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Polyethylene biodegradation: current status and perspectives

ZHANG Liting, ZHANG Bo, XU Weidong, CUI Zhongli, CAO Hui’

Key Laboratory of Agricultural Environmental Microbiology of the Ministry of Agriculture and Rural Affairs,
College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: Polyethylene (PE) is the most abundantly used synthetic resin and one of the most
resistant to degradation, and its massive accumulation in the environment has caused serious
pollution. Traditional landfill, composting and incineration technologies can hardly meet the
requirements of environmental protection. Biodegradation is an eco-friendly, low-cost and
promising method to solve the plastic pollution problem. This review summarizes the chemical
structure of PE, the species of PE degrading microorganisms, degrading enzymes and metabolic
pathways. Future research is suggested to focus on the screening of high-efficiency PE
degrading strains, the construction of synthetic microbial consortia, the screening and
modification of degrading enzymes, so as to provide selectable pathways and theoretical
references for PE biodegradation research.

Keywords: polyethylene; biodegradation; degrading microorganisms; enzymes; degradation

mechanisms

R 2. f (polyethylene, PE)J&—FhH UL Y4
mpEypRl, WILHATRICH .. WIGRME. &
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B )2 AN 3 Plastics-The Facts 4238,
2021 AEERAVEL S RS 3.9 12 ¢, Hp R 24550
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R . REDEH . J12eMaE . RIEEE
VA I S AV /i K P 45 =0 TR AR A e A M g
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174328, PE F 4853 5 % B2 2R &% (high density
polyethylene, HDPE) |l % Jif I £, 4% (low density
polyethylene, LDPE)FIZe Ik % B 5 £ 4 (linear
low density polyethylene, LLDPE)=F2&#Y | 4
% 1 i7n. HDPE % R Ziegler-Natta {1k
FIEARBARE NG 8, 207 rh 3k, 4%
o, K, HLAT B A R RN ALBRGE i s LDPE
K EREERE, 2 FREh e a o
SL(Z 2% MIBRIF T, BATBARA SR . 4540 E
FIRIE s LLDPE J& 0% 5 B R o-f e e
EFIERT . 2808 IR B 35 T i) — b 3
%Yy, 5 LDPE ML BATERE & . #IVELF . W
PESR T ERCRITR FE SR A5, I8 HA R AT A it 24
B0 ) IR i B SRR RE

2 PE %0 P& M8 0005 & 0 1k

FURT PE JHRLAH O R fife vk 14 0 i = 202
RAE PR R SR I, 08 A ARIASE (I . B
B | WS TETS PR MITRETESE) R ) PE R
PR, B X S A R A A PR R T 5 A R TN

