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Abstract:

Biodegradation of polyurethane (PUR) pollutants by microorganisms has received widespread attention currently.

Identification of microorganisms capable of efficiently degrading PUR plastics is a key point. In this study, a strain P10
capable of degrading PUR was isolated from the plastic wastes, and identified as a bacterium belonging to the genus of
Brevibacillus based on colony morphology and 16S rDNA phylogenetic analysis. Brevibacillus sp. P10 was capable of
degrading 71.4% of waterborne polyurethane (Impranil DLN) after 6 days growth in MSM medium with DLN as a sole carbon
source. In addition, strain P10 can use commercial PUR foam as the sole carbon source for growth. Brevibacillus sp. P10 can
degrade 50 mg PUR foam after 6 days growth in MSM medium supplemented with 5% (V/V) LB after optimization of
degradation conditions. This indicates that Brevibacillus sp. P10 has potential to be used in biodegradation of PUR waste.
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1 955 B 7 7 Fusarium solani . & VP 1% 2% % £
Candida ethanolica . 45/ fi 22 ¥ £} Candida rugosa
DI K A% i Cladosporium sp.#f#k & ¥ EA PUR
W e g S RETOMA) v o M O A e R o I M
FITSHE & ¥ PUR 19/ 3 o gl

HAREENRE, REHTTE PUR A YR
W E LU T LR (B2 2 H IR UL
AR K i B R T TR R PUR 7K i T35 1 1 iR
55, XA A T BAR 2 5 1 BUAs SR my iR, il
S YT R o AN 2R AT A Bacillus sp.
FA T it BE % 76 P I PE PUR Pl BB B KK i
PEl, SR DAY PUR SRLHI TG L & 15 [ A 3
Ael R, FEOFE PUR 50 R i B i 1 [7] B o
NZ T E RN PUR 3RHIPEARL . ABTFSE
JEFFIRL B S 1 R SR R v AR A A B
P10, i XL R MRS 1 2= R, R I
PREELL PUR N ME—BiF A TA A o FRATTE— 204K
I8 TR R Gk T M S ol B o5, 9F
el FH T v 2R G 78 3R I T 4 25 4 1 2% A R 1) o8 f
T WP A B, Bk P10 AEA AR H 51T PUR
WY IR RE ST, MR PUR R HA
—E R BERRCR . RUIFE M P10 78 PUR SR Y
o i 0 3 HL A — 22 I T R M (B Ay FH i 5

1 MRE5FE

1.1 SRIGwrH
1.1.1 BB PUR BB 5

AHIFSE Al FH B AR PO 43 89 R Vi 4
T BRI AR A, O AR S R AT R
B B PUR 8 RE A = 9 K 1 R & BiR
(Impranil DLN) g3 H (Bayer Materials Science,
PA), Mk PUR 484K [ /il K T AT R .
1.1.2 BHREMEELNNEE

(1) LB #fkE;3%3E. NaCl 10 g/L, &K
10 g/L, WERERY 5 g/L, 7E 121 CH&MF T mEKH
20 min. FYEAN T M PRAFETE 1L -

(2) BHERFE (LD): & 0.2% (V/V) Impranil
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DLN 1 50% (V/V) LB 535 .

(3) MEfATGEE:FHE (MDA): JCHLER B 373
(MSM)y—i R 4% 1 g/L, + K& BEmR a4
1.5 g/L, BERE 88 1.5 g/L, — K&
0.01 g/L, L/KAGHER.EK 0.001 g/L, L/KEGHER
BE0.29/L, fENHEMBEFE, W pHIER 7.0,
IOAZENE 1520 g/L. 121 ‘CKH 20 min. KFE G
HEA 1% (V/IV) B Impranil DLN,

(4) WK EFEIE (MD): & 0.4% (VIV)
Impranil DLN ) JCHLERRE F7 2 .

