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Isolation of PBAT plastic—degrading bacteria and their degradation characteristics
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Abstract: PBAT (polyadipate/butylene terephthalate ) mulch is one of the most common biodegradable mulches. It is eco—friendly and has
good heat resistance and ductility. PBAT mulch has gradually been commercialized, and the output of it is currently increasing year by
year. We obtained bacterial resources that could efficiently degrade PBAT mulch film, by isolating plastic—degrading bacteria from
environments where plastics have existed for a long time. A total of 6 potential PBAT plastic—degrading bacterial strains were isolated, and
two highly efficient PBAT-degrading strains ( Pseudomonas sp. RD1-3 and Pseudomonas sp. N1-2) were identified based on their PBAT
degradation performance. After 8 weeks of degradation at 28 °C, strains RD1-3 and N1-2 showed PBAT degradation rates of 6.88%+0.06%
and 6.49%+0.01%, respectively. The two strains increased the surface roughness of the PBAT mulch and formed many gullies, pits, and
folds on the surface. In addition, the two strains reduced the hydrophobicity of the PBAT plastic mulch surface, and introduced new polar
functional groups such as —C=N, —C=—=C— and —OH into the mulch. The strains RD1-3 and N1-2 are preliminarily determined to
have good PBAT degradation ability. The results of this study expand the resource library of PBAT plastic degradation bacteria and provide
theoretical support for further research into PBAT plastic degradation.
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Table 1 Physiological and biochemical test results of potentially degrading bacteria
K2 o ik 2 11 i PR A B R 10y it H.S 74 H,0, fiff VERD I
Strains Urease test Casinse test Laccase test A Laccase test B Lipase test H.S generation Catalase test Amylase test
NI1-2 - - - - ++ - - +
RD1-3 ++ + + + +++ + ++ +
N3-2 +++ - - - + - - +
D4-2 - - - - ++ - + +
D2-1 + = - - ++ . + +
D5-3 - = + - +++ . + +

T AR BT LU LRSI 5 - AR R AN R LE AR I 5+ A B R BT ™ A2 12 SR AR RE T <

Note:"+" indicate that the strain can produce the corresponding substances ;
The number of "+" represents the ability of the strain to produce the substances.
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Figure 2 Weight loss of PBAT plastic film by different strains
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Figure 3 Scanning electron microscope observations results of PBAT plastic film before and after degradation

by different strains(x3 000 times )
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Figure 4 Atomic force microscopy observation results of PBAT plastic film before and after degradation by different strains
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Figure 5 Fourier transform infrared spectroscopy analysis of PBAT plastic film by different strains before and after degradation
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Figure 6 Decreased water contact angles(WCA ) of PBAT plastic film before and after degradation by different strains



RUFERG | 45 : PBAT M I 28 0 16 S EL R A FRED 52 135

KA R AR RELRE B2 38 7 A B4 A RGRT A A
5L 359 ) T Tl W e R T 14 B R Y
O NTTTRE— AR T T PR B B fige A 411

4 £t

(ARG MBI 37 + 38 b 43 B A5 31 6 R AE 1Y
PBAT ¥BHA A 147 , 18 1 XF 6 Wk 181 %+ PBAT R figp- M e 4%
BIZER T , T AT B PIRR = 2% A PBAT B 2
ML , 53 5] N Pseudomonas sp. RD1-3 Fll Pseudomonas
sp. N1-2,

(2)28 CLAFF , 2 8 A1 5% , IR X PBAT #b
IS (1) WA 22243 391 6.88%+0.06% 1 6.49%+0.01% .

(3) PARR A FH 8 J& U , PBAT it i 26 i 2 H BB
AR A8 5 VA AR R A R 0 o, L T 25 4 v
HH BB AR BB AT VR T S AR PR

S Lk

[1] Accinelli C, Abbas H K, Shier W T, et al. Degradation of microplastic
seed film—coating fragments in soil[J]. Chemosphere, 2019, 226: 645—
650.