i

Table 1 Polyethylene molecular structure and physicochemical properties
Type HDPE LDPE LLDPE
Structural ~ Molecular T _|—'_'_|_|—'_'_ = '_'_n_— I ‘ T ‘ I |
features structure
Number of <5% 1.50%-50% 0.50%-50%
branches
Density 0.94-0.98 g/cm’ 0.91-94 g/cm’ 0.91-93 g/cm’
Physical and Physical High strength, toughness, Poor mechanical strength High strength, toughness,
chemical characteristics  rigidity rigidity
properties  Chemical Resistant to strong oxidizing Resistant to strong oxidizing agents, Resistant to acids, alkalis,
properties agents, acids and alkalis acids and alkalis organic solvents
Degradation Difficult Harder Harder
difficulty
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21 £5PEEREYEBRNAR
HETA L 20 A8 19 408 7] 2 5 [ 28
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W (Pseudomonas) . %' /K Wil [ § (Ralstonia) .
B F% M B & (Stenotrophomonas) . i 5 1A K
W J& (Klebsiella) . /N BFF T J& (Acinetobacter) .
21 Bk J& (Rhodococcus) . #i] % ¥R W &
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%5 A J& (Streptomyces) M1 ZF 16 ¥ T J& (Bacillus)
FWE, XK EAM PE RISk
M (=) FE PE K 1 JB A 2R )RR B RE T o
Harshvardhan %DM VRE/K FR i 58 HY 60 Fb il [ i
LDPE M4, H iR %% 5 K F (Kocuria
palustris) M16 ., 53 /NZEFEFF 1R (B. pumilus) M27
ARG B2 A (B. subtilis) H1584 HEWSL) PE
ME—TR IR T A WA T 30 d J5, PE
R IR R 1.00% . 1.50%F1 1.75%, H
HCER AR /K A 4 A [ R B M AT 5 [ R 52
A YITE PE 2RI A AR IS ), i 1 4 B A e
21 41 (fourier transform infrared spectroscopy,
FTIR)EH i A i — P UESE T PE (9 A= MR A% o
Skariyachan 25UV 35 7Kk b 35 147 3% 38 1 3
ifi i 1 AT B A% LDPE A HDPE 1% 2F f #F &
(Brevibacillus sp.) 1 f# B M £ 2 #1
(Aneurinibacillus sp.), FHIRAEFF 140 d,
LDPE #l HDPE JGig il k7500 58.21%A
46.6% ; AT K IR P L g AT A RE 8 K
By, WIVESN PE PR I ST ) B i
Delacuvellerie 2K 1l 4: T LDPE ¥
Bl DAHAE e —ac i AT = AR 35 5%, IEX R
LWBEHAT 0T, KM% LDPE W& £l e
2 [ i A0 T B od 1 R (Alcanivorax) . 16 AT 1 &
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(A. Borkumensis)BEfS £ LDPE | 4FFMIE M
PO AR TR A= ) R [ A A i B9, K5 9% 80 d
J& LDPE J5t & 51 % 3.5% . 6 A} 2 B 1
TEBIFSE Fir i O 14T A 1) e B OF ST R, IR
KB AE A RURE AR RO oK W R £ T g
[poly(ethylene terephthalate), PET]F1 PE P4 F ¥
TR P R RN A A S X T AR A
B LR T RE R, KRBT 5 ZRANTE N L
WA, B 5 RN ARG TR
¥k, HAP U INT E (Exiguobacterium sp.) . 5 FL4
W (Halomonas sp.). & A& (Ochrobactrum sp.)
3 BRANG I HA W R PET F1 PE YR AE
J15 P11 PR BR A0 R B 95 AL B PET A PE
WA 28 d, I X GFERATH oM, PET W)
FART S5 AN 92.55% T %] 89.85%, PE /i
B AH T 45 B BE N 49.10% R 31 29.50% (£ 2).
22 Z£5PEBREYEBNER
Z5kM PE WEKWUIME W&
(Aspergillus) . T %5 I J& (Penicillium) FIHS 55 1 &
(Rhizopus) W J& 0 3, KA 0 ¥R A 32 212
LDPE (5 3). Awasthi Z£[23100 B35 75 1 (4
LDPE M MK EE(R. oryzae) NS5, FEIRF; 7
30d )5, #ad FTIR, HH#iH ¥ B /#4% (scanning
electron microscope, SEM). Ji T J1 B 5
(atomic force microscope, AFM)HIJT i ffiz
B HLX; LDPE WM & 0I5 4T 7 RIE, 25
RRH] LDPE iR W) BAL 2 4540 7 A 1 B
B, H IR A 2585 MM . Ojha
4524 5l LDPE #1 HDPE A ME—RRIR, M3
HBHEEN SR Y SRR S TR 0 B M 10 PRI A
PR, IR BERAT AT FRAE PE A A bR BB R R T A5 T
(P. oxalicum) NS4 F1y* 85 % B i (P. chrysogenum)
NS10, 553% 30, 60 190 d Ji7, P. oxalicum NS4
X HDPE [R5 24.18% ., 43.73%F1
55.34%, i M [ B Xt LDPE [ R 16.72% .
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Table 2 Bacterial strains involved in biodegradation of PE reported in the last five years

Source Strains Degradation Temperature/PE type Degradation effect References
time (d)
Ocean Exiguobacterium sp., Halomonas 14 26 °C, PE film Crystallinity decreased from [9]
sp., Ochrobactrum sp. 49.10% to 29.50%
Marinobacter sp. (KF021894, 90 30 °C, LDPE film Weight loss rates were 1.46%,  [10]
KF021896), Bacillus subtilis 1.68%, 1.54%
(KF021898)
Soil Aneurinibacillus sp. (mixed flora) 140 50 °C, LDPE film Weight loss rate was 58.21% [7]
Enterobacter cloacae AKS7 45 30 °C, LDPE film Weight loss rate was 9% [11]
Lysinibacillus sp. JJY0216 26 30 °C, PE film Weight loss rate was 7.50% [12]
Sewage Pseudomonas knackmussii N1-2, 56 28 °C, PE film Weight loss rate were 5.95%, [13]
treatment site Pseudomonas aeruginosa RD1-3 3.62%

