d) Contaminated soil
Tetracycline Achromaobacter sp. TJ-2# 50 63.9 (3d) [22]
Aureomycin Achromobacter sp. TJ-2# 50 65.5 (3 d)
Fluoroquinolones Ciprofloxacin Thermus thermophiles C419 5 57 (5d) Pharmaceutical sludge [23]
Norfloxacin Staphylococcus caprae 5 92.6 (10d) Pharmaceutical [24]
NOR-36 wastewater
Ofloxain Labrys portucalensis F11 0.45 34.6 (28 d) Fluorobenzene [25]
Ofloxain Rhodococcus sp. FR1 0.45 39.3 (28 d)
Beta-lactam Cefalexin Pseudomonas sp. CE21 10 46.7 (1d)  Activated sludge [26]
Cefalexin Pseudomonas sp. CE22 10 90 (1d) Activated sludge [26]
Cefalexin Shewanella strain 5 47.9 (40) EBPR SBR system [27]
Amoxicillin Shewanella strain 10 90 (40) EBPR SBR system [27]
Macrolides Tylosin Achromobacter 50 96.08 (56 d) Spinach soil [28]
Tylosin Burkholderia vietnamiensis 50-500 99 (7 d) Laboratory soil [29]
Polypeptides Polymyxins Baxillus licheniformis DC-01 10 92.1 (1d) Laboratory [30]
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Table 2 Antibiotic-degrading fungi reported in recent 10 years

Concentration ~ Degradation Removal rate

Antibiotics Fungus (mg/L) enzyme %) References
Sulfonamides Sulfamethazine  Trametes versicolor
ATCC42530 9 Lac, P450 100 (20 h) [32]
Sulfapyridine Trametes versicolor 10 Lac, P450 100 (2 d) [33]
Sulfathiazole Trametes versicolor 10 Lac, P450 100 (2 d) [33]
If hazi Ph h
Sulfamethazine aneroc gete 10-30 Lac 53 (1 d) [34]
chrysosporium
Sulfadiazine Fusarium solani KS256 15 S 18.53 (7 d) [35]
If; h le Ph h
Sulfamethoxazole Phaneroc a}ete 10 Lac, P450, Minp 100 (2 d) [36]
Chrysosporium
Sulfamethoxazole Pycnoporus sanguineus 10 Lac, P450, Mnp 85 (30d) [36]
Sulfamethoxazole Trametes versicolor
ATCC42530 10 - %4 E0d (371
Sulfamethoxazole Bjerkandera adusta
ATCC28314 10 - %4 E0d (371
(i
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g2
Tetracyclines Tetracycline Phaneroch:_;\ete 50 Mnp 72.5 (4 h) [38]
chrysosporium
Oxytetracycline Phaneroch:_;\ete 50 Mnp 84.3 (4 h) [38]
chrysosporium
Oxytetracycline  Aspergillus sp. Y7 200 —_— 31.86 (7 d) [39]
Tetracycline Phaneroch:_;\ete 10 Lip, Mnp 80 (3 d) [40]
chrysosporium
Tetracycline Trametes
versicolor 2 —_— 92 (30 d) [41]
ATCC 42530
Tetracycline Bjerkandera adusta
ATCC 28314 2 - 92(304) [41]
li Trich
Oxytetracycline ric pderma 250 92 (21 d) [42]
Harzianum
Oxytetracycline  Trichoderma deliquescens 250 — 85 (21 d) [42]
Oxytetracycline  Penicillium crustosum 250 e 83 (21 d) [42]
Oxytetracycline  Rhodotorula mucilaginosa 250 —_— 73 (21 d) [42]
Oxytetracycline  Talaromyces atroroseus 250 —_— 72 (21d) [42]
Oxytetracycline  Penicillium janthinellum
KS272 15 40.29 (7 d) [35]
Fluoroquinolones Ciprofloxacin Phanerochz.aete 5 Lac, P450 90 (7 d) [43]
chrysosporium
Norfloxacin Phanerochz.aete 5 Lac, P450 90 (7 d) [43]
chrysosporium
Norfloxacin Irpex lacteus 10 Mnp 100 (14 d) [44]
Norfloxacin Trametes versicolor 10 Mnp 100 (14 d) [44]
Ofloxacin Irpex lacteus 10 Mnp 100 (14 d) [44]
Ofloxacin Trametes versicolor 10 Mnp 100 (14 d) [44]
Ciprofloxacin Irpex lacteus 10 Mnp 100 (14 d) [44]
Ciprofloxacin Trametes versicolor 10 Mnp 100 (14 d) [44]
Ciprofloxacin Phaneroch:_;\ete 10 Lac, P450 98 (2 d) [36]
chrysosporium
Ciprofloxacin Pycnoporus sanguineus 10 Lac, P450 98 (2 d) [36]
Norfloxacin Phanerochgete 10 Lac, P450 97 (2 d) [36]
chrysosporium
Norfloxacin Pycnoporus sanguineus 10 Lac, P450 97 (2 d) [36]
Norfloxacin Penicillium janthinellum
KS272 15 —_— 10.49 (7 d) [35]
Beta-lactam Oxacillin Leptosphaerulina sp. 16 Lac, Mnp, Lip 100 (6 d) [41]
Cloxacillin Leptosphaerulina sp. 17.5 Lac, Mnp, Lip 100 (6 d) [41]
Dicloxacillin Leptosphaerulina sp. 19 Lac, Mnp, Lip 100 (8 d) [41]
Cephadroxyl Leptosphaerulina
sp. CECT20013 15.2 Lac, Mnp 100 (15 d) [45]
Cephadroxyl Trametes versicolor
ATCC 49530 6 Lac, Mnp 100 (15 d) [45]
Macrolipids Erythromucin Bjerkandera adusta
ATCC28314 1> - 85(304) [28]
. 010-64807509 B cjb@im.ac.cn
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¥ ASP 5 Fenton AL ol B A SR AR i R K
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FI4E 5 p-lactams 9 ERRZEIE™ Chen 44453k 78
WER C HiEMHm RN, LBHE C MkEmE
U H 6.58%%, 12451 ASP f7AE TG R4 = ik
BUATE oy W I A R, el S B iy FH 32 31—
AR, BT, EAROOIFOBB T S
PEV5 U TR A5 Gk , 752 i 15 YL IR fif 2 1 [ F
RAAR R K A B A . 4 Sodhi SR FF RS A 990 R i
PR . 55 CAS S i 3% 35 T8 UG 1 175 T et
RWMAG, (i mRPHMAEYNESE, Bk =
W T 72%BY; Meerburg 45 FH B R IE TS
U, YT RAEREE AR, e TG TR
L, NSRRI B AR ES B T R T e A B Rt
PR T — AT R 0 S P e R B