[2] Harshvardhan K, Jha B. Biodegradation of low—density polyethylene by
marine bacteria from pelagic waters, Arabian Sea, IndialJ|. Marine Pol-
lution Bulletin, 2013, 77(1/2) :100-106.

[3] Koitabashi M, Sameshima—Yamashita Y, Koike H, et al. Biodegradable
plastic=degrading activity of various species of paraphoma[J]. Journal
of Oleo Science, 2016, 65(7) :621-627.

[4] Rillig M C. Microplastic in terrestrial ecosystems and the soil?[J]. Envi-
ronmental Science & Technology, 2012, 46(12) :6453-6454.

[5] Mehmood C T, Qazi I A, Hashmi I, et al. Biodegradation of low density
polyethylene (LDPE) modified with dye sensitized titania and starch
blend using Stenotrophomonas pavaniill]]. International Biodeteriora-
tion & Biodegradation, 2016, 113:276-286.

[6] T, Avf, #a&itd, 25 . A= Wy s EAE R B WF 0L e ()], LAY
B, 2019, 47(12) : 150-153.  DING Qian, YU Jia, JIANG Xin—
man, et al. Research progress on biodegradable mulching film materials
[J]. Engineering Plastics Application, 2019, 47(12) : 150-153.

[7] Pignattelli S, Broccoli A, Renzi M. Physiological responses of garden
cress (L. Sativum) 1o different types of microplastics[J]. Science of the
Total Environment, 2020, 727 : 138609.

[8] Q1 Y, Yang X, Mejia Pelaez A, et al. Macro— and micro— plastics in
soil—-plant system : Effects of plastic mulch film residues on wheat(Triti-
cum aestivum) growth[J]. Science of the Total Environment, 2018, 645:
1048-1056.

[9] /™ E 2R, X ERY, SPWL, A5 . F 1l b A 35 0 5% B s A S B4 L
AR 4l 77 J5 5 BR824 41, 2014, 31(2) :95-102.  YAN Chang—
rong, LIU En—ke, SHU Fan, et al. Review of agricultural plastic mulch-
ing and its residual pollution and prevention measures in ChinalJ].

Journal of Agricultural Resources and Environment, 2014, 31(2) : 95—

102.

[10] Souza P M S, Sommaggio L R D, Marin—Morales M A, et al. PBAT bio-
degradable mulch films: Study of ecotoxicological impacts using Alli-
um cepa, Lactuca sativa and HepG2/C3A cell culture[]]. Chemosphere,
2020, 256:126985.

[LL] P50, ] SCI, KR, 45 . A A0y 3 ik o IS R A X A A 7 Bk 14 5
Wi P AIF 5 )], AR A PR 24 41, 2019, 28(3) : 580-586.  FENG
Huan, HE Wen-qing, ZHANG Feng-hua, et al. Study on the perfor-
mance of biodegradable film and its influence on cotton yield[J]. Ecol-
ogy and Environmental Sciences, 2019, 28(3) : 580-586.

(2] AT 2R, miE, R, 4 X - R T i (PBAT) %
7R VAT B4 4 5 M S R AR S AE O D0 (], BT SRR O R 2 2017, 54
(11):2086-2091. HUO Xiang—dong, GAO Yan, LIN Qing, et al.
Isolation and identification of poly (butylene adipate —co—terephthal-
ate) —degrading Bacteria[]]. Xinjiang Agricultural Sciences, 2017, 54
(11):2086-2091.

[13] FGER . BEARURLAY R R BULR 23710, m Rk 5774k, 2020(2)
56-62. HE Xiao—nan. Analysis of the development status of degrad-
able plastics[J]. High—Technology & Commercialization, 2020 (2) :
56-62.

[14] B3R, FARAE, KBIUR, 45 . PBAT AE ) WA A o X i s E A 46
T HOK IR R s RS m )], Al TR SR, 2017, 33(16) £ 135-
143. WU Qiang, WANG Zhen—hua, ZHENG Xu-rong, et al. Effects
of biodegradation film mulching on soil temperature, moisture and
yield of cotton under drip irrigation in typical oasis area[J]. Transac-
tions of the Chinese Society of Agricultural Engineering, 2017, 33
(16):135-143.

