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Isolation and identification of a polyester-polyurethane
degrading bacterium Bacillus altitudinis YX8-1

ZENG Caiting, JI Junbin, DING Fanghui, LI Zhoukun, CAO Hui, CUI Zhongli, YAN Xin"

College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: Although polyurethane (PUR) plastics play important roles in daily life, its wastes
bring serious environmental pollutions. Biological (enzymatic) degradation is considered as an
environmentally friendly and low-cost method for PUR waste recycling, in which the efficient
PUR-degrading strains or enzymes are crucial. In this work, a polyester PUR-degrading strain
YX8-1 was isolated from the surface of PUR waste collected from a landfill. Based on colony
morphology and micromorphology observation, phylogenetic analysis of 16S rDNA and gyr4
gene, as well as genome sequence comparison, strain YX8-1 was identified as Bacillus altitudinis.
The results of high performance liquid chromatography (HPLC) and liquid chromatography-tandem
mass spectrometry (LC-MS/MS) showed that strain YX8-1 was able to depolymerize
self-synthesized polyester PUR oligomer (PBA-PU) to produce a monomeric compound
4,4"-methylene diphenylamine. Furthermore, strain YX8-1 was able to degrade 32% of the
commercialized polyester PUR sponges within 30 days. This study thus provides a strain capable of
biodegradation of PUR waste, which may facilitate the mining of related degrading enzymes.
Keywords: polyurethane plastics; biodegradation; plastic waste recycling; Bacillus altitudinis
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Colony and micromorphology of strain YXS8-1. A: Colony morphology of strain YX8-1 on

Impranil DLN plate. B: Gram staining of strain YX8-1 (1 000x magnification).
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Bacillus safensis subsp. osmophilus BC09" (KY990920)

Bacillus safensis FO-36b" (ASID01000027)
Bacillus australimaris MCCC 1A05787" (JX680098)

YX8-1(0Q152473)
Bacillus altitudinis 41 KF2b" (ASJC01000029)

Bacillus atrophaeus JCM9070T (AB021181)
4[[9001’.’[515 nakamurai NRRL B-41091" (LSAZ01000028)
Bacillus amyloliquefaciens DSM7" (FN597644)
Bacillus cereus ATCC 145797 (NR 074540)

{Anoxybacillus geothermalis ATCC BAA-2555T (NR 151896)
‘ Anoxybacillus caldiproteolyticus SF03" (NR 115200)

{ Ureibacillus defluvii DX-1" (NR 133885)
Ureibacillus composti HC145T (NR 043746)

‘ I Brevibacillus brevis NBRC 15304" (NR 041524)
Brevibacillus antibioticus TGS2-1" (NR 165725)

0.010

B 2 XET 16S rDNA FIHMEBEMREZG 4 B

) rBrevibaci[!usjbrmoms DSM 9885" (NR 040979)

Figure 2 Phylogenetic tree based on 16S rDNA sequences.
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Bacillus pumilus ATCC 70617
Bacillus zhangzhouensis DW5-47
_|:Bacillus tequilensis KCTC 13622"
Bacillus siamensis KCTC 136137
Ureibacillus massiliensis 44008317
Brevibacillus formosus DSM 98857

. Brevibacillus brevis NBRC 15304"
0.050 Brevibacillus antibioticus TGS2-1T

3 BT gyrAd FIHMBMARRER
Figure 3 Phylogenetic tree based on gyr4 sequences.
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Figure 4 PBA-PU degradation properties of strain YX8-1. A: Synthesis and degradation route of PBA-PU.
B: Colony morphology of strain YX8-1 on PBA-PU plate. Liquid chromatogram (C) and LC-MS/MS
chromatogram (D) of PBA-PU treated by strain YX8-1.
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i (4)J5 (47) PUR G432 &1L C: MR YXS8-1 07 5 1 (Z0)J5 (47) PUR 45 1455 €]
Figure 5 Degradation properties of commercial PUR by strain YX8-1. A: Weight loss of commercial PUR

after incubation with strain YX8-1. B: Morphology of commercial PUR before (left) and after (right)

incubation with strain YX8-1 for 30 d. C: Electron micrograph of commercial PUR before (left) and after
(right) incubation with strain YX8-1.
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i3 HPLC 2 LC-MS/MS Kl %] T 7=#) MDA ()
P AR PUR SRS 5 R AL PUR %8}
AL ELBL S A, E8) 2 0 TP AR PUR
Fffe )1, Shah ZEPVBSYBRR P. aeruginosa

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

MZA-85 1] [ fi#% PBA F1 MDI Jy i& & i 1) 58 fig
B PUR, i i =ORH (035 - B i A I 2] 7 1 2 1R
A 1,4-T R4 . Magnin 265520 MDI #
4 PR ) 2 JURER AT B TPU F TR A [R]
fit (") PUR FEffBEST, i LC-MS/MS il £
6-F2 R R . MDA K MDA fifE¥mar=r . i
A KRR YXS8-1 57T LR R PUR #5175
A, 30 d N PUR 143K F R IA 5] 32.42%, H
Kok fifk BB 7 -5 25 AT 17 i 119 L Ath PUR R £ 187 AN AH
|- F . Shah 2By 85 i bk B. subtilis MZA-75,
PLRFRAY PUR MME—BRIERS 30 d NREFEFN
20%. 325 ST AR ML R A8 BE K 4 s
tH Bacillus sp. S10-2,iZ Wbk AL M R TR A PUR
VE R ME—RR IR BT 30 d R TRy 19%, HF
BRI RS S PUR RS R[] AT PR 2% o

R ik PUR B0 A 40, DART itk
PUR IS W1 F F HPLC oK BEAS I 21 [ g
Y. HETa{k PUR 5L YX8-1 5 80 d Bt
REHH 36.8%, SWFH 30 d KM AL
WA 4.38%. X AT RESE K A B O 7 S () A4 4
B 7 J T SR A I 0 R B0 IR B AR R AR
IR TR 285 1 2 700 AT el A5 B2 i SR el 55, T
2K Al Ak PUR A 3 ik L AR50 SR
Wi k& PUR R ol 2 55 52 2 b, I
X PUR FEAAREG ™ T — & Ml vE R . b kes:
AhFERRIR PRI T BE M () 53 B N SRR B
B T3 R Ak PUR FRARAE /1. I e sc s
PE—IRIT PR YX8-1 ZE A )55 35 544 R i i
anfk PUR FEAERRPE , JF2 8 bR YX8-1 2= 5
PUR [ Mg DI RETE , A iy HLF% A% PUR S88HA 23
Tl
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