(5) WEBRZE ML E (50 mmol/L pH 7.0): A
W (NaH,PO,-2H,0 3.12 g), B (NaHPO,-12H,0
7.179), Al TAEBK, EHE 100mL, AR
5 B 39 : 61 LLBEA, JFF AL 400 mL.

(6) ASHEZE T E B EE: 25% (VIV)
VS W ; 1 mol/L HCI; 1 mol/L NaOH; 7K 14
R (Impranil DLN).

1.2 RWHE
1.2.1 Impranil DLN BRHEKSESHE

FREL 5 g SR [ P i v 2 i i ) 0 i e
A 50 mL 0.2% (V/V) Impranil DLN (%) & £ 3 75 3
(LD) H, T 30 °C. 180 r/min {8 i £ K Ik 1% 15
Fr 2.d. WS mL AR E SRR AR HE % 50 mL B
BRI, AkSrE RS 2d. KX Impranil
DLN &4 M RHE 10°-10° 56 MBS . 4001
WA T el (MDA), 37 CHE R 4-5d.
Ptk oK fife 75 W P8 B 2 HR IRV, . 0 A2 25 TR i
AR b I A2, B T B o REAE A Impranil
DLN Rk, frsah P10,

1.2.2 JTERFEEE

PR WS AR T 7E 1% (VIV) B Impranil DLN
B fAF-HR - (MDA) BYREEIEAR | B &R
WL A G AR

B0 A AR FT UL 1 20 M VT OE 2 K B Ak E R
AN, FEREFRIL S FBERER S s R R ISR,
2.5% (VIV) % EEHLEIEE W, R 20 B AT T
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BIFFREIERN, EREE 2h, BEBEE 4 CHR
Fo K EEFRRESZ 0.1 mol/L WilR 22 ik
(pH 7.0) 73k 3 ¥k, YK 15 min, FH 30%.50% .
70%. 80%. 90%. 95% (V/V) FiP9HRE Fl 2 1R 5 1%
B MEZK 15 min. HEREAS AN LA TN
HEAT T . AL AR il B T e B OB T
RN B F ISR i 5 R T4 30 s A2
TEFAH I A5 T SR A
1.2.3 16S rDNA ZFHFFNE 5 RERE 57

FHATE RN 4] DNA $2BGRH & (RIRE
R At ARA ) BRI A S DNA,
FIF 16S rDNA A . Fii#5149 27F: 5'-AGA
GTTTGATCCTGGCTCAG-3'#il 1492R:5-GGTTA
CCTTGTTACGACTT-3'9 1 P10 [ #kf 16S rDNA
FEA, B BTARAS B4 B AT Y A
5 NCBI $#is 5247 Eb Xt , R MEGA-X it
T2 P X I R A K F W .
1.2.4 WEEWHH &

PR 2 LB B R b Gkt 14 h s,
F 6 000 r/min, 4 CHIZMET .0 10 min, %k
FH pH 7.0 14 JC T W TR 2% 1 Vs T, T S TS S T A ok
HAaE, BB O EBRIERIEIRE, R AP IR
2, IJa—W PBS J5, WWIEEL, AEL,
B2 (JCT PBS i), ffiHAE 600 nm
4b1 OD fE 4 0.7-0.8.
1.2.5 Impranil DLN #riERH A EE ST

K R AN L X MSM B 5R S R
Impranil DLN #9 ¥k B 47 @ | . LA
Impranil DLN JEYI 945 H MSM 15 37 3& k%] B i
% Impranil DLN (%) MSM i 7 80 A R b o
T BV AR 0.2% . 0.4%., 0.6%. 0.8%. 1.0%
(VIV) #) MSM-DLN IR G, 73 5k 5 155,
TERFAE IR i K 400 nmU®RI 5 A [ ke 2 4 W '
JEAE (OD 1), L Impranil DLN ¥ 10k & Ay i
AsbR, WG I INARAR, el bR 2
1.2.6 Impranil DLN [&f#Ri15

) 2% I A TR AR SE HE I B L BT 10%  (VIV)