Landfill

Ralstonia sp. strain SKM2 180
(MN33476.1), Bacillus sp. strain

SM1 (MN33475.1)

Bacillus tropicus (MK318648) 40
Pseudomonas sp. MMP1, 42
Acinetobacter sp. MGP1,

Bacillus sp. MMP10, Bacillus sp.
MGP1

Paenibacillus sp. (mixed flora) 60

30 °C, LDPE film Weight loss rates were 39.20%  [14]
and 18.90%

37 °C, LDPE film Weight loss rate was 10.15% [15]
37 °C, LDPE film Weight loss rate was 3.75% [16]

30 °C, PE pellets Weight loss rate was 14.70% [17]

*x3 E5FHREMNS PE EYIEBHEXNEREK

Table 3  Fungal strains involved in biodegradation of PE reported in the last five years

Source Strains Degradation Temperature/PE Degradation effect References
time (d) type
Ocean Alternaria alternata FB1 120 25 °C, PE film Crystallinity decreased from [18]
(PRINA672824) 62.79% to 52.02%
Soil Trichoderma viride RH03 45 24-28 °C, LDPE film Weight loss rate was 5.13% [19]
Sewage Aspergillus flavus, 60 25 °C, LDPE film Weight loss rates were 17%, 19%, [20]
treatment site Aspergillus versicolor, and 13%
Fusarium solani
Aspergillus oryzae strain A5,1 112 28 °C, LDPE film Weight loss rate was 36.40% [21]

(MG779508)

Aspergillus carbonarius MH 112
856457.1, A. fumigatus MF

276893

30 °C, LDPE film Weight loss rate was 39.10% [22]
(heat treatment)

26.70%F1 36.60%; P. chrysogenum NS10 3% W (Zalerion maritimum), ¥i3% 14 d J5 PE Jfii
30, 60 f1 90 d J5, % HDPE MREMEZ518  BRER 56.7%. KM, HEFEBEHEETETR
17.06% . 48.00%7F1 58.60%, 1% LDPE [#f%  FrohEBIRE BA4> 2 8] —HFk/E PE i I H A T
N 19.32%. 33.33%F1 34.35%. Pago ZEPINIG 3 AE B AE 1 AU BE K% il B (Alternaria ternate)
R B — Rk AT A% LDPE B9V e FBIU, W X B AT N0 & B, Fikk FBI

&: 010-64807509
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AbFE 28 d J5 B PE EAR A AR XF 45 5 BN 62.79%
TRER] 52.02%; A GC-MS %5 7E H—Fh Uik
PR (W), e A AR 93.28%.
2.3 25 PE BREYVEBRIEEREY
— S 5 BB A% NELI RN SR A ) 2 Bl
W, IR EATE I ME—ROBR IR, X W PEREfRE
HEZFEERY S & A P 9 UR Y. Kannan 55200
E[ 43 5 (Plodia interpunctella) %] HUAK P 1% 2
535 W PR AP PER f#: 1R Bacillus sp. YP1 FlF X
W T 1 (Enterobacter asburiae) YT1, BEWSTE 60 d
P43 i B R 29 6.10% Fl 10.70% () PE # 5 ;
Bombelli 25 PV & #1100 H K M i (Galleria
mellonella)4)) UTE 12 hN W] U PEMRIE (1) 57
R AIR 13%, I, ALSE IR/ IR
(Achroia grisella)%)) M g i 4y B Wi £k LDPE [#
fift B AR 2% EQ Y 4 IR #F T (Citrobacter  freundii)
LDPE-DB1 FlBacillus sp. LDPE-DB2, & 30d
J&i, LDPE W 5 437 A 5 JB 73 5 FE AR 51.30% Al
58.30%, XSELILFR W] R BB AR Y) s & PE
BRI, J2 5 B PEREfR A 1 R 1T P o