THANRAE . BRUR L SN ST I B I 23 5 )
ASP HfiiAE RINREIRRCE: 1) iR AR ARG
TR R B 5 BRI, M A0 2 R Eh A R Bl A 7 3
TR, PO TR B e A 2 i R s
2) WHEMFEMEE S PUE R LR, K
RN Bl T A RN R T U g PR A ) 2
R, BET R FQ B E i E Y 3) [
B[R]0 23 5 M T A R R BRASCR 4 TR Al e 2t
PO B B — A PTE fa RE 2 S g e ] 3
K, SAs S HBFIRACE K ; 4) RIS TS
T R A K, T Huang 25 & B8 SMZ (70 [ 8
BRI MO T MRS 5) SRR E 5-25 d
B, SMZ 19 BRA 0 A 45%4% 5 5] 80%.
222 [EAYIRPIARE

A M) [ W #%  (Membrane bioreactor, MBR)
2T P Ve A FH 5 A U8 B DR R AR 25 A i
Y. SEGWEMES TR R, MBR HA HZKK
JRAF . TSR AR . o5 T AU A R 0 g
e, i HIL TR SR BGE DR A I R 5 I TS
RGNS G T ) — s O B A8 5 A W) L A8 o
HHTA 3 B Or F A W S g #s T &R
JEAK BRI, RIBE B A M S 0L | PBEZE 08 LR W) I