[15] Muroi F, Tachibana Y, Soulenthone P, et al. Characterization of a poly
(butylene adipate—co—terephthalate) hydrolase from the aerobic me-
sophilic bacterium Bacillus pumilus[J]. Polymer Degradation and Sta-
bility, 2017, 137:11-22.

[16] 5Kf, BI5, Hm e, & RIAMRARC ZR-W R IR T R4S
S A TR VR R 1) 5 ) B H R R D F R S (. P AR
2020, 47(2) : 420-430. ZHANG Min, JIA Hao, WENG Yun-xuan,
et al. Effects of polylactide/polybutylene adipate—co—terephthalate on
bacterial community structure of soil and isolation of degrading bacte-
ria[J]. Microbiology China, 2020, 47(2) :420-430.

[17] Barragan D H, Pelacho A M, Martin—Closas L. Degradation of agricul-
tural biodegradable plastics in the soil under laboratory conditions|J].
Soil Research, 2016, 54(2) :216-224.

[18] Esmaeili A, Pourbabaee A A, Alikhani H A, et al. Biodegradation of
low—density polyethylene (LDPE) by mixed culture of Lysinibacillus
xylanilyticus and Aspergillus niger in soil[J]. PLoS One, 2013, 8(9) :
€71720.

(19 AR, Ji 530, BRI, 45 . SR LR IR 7R 141 Mk 07 10 M 7 M e i R A
L1 A8 4z, 2013, 40(9) 1 1560-1569.  LIN Juan, ZHOU
Jing—wen, KANG Zhen, et al. Isolation, identification of poly lactic ac-
id degrading microorganisms and optimization of the degradation pro-
cess[J]. Microbiology China, 2013, 40(9) : 1560-1569.

[20] Sekhar V C, Nampoothiri K M, Mohan A J, et al. Microbial degrada-
tion of high impact polystyrene (HIPS), an e—plastic with decabromo-



136

URERIR Rt Y F 405 5E | H

diphenyl oxide and antimony trioxide[J]. Journal of Hazardous Materi-
als, 2016, 318:347-354.

[21] B )50, JH 2. 4T, 45 . SR ST ORALAR I R I DNA S 5 A1 1R R 1)
HJ] 2 F5 597 %, 2018, 39(2) : 177-180.  CHI Yuan—long,
TANG Yao, JIN Lu, et al. Identification of bacteria and yeasts by
using an alkaline lysis method for DNA extraction[J]. Food Research
and Development, 2018, 39(2):177-180.

[22] Hou L, Xi J, Chen X, et al. Biodegradability and ecological impacts of
polyethylene—based mulching film at agricultural environment[J].
Journal of Hazardous Materials, 2019, 378 :120774.

[23] Yang J, Yang Y, Wu W M, et al. Evidence of polyethylene biodegrada-
tion by bacterial strains from the guts of plastic—eating waxworms[J].
Environmental Science & Technology, 2014, 48(23) :13776-13784.

[24] Yang Y, Yang J, Wu W M, et al. Biodegradation and mineralization of
polystyrene by plastic—eating mealworms : Part 2. Role of gut microor-
ganisms[J]. Environmental Science & Technology, 2015, 49(20) :
12087-12093.

(25] LR a% . AR S A I3 TR 0T 7K S 3 0 A K e fh 7 1149 5
Z[J]. BBl 55K, 2014, 34(2) : 1-4. ZHU Zhen—xin. Hydrophi-
licity, wettability and contact angle[J]. Membrane Science and Technol-
ogy, 2014, 34(2) : 1-4.

[26] Restrepo=Florez J-M, Bassi A, Thompson M R. Microbial degrada-
tion and deterioration of polyethylene: A review|J]. International Bio-
deterioration & Biodegradation, 2014, 88 :83-90.

