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Abstract: [ Objective | The The stability of polyethylene plastics and the increasing usage pose a serious
threat of “white pollution” to the ecological environment.The generated microplastics from its weathering poses

a significant challenge to biological health and safety.These challenges are in need of urgent solution.[ Method |
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Potential microbial degradation resources for polyethylene in the digestive tract of the greater wax moth larvae
were isolated using pure cultivation techniques. An efficient degradation composite microbial community was
constructed through the proportional combination of strains. The degradation capacity was assessed through
quality control recovery, and its performance was validated by light microscopy and scanning electron
microscopy. Microbial degradation characteristics of polyethylene were explored by techniques including
infrared spectroscopy, gel permeation chromatography, gas chromatography—mass spectrometry, and liquid
chromatography—mass spectrometry. [ Result] Thirteen strains of polyethylene—degrading microorganisms were
isolated. Debaryomyces hansenii was identified for the first time as having the ability to efficiently degrade
polyethylene. A polyethylene efficient degradation composite microbial community composed of fungi and
bacteria was established.Compared with single strains, the degradation performance of the composite microbial
community increased by 3.3 times, with a degradation efficiency of 0.936 7 mg/d, which significantly surpassed
previous levels.Light microscopy and scanning electron microscopy revealed the presence of biofilm traces and
noticeable pores on the surface of degraded polyethylene films. Infrared spectroscopy showed the presence of
multiple new functional groups in the degradation solution, and gel permeation chromatography results
indicated a reduction in the molecular weight of polyethylene microplastics after degradation. Gas and liquid
chromatography—mass spectrometry results indicated the presence of bioactive components such as amides,
amino acids, olefins, alcohols, ketones, and large—molecule alkanes in the degradation solution. [ Conclusion ]
The study identified microbial degradation resources for polyethylene by constructing an efficient degradation
composite microbial community, and it explored microbial degradation characteristics, thus providing data
support and feasible solutions for the microbial degradation of polyethylene.
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Fig.1  Comparison of 30 day degradation efficiency between single strain and composite strain(a)and monitoring results of

biomass colony count in 7-day culture system(b)
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Fig.2 Surface light microscopy(a)electron microscopy (h)morphological characteristics of polyethylene film

after 30 d treatment with composite bacterial strains
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Fig.3 Infrared spectrogram of degradation solution(a)comparison of molecular weight of polyethylene microplastics

before and after degradation(h)
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Tab.1 Comparison results of some compounds in the mass spectrometry database
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GC:6.268 N-Methylglycine 107-97-1 C,H,NO, H\)I\
~ OH
el [}
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GC:11.543 Decane 124-18-5 C,H,,

OH
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Fig.5 Morphology of strain PE2 and strain PE4
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PEARSY 3 A PEA BRI TN T 45 R BHE S 1% 2 NCBI Genbank 53 , 3545 PE4 168 rRNA 751155 5%
5 OP108436, i it 14 i R 48 & B W (&l 6b) K I K PE4 5 Staphylococcus sp. [AlJ& F— k5332,
PE2 B R % 5E K Debaryomyces hansenii , 15 PEA TR 5E M Staphylococcus sp.o

a PE2-18S OP164162
59— Debaryomyces hansenii NRRL Y-7426 NG063361.1
36 Meyerozyma guilliermondii NRRL Y-2075 NG063363.1
90 34 Schwanniomyces vanrijiae JCM 3657 NG063488.1
L Debaryomyces mycophilus CBS 8300 NG062633.1
64 ——— Spathaspora jeffriesii CBS 9898 NG064894.1
47— Lodderomyces elongisporus ATCC 11503 NG064965.1
Cephaloascus fragrans NRRL Y-6742 NG065597.1

Escherichia coli
Staphylococcus sp. CNJ924 PL04 DQ448767.1

100 79 Staphylococcus caprae strain P75 MT487651.1

0.05 100l Staphylococcus capitis strain FC2966 MK396460.1
b Staphylococcus sp. CNJ924 PL04 DQ448767.1
’_m’: Staphylococcus caprae strain P75 MT487651.1

100 Staphylococcus capitis strain FC2966 MK396460.1
[ 100! PE4-16S OP108436
100! Escherichia coli )
Ensifer mexicanus strain ITTG-R7 NR115768.1
87 Gellertiella hungarica strain RAM11 NR159172.1
57 Mycoplana ramosa strain NBRC 15249 NR113740.1

Brucella microti strain CCM 4915 NR074336.2
86100 Brucella microti strain CCM 4915 NR042549.1
—— Brucella oryzae strain NBRC 102588 NR114151.1
53— Bartonella queenslandensis strain AUST/NH12 NR116176.1

K6 PE2EMRIARG IR (a) K PE4 EHERHY R G VLI (b)
Fig.6  Phylogenetic tree of PE2 strain(a)phylogenetic tree of PE4 strain(b)
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MU P 43 1 19 Bacillus subtilis 7T 7E 30 d N B fi# 50 mg PE 1 1.75% , B f# 30% 4 0.029 2 mg/d.
Awasthi 252 D56 25 43 2515 21 1) Rhizopus oryzae A E 30 d PN RES# 0.028 5 g PE ) (8.4+3) % , [FRRLF N
0.079 8 mg/d. Yang % P\ B[ BE 77 W5 &)y Bt (4 fi7 38 v 43 25 Hh 1Y bacillus sp. YP1 AT AE 60 d B 100 mg PE
[ (10.7£0.2) % , B ACR A 0.178 3 mg/d o ABIFFE 50 B 45 21 3 PR 0] = R Ak PE S/ e gl e e o
Debaryomyces hansenii ) PE2 B FI 78 30 d N F#f# 0.21 ¢ PE % (3.05+1.03) %, B A% 4 0.216 7 mg/d.
AT E IR I Debaryomyces hansenii HEEA S PERIRE S .

WFFE R IR B A L] DL 25 52 T} PE A RE AR AR o Park S5 IR T 17 ISR LR ) vh o3 B3 45
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1535 0.936 7 mg/d, AHE T B HE T T 3.3 4%, FUREAR I RELT AT 2 1B 1Y PE OB RHEE i sk

PE i 158 3 THTJE 285 A 000 o T A SR JIm 5 00 ) 6 S A 0 %) e gt B 3, A1 4 H 5 T LA o W L SR T
T 25 B A 3 ) B R 4 e A AR R S AR AE I A ST R B, R XIDLM-3 45 R L 55 37 30 d JR
(8 PE JI5E 7 29 TR A5 REURE AN - 1 30 B S0 1) 42 okt £ L3R R0 I 1) 249 o AR 90 el D' 2 S i A 4 L 5%
WL AR i (4 PE ISR T o Lo BG4 R, WA A IR T 11 30 17 W S8 A0 Bl A ) o B IR,
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TAEYIXS PE B M AR PRI 5T S A AR R VR 1Y 23 B RE I DN IR A i 5 43 1 0 7 A K
R Py B 72 25 . Muhonja Z5°0F 5% & LG5 FTIR 52 , PE A9 R AR P B0 T AR FL 53 10 B
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PE 223 Enterobacter sp.D1 A B J5 B fif i A HESE st 8 AR 19 2 Fe i o ASHIF 5 s 1 /=0 6 FH B A ARG
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