http://journals.im.ac.cn/cjbcn

IO o RN U8 A ) B g 2, WA R LA RAF &
BRACR, EAFERBS Y | BT RE R Ay i o9,

MBR BEAL 45 47 U A ) B vy 4 , WAL 46 R AR
JIE A= 9 [ v % (Anaerobic membrane bioreactors,
ANMBRs). AnMBRs J&ifT 47 H 30 ) — Fh b BE4T
AR ITEKBGHEAR . BRI AR A K iy
AHLYEAC K & S EERTRA, AT DL R
PRSI KA B R TP BRI AR oK, S5
AT 1 75 R A G 4R B A 1) s s s A U A TV 240
4[5 4n Huang 25767 ] ANMBR RS Ab B &4
B-lactams J& 7K 9 el # v e B Sk A h A L Sk 6L IR i
SRR R EBRRIAE T 50%°7, 54, ANMBRs
FEEAE BHLLE BT A 28 R A B0 35 D A9 At A 0 DA )i
ar bR B A EE P E EEAER . ZRGEAEERE
fEPUAER, ARGy, AR &K
K RE S B, R — AR A AR A BT A R IR K AL
A AR

Bifi A I AR TS K HERObR T A B, ROk R £
BTG KA IR TR A MBR AR PR T 24T
Yk, 40 Karaolia ¥ MBR 5 K B BE S ik 454
AAL LR SMX.| LR R, SHME
MBR i Lt , 504785 2 19 2Bk R 5 % #2719 Cheng
SERFE R IR MBRs 5 A WA (A 0K T 1
B HEAR) AIEEG AT LARRIRB S g, fEEmPiE R
iy 2 R B

MBR L REIE 32 BN EE T | BARE . S 2 Fb
R, RS T MBR A1
fe, MBS Y . MY R LBREET T
B i) AN TR AR O3 £ 4E T MBR Bk
fit. Luo SEMFE RBL, TEmERE &AM, Ko
W 2 B, /g R A ) S AR g E R Y
B L5 S 2 TR, MBR Y AR ) 24 Pk R B T R TR 1Y)
K hngetg A, Rt AT AT o 3G i £ TR B ER TR
AR e MBR i RERS). I s Akt
MBR FHTLE 2 BRAR A Bt
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223 MEME

e T 3 e — o S A A HIL BT e A AT I EL Y
AP LS REAR, Bl Z MY e,
AR . FEE RN ST AL . A
MICF, M55 F I 22 A HLIR o % Ak R AT i
MeFR o FUE AR, WAE R R BRsh P28 (F th i %
) — A RO o MENEVETE 20 fH 20 3) oh 0 [ Al
FEHREARTERR T, FEA I A MEE IR AT P
PR, FEARIZE AT A R A RE MR 35 1 .
IS MENE R —FldE o Bl . U A R A R R
A ML R 3 DA A U 2 — A S T i
B, EFHEGEME - AERE G RGE (8
), FEM 4B, BUKM . BRAERN. &
Pt A= 8 T HH e 2 B

Shi ZEFEFAE PN 4 Fp LR Bk K kAT
IFAMENE, 20 d NBLAE R A9 L BRZIRF] T 90% L4
% Inastrazysch Z5 5T & I0K 48 2 T X 7 ik
e 25 W F AR RE A R BRASCR i HAC
(BT B PE 5 3 AR DS, Spielmeyer 45 & 3 it
PSR EE, TRRENE . TR R A DA R A2
FRABRTE 14%-89% 2 8], I Hoi A RIAFTEXS e
FEE A A RO,

HERE VL BT AR ZRIEBR R Z BIMENE Y . IR
SR RMEW, (1) HHEEE R THAERD
TR, Zhang 47 55 R L BERNE S AT
ARG, Wit 99%MHFHE RN 7 d 5
g BRETC Liu S R 85 5 8 T Ak 2 3%
Bt 7T K T ak BL i AT 3 NIRRT, PROREE R 25BR
e 90%LL B, (2) #E . pH. Huang Z#F5T
KB, HENER AL pH fE7F 5.5-8.0 Z P, Ma
25 T G U RE A A S FE R 0 (3) i b
BEASSFBRERE, MdZiRIasREOTR
BH, R TS A SR AR, DI M 43 i ik
33[93,101]O