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

A 50 mL WIFEMEE R (MD) ", 30 C.
180 r/min #R¥% % 6 d, [FN%HE 3 L K
3 MG (EWH#EA). P35 24 h Bk,
10 000 r/min &0 1 min J5Fa ke 5 4%, 7ERRMER I
WA 400 nm R AN OEETHUE Impranil
DLN MWOGEEE (OD M), IR LATE S TCHLER
BRI . bR E & G A
35 Impranil DLN A ¥R .
1.2.7 BBRXT Impranil DLN KRR

A BRI, R R R R, R
WG] 10% (VIV) 20543 AR pH (4.0-9.0)
MRS (MD) h, 2Lk 1E9% 36 h, 435
RARTEFAE D K 600 nm F1 400 nm Rl & 1y
OD fH, il AP A K ih MR M2, ko
7€ Impranil DLN X #RAE R 52, DRSS 5
AT Impranil DLN A9 R A5 00 .
1.2.8  HRRXT REREI R A BRGS0 W RIS

PREX 0.3 g Ze A7 HYHEAR , 73 %] A pH 5.0.80 mL
B CHLER B SR A& A 5% (VIV) LB 1y EHLEh B
Feded, JfERIRE 121 CF K# 20 min, Bl 45
T B TR 2 R 10% (VIV) BY He B3 e b 3 2 K
W A R B R 36 h . 7E 30 'C. 180 r/min £
7% 6 d, [FEHEE 3 MEWAK 3 M E—SHA
(KA. 6 dFBUHESE, H 5% (VIV) IR
FREVAE WO 4 h IR 2 h UIBRZHK, T
PRZK AR 10 min V| PE— i bR 2 5% B I R A
ZJAHA 60 CHLATHL B IHE, FREUFIC M
J B R A4 R B S 2 1 R T S AN
BB 15 O, i — 25 2 BB R PLO X T 40 114 [
fRFERE

2 HER5AW

2.1 Impranil DLN PEBEEMKBIFIER 5B
T RS A TELE PUR &M RE 1Y A
PR, FRATEES: T RIS PUR BEXEY) Impranil
DLN 1E Ry i e b e} o X B 8RBT 35 2 £
By EER, RAWE 1A PR r ik
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ST, KT 1 MR R fE Impranil DLN A9 5
Pk P10, 7EiRJE 30 ‘CHI pH 7.0 &4~ , P10 BEF
FH Impranil DLN fEyME—RiETE MSM i35k rp AR
K, FFAE 24 h MAF PRI K AE K % (ODegoo) M
3.501 (&l 1B). Z M KRAE MDA A7 LAY T8 75 2 5L
Fa, RiEH, BARRE, RMEHE, MMk,
gk, IRAT LA Rk IgRE (& 1C). Hfid
B MR BRI AR, (0.7-0.9) pmx(3-5) um,

FLRBHYE, DURA#IEZS) (K 1D).

22 HHEPLO RZABHUHMERE

i 3 X Bk P10 () 16S rDNA ¥ Y He X3
Mr & BR, B RR P10 55 € 4 2F f 4T 18 Brevibacillus
formosus. %845 24T & Brevibacillus brevis, #f
A1 %5 ZEF AT & Brevibacillus choshinensis 45 £ ¥k 44
ZEAOHFF B A9 [R] YR 1 K F 98.5%, i) LAHEIN B £k P10

T ZEAAF B AN . O iE— 25 AR PO 1Y
RY R EHAL, FIF Geneious Fl MEGA 4%
FLFEHRR P10 7EPN I 31 Bk [R] PR A v O B A A
RGERBEW MNARGEREEWEERITLIEE (B 2),
WRE P10 550 ZEFLAT 04 ) 1) A 1 SR AE T IRl — 4
Ko T 16S rDNA FyFha] 43 HER A%, HRjik
JorkErt 16S rDNA 5 B X E Rk P10 (Fhia) & &
WAL AT E . GERTEAY . A LRE
16S rDNA JE R A M R G5 & T 4047, ol LA & 3
¥k P10 A %5 ZF f AT % J@ Brevibacillus sp. .