3 PEEREMEDRALR

WA | R MR A A SRS
BEER AR YA T AL P AR A3 o B R
NINRETERE, 12462 5 PER ML 72 v A Th RE L
K, RERE 4TIk BT PERY AE W B i i 12
YoonZ: V55 [ Pseudomonas sp. E4 BI%EIE Ak
fifi 3 [N (alkBYTE KIHHFFEBL21 Hh ik, 37 °CliF
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KCO,, Bilk T alkBHE Xt PEHAT B A 6 M .
ZampolliZE PO 1 52 LAPE A ME— B VB Y 15 %
B VSR BT PR A S BT, IESE T
2 L) 1% T 22 4] SR AL B TR A9 TG o Gao %)
i o L R R A B R RE e BT 22 AR i A 3 4
R IE R Rk 2% FIE. BEAh, KongZEP'xd
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026756396.1)F1 Ceres (XP_026756459.1) 174k
Fa 4381, B 2 B PE R XA AR AT G 3 A
W 2  (hemocyanin)Z5 5. M #EHE M M HAK
% (hemocyanin M superfamily). IfiLi#5& 1 C ##
it (hemocyanin C superfamily)FI ML ¥ & N
#H Z % (hemocyanin N superfamily) (& 1), 1%
KM EEA M, C. NSY 8 — "1 REH T,
ZINREHICH C v A i R 45 5, %
SER B EA RAS A EADY . b HENNZE A C
vy ) 4] 30 S A 1 A AR I TR A, E R
IEE 2N PE YRR3R

PE S $} 55 fiff O B T 1 2 5 A X T L Ath 90
PREBE =, ThaRBHEN M EE A A, 76—
JE BRI T A Y R AR PES RIS . R,
S B S R v N T B A DG R Sl DG SHE N 1Y) T e
WE5E 5 BEMALT P fg T, i — 20 3% M8 PE
SRR A D e 5 DR A 500 2

4 %5 PE BRHM LS
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Table 4 PE degrading enzymes

Hemocyanin C superfamily

Hemocyanin N

l Hemocyanin_ N superfamily

Structural analysis of two waxworm saliva-derived PE degrading enzymes.

Enzymes Prosthetic group  Substrate Optimal Optimal pH  Main enzyme-producing References
temperature (°C) microorganisms
Laccase 0, as electron LDPE 70 7.0 Rhodococcus ruber C208 [34]
acceptor

Manganese Hemoglobin Decane 30 5.0 Penicillium sp. CHY-2 [35]
peroxidase

Dioxygenase FAD 13-44 carbon 30 7.5 Acinetobacter sp. strain M-1 [36]

n-alkanes

Monooxygenase NADPH n-alkanes 37 7.0 Pseudomonas aeruginosa E7 [37]
Peroxidase Iron porphyrin PE 30 4.6 Trichoderma harzianum [38]

O 2k B R W8 R A & A1 AT S Ak C-C By
KRR RE Y WE Y] 2 5 PE A4 W) %
fife , Horp AL 4G OK i R o # k) i (LiP, EC
1.11.1.14) . #hid ALY EE(MnP, EC 1.11.1.13)
FIZERE(Lac, EC 1.10.3.2.)P%, Pometto 25100
MEf AR R NS WR S WS PE WA
IR R E 21 d, E A AR LT AR
HUBPERE AN PE 20 F 1 AR fL UE B T LiP 35 M 2
15 PE PRI B2 RN, X2 E S5 PE B
i 1 R N G I A o Tiyoshi ZEUHL BER R
K i 5 898 B OF 5 R (Phanerochaete
chrysosporium)/3 i MnP 1 UL [#{X PE A% A0
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PR FEFIF-3 434, HAE Tween 80, Mn(II)
Fl Mn(IIDE A FFE T, W8k MoP &
F PE JHY B E M . Lac MUBEBAEIL & Fh &
FEGALE R AL, WEEMER T35 F K
W, HEHE, Sk HZLERTE (R, ruber) (C208)
R R T T DA R 5 SR AN WAL BRI PE
Wi, Lac /5 PE BREELRLAR, (45 ml™ )
HER B AR I N DL K PE IR BT S A0 R A
75%4 B ARBIF S B 4 UE S xSk T A
REfS AL PE AOFEIR, (HEAI1E PE A Yk i
i R AR LA AR T
BeIRRALEE AKB Kk p-Afbikieh s
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Y55 PE R 0 e B LA, W] DUGE o AR i B0 R
Uity S I 1R B A AR R 1), Yoon 25
53], FE Pseudomonas sp. B4 HEE L TR
Bl AL 37 °C WEE 80 d, REMSHEZY 20%(1)
%4> ¥ i PE FERELAL R COyo Jeon F5E07T I
U RSB BT DL AR PE AR Sk A R
W (P. aeruginosa) E7, ifid PCR MF 4534,
A 000 3] S i 56 A 1) BE 2 A it R 49 1Y) 1) o A
alkB . rubAl. rubA2 1 rubB, B4 W94
KA . 212 AU B 1 RN 21 3R RUE B 1R
fifi . b R ACEE ALKB 7E bt ke B 10 27— 20 i
YEH, HS 5 FRBAOREALEAMIRE
WHR AR JEEE RGN, Rl 5 1b il 5 Hh 1
UL RN . X SELE IR R, bk A
AIKB 7] BB /& PE Ff# i 43 R e 7