[27] Wang H, Wei D, Zheng A, et al. Soil burial biodegradation of antimi-
crobial biodegradable PBAT films[J]. Polymer Degradation and Stabil-
ity, 2015, 116:14-22.

[28] Kunlere I O, Fagade O E, Nwadike B I. Biodegradation of low density
polyethylene (LDPE) by certain indigenous bacteria and fungi[J]. In-
ternational Journal of Environmental Studies, 2019, 76(3) :428-440.

[29] Ojha N, Pradhan N, Singh S, et al. Evaluation of hdpe and ldpe degra-
dation by fungus, implemented by statistical optimization[J]. Scientific
Reports, 2017, 7(1) :39515-39515.

[30] Tan F T, Cooper D G, Maric M, et al. Biodegradation of a synthetic
co—polyester by aerobic mesophilic microorganisms[J]. Polymer Deg-
radation and Stability, 2008, 93(8):1479-1485.

[31] Koitabashi M, Sameshima—Yamashita Y, Watanabe T, et al. Phyllo-

plane fungal enzyme accelerate decomposition of biodegradable plas-

tic film in agricultural settings[J]. Japan Agricultural Research Quar-
terly, 2016, 50(3) :229-234.

[32] Kijchavengkul T, Auras R, Rubino M, et al. Biodegradation and
hydrolysis rate of aliphatic aromatic polyester[J]. Polymer Degrada-
tion and Stability, 2010, 95(12) :2641-2647.

[33] Abrusci C, Pablos J L, Marin I, et al. Photodegradation and biodegra-
dation by bacteria of mulching films based on ethylene—vinyl acetate
copolymer: Effect of pro—oxidant additives[J]. Journal of Applied Poly-
mer Science, 2012, 126(5) : 1664-1675.

[34] Kawai F, Watanabe M, Shibata M, et al. Comparative study on biode-
gradability of polyethylene wax by bacteria and fungi[J]. Polymer Deg-
radation and Stability, 2004, 86(1) : 105-114.

[35] EZL 2 . HLRAR AR I NY3 JRAR/IN G371 4 B HoAR S 2 A
R PE LIS TEID]. 7% : P FRHE R, 2017:96-98. NIE
Hong—yun. Studies on characteristics of the secretion of extracellular
small active compounds by P. aeruginosa NY3 and their promotion
mechanisms to the efficiency of biodegradation of hydrocarbon[D].
Xi’an:Xi’an University of Architecture and Technology, 2017:96-98.

[36] Sangale M K, Shahnawaz M, Ade A B. A review on biodegradation of
polythene: The microbial approach[J]. Journal of Bioremediation and
Biodegradation, 2012, 3(10) : 1-9.

[37] Sharma A, Sharma A. Degradation assessment of low density poly-
thene (LDP) and polythene (PP) by an indigenous isolate of pseudo-
monas stutzeri|J]. Journal of Scientific & Industrial Research, 2004, 63
(3):293-296.

[38] Kyaw B M, Champakalakshmi R, Sakharkar M K, et al. Biodegrada-
tion of low density polythene (LDPE) by Pseudomonas species[J].
Indian Journal of Microbiology, 2012, 52(3) :411-419.

[39] Bhattacharya P, Lin S, Turner J P, et al. Physical adsorption of
charged plastic nanoparticles affects algal photosynthesis[J]. Journal
of Physical Chemistry C, 2010, 1 14(39):16556-16561.

[40] Liu H, Xu J, Liang R, et al. Characterization of the medium - and
long—chain n—alkanes degrading Pseudomonas aeruginosa strain SJTD—
1 and its alkane hydroxylase genes[J]. PLoS One, 2014, 9(8) :e105506.

[41] Perz V, Hromic A, Baumschlager A, et al. An esterase from anaerobic
Clostridium hathewayi can hydrolyze aliphatic—aromatic polyesters[J].

Environmental Science & Technology, 2016, 50(6) :2899-2907.