2.3 SEIFEATHE P10 3 PUR =X K& #RYS
4 B AR AT

J T RGE R AT P10 XF PUR HEJEY)
(DLN) FREARRRE, FRATX DLN WREE 506 (E
(400 nm) [A] FARAERTZ AT T I . Impranil DLN

A
Take 5 g of soil Take 5mL
1 mL
ﬁ | 37°C 180 /min
shaking culture
\ for2d z
Enrichment culture Secondary enrichment Serial dilution Transparent circle filter
B 4 C
351
S
Q
e 2
<
<
2
=
0 L 1 1 I L
6 12 18 24 30 36
t(h)

1 EHPIOMBERETE

Fig. 1 Screening and identification of Brevibacillus sp. P10. (A) Schematic diagram of the process of screening
potential PUR-degrading strains using DLN. (B) The growth curve of strain P10. (C) The colony morphology of strain
P10 on MSM plate containing 1% (V/V) Impranil DLN. (D) SEM image of strain P10 (12.4 mmx5.00 K).
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Bacillus ciccensis 5L.6

Bacillus indicus JG-30

Bacillus mesophilus SA4

Bacillus methanolicus NCIMB13113
Anoxybacillus calidus C161ab
Anoxybacillus geothermalis A\TCCBAA-2555
Anoxybacillus caldiproteolyticus SF0O3
Anoxybacillus caldiproteolyticus R-35652
Bacillus carboniphilus JCM9731

Bacillus isabeliae CVS-8

Bacillus coahuilensis m4-4
Amphibacillus sediminis NBRC103570
Sediminibacillus albus NHBX5
Jeotgalibacillus alkaliphilus JC303
Paenisporosarcina indica PN2

——  Ureibacillus composti HC145

Ureibacillus defluvii DX-1
Anaerobacillus macyae IMM-4
Lottiidibacillus patelloidae SASd-4
Massilibacterium senegalense mt8
Brevibacillus reuszeri NBRC15719
|_ Brevibacillus sp. P10

Tree scale: 0.01 ————

2 E#k P10 89 16S rDNA FHI R G L B #t

Brevibacillus agri NBRC15538
Brevibacillus agri DSM6348
Brevibacillus choshinensis DSM8552
Brevibacillus choshinensis NBRC15518
Brevibacillus brevis DSM30
Brevibacillus antibioticus TGS2-1
Brevibacillus formosus DSM9885
Brevibacillus brevis NBRC15304
Brevibacillus formosus NBRC15716

Fig. 2 The phylogenetic tree based on the 16S rDNA sequences.

(AR AE B 245 7 B B AP I 2t 56 22, Impranil
DLN ¥ B 5B 2tk i fE o y=7.114 2x+
0.083 5. M T° DLN HA —& ML #mtE, FM1E
SEPPAL T RRRRXTAS [V BE DLN (91 32 14 . i 1 15
EANIE ) DLN ¥ EERRIE, HRER T Hibk P10 7€ 6 d
WX DLN AR MR K 3A rh 311 & Bk % DLN
WP B FE R, B RR PLO X DLN A [ fiff 2R S B
TR, 4 DLN WEH 0.2% (V/V) B, P10
A SZERXT 86% DLN FREARE, SRMXTFIRE N 2%
(VIV) 1 DLN, FEARAREfR3AH 20%, 24 DLN
B EE K 0.4% (VIV) B, P10 7E 6 d PRIAT 52 %
X} 65% DLN & fift o JIC v B 3o AR e 2 3 B0
AR, BRI TR AR A s TR B 2 — T2 X B
A7 A B, — T 2 U SR TR U K
Z FECEFR OISR A, WA ERHEYERKZRW
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il A T B A 2R T e o DR I FR AT TRE R 0.4% (VIV)
WEETT R T 5 8 5255