i ifd {6, % P450 fifi(cytochrome P450, P450)
SRR LT 2R -G FEEh & A 0%, ATR
SNZFIEY AL Z T O, Bl4n C—H F R
fb. C=C W E LT C-C FR MR SFE N, J—
FIVETER) PE PR 2 A0 o XF L PE Ay Mk — i 5
AR VE M ZIBR TR (R. opacus) RT AT [ 5%
ST, R7 P450 FRAMEE Y 2 508 7 41 5 A
Bk S AL A W) O SCRE R v 2 b ) CYP124
HA 32%H R —H:, #ED R7 P450 BFn RS
PE %08 ALE, Pinto %%}l LDPE Wy ifE—
PR B AR %) A ) FEE A s A T % BE R A oy i e B
Bifi 7 B (0] A HE RS, dmth 240 Jf (R P450 il % S K]
MR, A, Yeom ZEUFSEIA K P450 il
thbeke 2 AlkB B 5y 47l TRk aE ,
A H TR KR PE 195 B TR o

Bifi 5 %t PE P A7 RIS UR AR ST, T Tl
R Ak s ) R A A I FH R 5%, (FL 3K S il 1y %
fRRCEAN A Rt = . BROT B, 2 iR T A
fiff 2R T A A2 4 v Tl 235 5 B T AR E MR I A R
FB, XN PR R fF PE BCRIEHE Tl SE g
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BRI o LA 1 TR A R Fi e SR
fige Mt R AR RE S HRTEA T O BFSE T 17 22—,
EE AR S O AARE R, MY GRS RS
PRSI A, SR Ak Jre P A il T 22 1] F) A
ERIABE AL RE T o i T X A F - Dh RE G 2R
AT AR R, H DS & B T S B RO R
LRV, AAAEAEEN: . HEEE A
LEA-TRER R AN RO, LTS HL
B MRS AR B AN BT A B, R0 R M 4 5
SRR A T AR A PR R R

5 PEBHWAYEBERF

R CAT E A 22 B A W T B A PE YK},
{EXZ AL 6= T ARSEW T /. T
PE ) £ 25 T 45 SRR AL, BRI F e da
(A W R LI N A GRS PE R0
It FRRIRIE , 3R PE YRR W R R AR
(lg 2)[39,46,49]O

PE ¥R ALY L FE 1T 20k 4 DB EE
ERH . R . Rk, TEEEM B, Uk
Yi#E PE YRR I35 T8 B AR WU RS, d 2ot 431 22
Wi EOEZRY, BRBERmsKE, 2
A IR AN PE DRERE Y 4 F
BERAEAEARY, KRG, MAEYE— RAEA
feEg L, H e PE RIS, R E
YRR, AL A EAA 10-50 M iy &
RRY P2, X Sefg FEE AR AR P450
fiff . Bk Ll AKB . BB A A AL Y A A
fRRES, Ho, 2022 P4SO B K i .
K S A N R S AL PEYS, bkt AL ALKB 7]
D36 o 2R o BV R i 4 Ak iR AR K PE, AR 1-
BEREel 2-BeRElT R BRI L AL P T DL
i A R AR AR K PE, 14 B 185 F T IS
Y PE #7453 5> v kAL PE 144k, i 4
LWL, Ho0, L T2 R Y PE Hifk,
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