% : 010-64807509

224 EYHA¥RS

EWHAL % 258 (Bioelectrochemical systems,
BESs) H M E ARt (MFCs) i A: W) Hi i
4 (MECs) PFFA AR, —Fffld: oA
HLA A R SR R 4 A koie , IR Ak i e
Pyl RE f HRE B, B R BT P A A
Brri, UTAERET B A & R i 102100,

KAR5TH) MFC & B A= Py BHAR AR R A 9 B AR
YU . FEIEAWIRAM b, 38 2R A B B 4 A
NHTFZM FEAYHR S, PiA R E
PRI o 7 L AR R A 7T PN A TE PR |, R4
MLAN RGP TR BUAE IR, 10 5 R AR T R e A
Z R AL, ORI AR AR D0,

Hur, SRR BESs R iR
HA BAFRERSOR . I MFC X R IE . SMX
% SAs [FfRAE 85%LL F X} TC HIRF R AR L E
99%, A4 EE F L HAT RLIFR BREORD .
HAF AR, BESs HALUTILH: (1) B4
AMRE (2) ik F LRI (3) wTL
S A AR AN TIR I, R AN R 28T 1 e
HER, HERFEERE I RZ AR B RS
J&& (19 5% g 11071081
2.2.5 THERILHE

B — RN TN E B A .
BEAE KRR T B e 2 e, XS
i 2Pkt T A es , OF HLEA RAFA WL LR
B 1 DO Bl TN I8 T A T TS e I K
AR BRI BT R R e S R K R AR R
B A0 Liu S9K R 2R i e B F 50 pg/L-1 ng/L
R TR RIS MOK I P9 7 d, BB T
12.5%—32.9% 14 124 25 2 A 30.5%-33.6% ) B B 7
R, 2 K W 0 I LA — R A 2 22 B AE L,
Hom-Diaz %k HJHE R 2 A BRSEBR KK , 7] i
MBI KPR AR (2 mg/L)MM Yu 25 HF
SR, TEHFEALIE 6 h )5, RALIHA KL FEmEE
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HREH KA 96.93%, A B S 1) Sk 61 BEWE 14 5% BA AL
oy 7.35%M A, ARk BROGIER I . CO, e JE A
F T8 26 A K FIHT AR 2 A L BRI o 0 B &
FAL PR FEZEH 3 IR A : 1) PR, wek
HARRPRBFFAT L, HA0 RS A i
far, PCEEMZ BN R 5 2) Z208 A i R
TRtk AT s 3) SUREE, ot TRk
PR SRR G, TEPUA RO R
e T L TR AL 3 109

AR, WA MR e S I YT VR B R
AbPRATAE R R K . Guo S5 ) FH s 2N i M5 e Bk
ERFERRBEER, 14 d NHRIEMIE R ERR
AN 46.3%, BAEBRBURIAE T 97.91%M,

3 REHRE

PR — RS ey, sokik, Lo
X PR T B R A BRI A R BE L. AE A
RIREE R, ARV R R IR TAES RS Y
AU R . METRGB T, AR
ik RkREws . EHIVER, R—MEA RS
BREFEPIA RSB Ak . HET, RTA
[a] M 28 B0 A= 2 Al A= W A B A F 5 A RS
BRAROHE o (HBUA BT S AR b TR R
ik TR 14 07 06 5 KA T B 20 A, R IR AR 2o A P
WL K™y WAL RE A I 58 B S 1
PREGSEPR R AR A o O T RERE A= W 1B 2 145 51
HIZWNH, A IE RIETUA R I R A
S BESERT LU LR 5 T - 1) $RFETE A R
SR AEER P R R TR R AR A TR A
RESTHIZ2E 5T o 2) T e X452 2 2 it A s HA
B A RE T B TR R o 3) AR T AR 2R A i
PLHIIBIESE, FZH02 5 TR SRR AR 2 e 1) O i
DRI ST At I , ST H0 A R e A t of 0 AR
4) NG AR O I RGE TR RbR, 2
MR Z R R MR RE B B) Pk HE

http://journals.im.ac.cn/cjbcn

fEbk . WS ARE LR, Fifedl
FLE, EETUERMERSCR.
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