H &2 E A K EEREZ —, KA
rﬁTKIEJ pH XF P10 &M% DLN /KF 85200 .
3B AT, BARE P10 Y 5id B A% pH o 5.0, 7E
pH 4.0-6.0 24 F, Xt Impranil DLN AR 5
WERT, 24 h FEC K5 32.1%, JLIHZETE pH
5.0 B}, Impranil DLN (1[5 25 3k 31 B 1 45 71.4%,
TEII 5 TR S E T R, BRI PR P10 i
HIERYER B R IEE R SRR 5
grfmscgnh, FATELET Witk P10 78 DLN ¥Ry
0.4% (VIV) .pH 43 5.0 %14 T kAR sl J12= (K13C).
AT, B B SR R A ZE 4, PR X DLN 19
Wit KV B W 2%, KETESS 6 KIN) DLN A RE A%
T i H
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6-days degradation rate (%)

[e)}
T

y=7.114 2x+0.083 5
R*=0.999 2

[\]
T

Absorbance (OD,,,)
i
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Impranil DLN degradation of Brevibacillus sp. P10. (A) Tolerance of P10 to different concentrations of DLN.

(B) pH optimization for P10 degradation of DLN. (C) Degradation kinetics of P10 to 0.4% (V/V) DLN. (D) The standard

curve between DLN concentration and its absorbance.

24 ERMEHTEREMEBYR

TERT A SEg h, FRATIRSE T P10 X PUR #
AJEY) Impranil DLN AR, HkR P10 REfE
PL DLN i —i I A7 A 1 , R B R AT ke
Rt . FRATHE— SRR T P10 X Ml 2 ik
PUR LUK H R . FEASDESE Y, RG] 4A IR,
FERE SR 01— J] P9 S 56 20 R BRAH 249 T B4 2k
BIRTE LAV gl — B, P10 XoJ ¥ 403 1Y) [ i
FiAF) 20 mg, (HIENA 5% (V/V) LB J5 P10 X i
IR R AR B4R T, 5% 50 mg, B P10 fE
% ) PR 2R AE B IR EATAE K, AT E S Tk
PRI IR A R LA KAl & PUR 119 A= 4 % fi
RET1. BEAL, ZANBALRRSS, 7F 3R R A IR R
208 0 RO 235 4 v X 5] A At PO IR B o X R4
W% (K 4B), SXTRRAIA e, SEEd ANMUE R
SRl B 22 A K W BVE R TR IR, T LR &
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R HHLRE, 24l (K 4C). 7655 6 X, Hg
R PUR V22 18 O 2 A0 1 D R 4t i B L3 3
B R/INA— R (K 4D), #EMEA P10 B
FRFIR 12 R ER T PUR VB ik IR ET T AE K
3 it

FH B A 1 5 1 SR o i AR 2 i i S ) 2R
RIS AR0ER . SCHRE 2 30E T 18 £ Be R i
w551k PUR MM 4™, Shah 25 mfiFos & 31,
M ZEAAF B MZA-75 FIAR SR 5L R MZA-85
HRELISRER A PUR BN ME—RRIEAAE, 7
30 d P LR 50 mgle T, wAh, R
PR & BLAT AR SR EE Y PUR, Mathur S5 (1985
rhagHh 2 Aspergillus flavus TRFERELLZRHERY PU
JER ME—RR U, IRAE 30d Y, fl RS A )
60.6%"%). 7EIRMER PUR HOfEMIEAR )7 T,
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Weight loss (mg)
a
<=
T

MSM+LB

4 Btk P10 Xt ifg 48 BERRSURAG T

Fig. 4 PUR foam degradation by Brevibacillus sp. P10. (A) The weight loss of PUR foam after 6-days degradation by
strain P10. SEM images of the ultrastructure of PUR foam before (B) and after (C) degradation by strain P10. (D) SEM

image of Brevibacillus sp. P10 grown on PUR foam.

kT BL I BRSO o T AN o B ik 9 1
XITAES, FATIRE T 1 BREEHS LA PUR BIHUR
7 Impranil DLN 1E A A K 1 ik — Rk I 5 31 4k
ok fife (%) Jo ZE AT PR P10, 32 X DLN B AR REE Y
WY, BRI EE R Impranil DLN A F T &tk
A RARE, MRS 0.6% (VIV) 54 i & FRAR
P10 MYREAREE . BT, R ZFHATRAE R —Fhbr
UG TG AT T TE TR P e Mo S04 1 A 1 1 R A 5
HRB TR S AN, Sinosh 25§k H R4 2E AT
A RS REGETE 140 d NAHIR LI AR I A=) ot
BHZK 500675 Hwang 43 e 6 FHHT R A ok i
TR T AT — RN LM 3 kg/m® 1Y
FEERAE P, R, ST R A SR A T
BB E > R R R R 2 R SRR
KL, AMFSE L 5ET TR kR P10 X RERAUIR A
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e VAR 408 P R g K, & BB AR L RE RS A PUR
TR I ME— IR EA T AR, A — ] PN (TR 48 1Y
BRIk ) 20 mg. R T HR SRR, ARSI
ISR IR LB, fi PUR 4R R4 ik
50 mg. MERL I [B] N I REARSCRIE , P10 TE XS
SRR (1 B A 58 0 R s T CAAE 5 Hh i R e TR K o
7E Gunawan ZERUBFFEH BoR T 7EHEAC N L3 rh i
T 1 SR T 70 5 G I VA UK 7 ] R T S TR W o fi
5.8% /54?2, [RIFEHL, 7F Alvarez-Barragan 11t T4
o SRR R R BRI TR AE 50% (VIV) B Th4% 3 4 25
WA SR (PDB) it 6 FiA [R] A 1 — ik
K535 3 JH G I T R IR 35%-65%10, i T
RABERY AT E 2, INZ AT BT 8 FH 0 8 A
JEYIARTR, B3R BRTR, PRI e b
A2, FECORFIBEFE R AT R 2 .



i F—RamEERENS B REEBIFIEERT 3683

AR PUR SR R AEAR R AR E |32

Hooy WA T 255 WK A BEEAE FH A S, 91 LN R g
JIRHG . 25 IR L8 Impranil DLN #
PUR LUK A ZH B0 o3 AN [] (220 25 Y R 1 R g 56
2 A R i DL e o . R, #E R
DLN Sy ME—fi i AL K i B v, il 3 v g

Hitf |

IR Tl A0 P R 558 A S 7 A T 11 22 TR 1 DA Bk

BT B 75 T LA SRk B4 DLN
TR, ARSI, Fel TR — 20 i b
P10 % 15 PUR ML ) 5 AT 2 5
B IS F2 A AR AT , DU BB PLO WEA% PUR
BHO A THLH .

REFERENCES

[1]

(2]

(3]

[4]

[5]

6]

[7]

s

Seymour RB, Kauffman GB. Polyurethanes: a class
of modern versatile materials. J Chem Educ, 1992,
69(11): 909.

2020-2025 4FH1E PUR #5 IeA 1l i FH i 375 5K
K ¥ # AL & W 5T R 45 [EB/OL]. [2020-07-15].
https://zhuanlan.zhihu.com/p/347578922.

Cerna T, Prazanova K, Bene$ H, et al. Polycyclic
aromatic hydrocarbon accumulation in aged and
unaged polyurethane microplastics in contaminated
soil. Sci Total Environ, 2021, 770: 145254.

Wierckx N, Prieto MA, Pomposiello P, et al. Plastic
waste as a for industrial
2015, 8(6):

novel substrate
biotechnology. Microb Biotechnol,
900-903.

Mahajan N, Gupta P. New insights
microbial degradation of polyurethanes. RSC Ady,
2015, 5(52): 41839-41854.

Howard GT, Crother B, Vicknair J.
nucleotide sequencing and characterization of a
polyurethanase gene (pueB) from Pseudomonas
chlororaphis. Int Biodeterior Biodegrad, 2001,
47(3): 141-149.

Hung CS, Zingarelli S, Nadeau LJ, et al. Carbon
catabolite repression and impranil polyurethane

into the

Cloning,

degradation in Pseudomonas protegens strain Pf-5.

Appl  Environ  Microbiol, 2016, 82(20):

010-64807509

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

6080-6090.
Peng YH, Shih YH, Lai YC, et al. Degradation of
polyurethane by bacterium isolated from soil and
assessment of polyurethanolytic activity of a
Pseudomonas putida strain. Environ Sci Pollut Res,
2014, 21(16): 9529-9537.
MA,
Serrano-Martinez S, et al. Mediterranean diet and
reduction in the risk of a first acute myocardial
infarction: an operational healthy dietary score. Eur
J Nutr, 2002, 41(4): 153-160.

Alvarez-Barragan J,

Martinez-Gonzalez Fernandez-Jarne E,

Dominguez-Malfavén L,
Vargas-Suarez M, et al. Biodegradative activities of
selected environmental fungi on a polyester

polyurethane varnish and polyether polyurethane

foams. Appl Environ Microbiol, 2016, 82(17):
5225-5235.
Zafar U, Houlden A, Robson GD. Fungal

communities associated with the biodegradation of
polyester polyurethane buried under compost at
different temperatures. Appl Environ Microbiol,
2013, 79(23): 7313-7324.

Russell JR, Huang J, Anand P, et al. Biodegradation
of polyester polyurethane by endophytic fungi. Appl
Environ Microbiol, 2011, 77(17): 6076-6084.
Mathur G, Prasad R. Degradation of polyurethane by
Aspergillus flavus (ITCC 6051) isolated from soil.
Appl  Biochem Biotechnol, 2012, 167(6):
1595-1602.

Biffinger JC, Barlow DE, Cockrell AL, et al. The
applicability of Impranil® DLN for gauging the
biodegradation  of  polyurethanes. Polymer
Degradation Stability, 2015, 120: 178-185.

Liu J, He J, Xue R, et al. Biodegradation and
up-cycling of polyurethanes: progress, challenges,
and prospects. Biotechnol Adv, 2021, 48: 107730.
Shah Z, Hasan F, Krumholz L, et al. Degradation of
newly isolated
aeruginosa MZA-85 and
analysis of degradation products by GC-MS. Int
Biodeterior Biodegrad, 2013, 77: 114-122.

Shah Z, Krumholz L, Aktas DF, et al. Degradation
of polyester polyurethane by a newly isolated soil

polyester  polyurethane by
Pseudomonas strain

. cjb@im.ac.cn



3684 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

(18]

[19]

[20]

bacterium, Bacillus subtilis strain MZA-75.
Biodegradation, 2013, 24(6): 865-877.

Osman M, Satti SM, Lugman A, et al. Degradation
of polyester polyurethane by Aspergillus sp. strain
S45 isolated from soil. J Polym Environ, 2018,
26(1): 301-310.

Danso D, Chow J, Streit WR.
environmental and biotechnological perspectives on
microbial degradation. Appl Environ Microbiol,
2019, 85(19): e01095-19.

Skariyachan S, Patil AA, Shankar A, et al. Enhanced
polymer degradation of polyethylene
polypropylene by novel thermophilic consortia of

Plastics:

and

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

[21]

[22]

Brevibacillus sps. and Aneurinibacillus sp. screened
from waste management landfills and sewage
treatment plants. Polym Degrad Stab, 2018, 149:
52-68.

Hwang JW, Choi CY, Park S, et al. Biodegradation
of gaseous styrene by Brevibacillus sp. using a
novel agitating biotrickling filter. Biotechnol Lett,
2008, 30(7): 1207-1212.

Gunawan NR, Tessman M, Schreiman AC, et al.
Rapid biodegradation of renewable polyurethane

foams  with identification  of  associated

microorganisms and decomposition products.

Bioresour Technol Rep, 2020, 11: 100513.
(ACTi9m  BRZT)



