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Effects of polylactide/polybutylene adipate-co-terephthalate on
bacterial community structure of soil and isolation of degrading
bacteria
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Abstract: [Background] In recent years, the polylactide/polybutylene adipate-co-terephthalate (PLA/PBAT)
mulch films has been widely used. However, the effects of PLA/PBAT mulch films on bacterial community
structureits has rarely been reported. [Objective] The effects of PLA/PBAT mulch films on bacterial
community structure was studied. We isolated the PLA/PBAT degrading bacteria to provide technical support
for in situ remediation. [Methods] The high-throughput sequencing method was used to compare the
structural changes of bacterial communities in the Xinjiang soil before and after using the PLA/PBAT mulch
films. The PLA/PBAT degrading bacteria were isolated by screening medium, and the degradation effects of
the strains were studied by different culture conditions. [Results] After using PLA/PBAT mulch films, the
abundance of Acidophilus and Bacillus were increased, and the abundance of Proteobacteria and
Actinomycetes were decreased. This might be due to the inhibitory effect of intermediate products on pH and
microorganisms during the degradation process of the PLA/PBAT mulch films. Moreover, a degrading strain
XJ11 was isolated from the soil, which was initially identified as Delftia tsuruhatensis. In the screening
medium, 1.5% tryptone was added, 1 mL of seed solution was inoculated, the pH of the medium was
adjusted to 7.2, and shaker conditions was adjusted to 37 °C and 130 r/min. The degradation rate of
PLA/PBAT mulch films (specification: 1x1x0.05 c¢cm) can reach 6.87%. [Conclusion] The PLA/PBAT
mulch films could change the bacterial community structure of soil. Screening the PLA/PBAT degrading
bacteria from the environment was an effective measure to solve the pollution of mulch films.
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Figure 1 Flower diagram of soil samples before and after
using PLA/PBAT mulch
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Figure 2 Microbial composition and relative abundance at phylum level
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Figure 3 Microbial composition and relative abundance at genus level
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Figure 4 Gram staining and microbial morphology of
strain XJ11

TE: A: #2240 B: PLA/PBAT M F3E HINAEKIES;
C: AR/ AT

Note: A: Gram staining; B: Growth morphology on PLA/PBAT
coated medium; C: Lipid hydrolysis test.

R 1 XI1 EREIEIRE WA
Table 1 Physiological and biochemical tests of strain XJ11

W5 H FRAE
Items Characteristic

Gram staining =

V-P reaction =

Methyl red test =
Catalase reaction 4
Starch hydrolysis test =
Lipid hydrolysis test ¥

e o+ BEEE; - BAME

Note: +: Positive; —: Negative.

2.3.3 16S rRNA EEFFI2 4

W 45 A ] DNAMAN #K (470007, 76
NCBI 7E£8 BLAST T HpiffrikH i L2 H)p41 H
Xf, ZERFEBIEE XI11 B 16S rRNA K:[H 5515
Delftia tsuruhatensis W—3 ke, AL 100%.
FERE XT11 By 16S rRNA N F 5B 2 7E GenBank
i, B Eoh MKS574811. BEECS HAIITER
[ 10 NEFER 16S rRNA KA P ER G R E
B, Wil 5 Fras, XJ11 @8RS Delftia tsuruhatensis
FER—4r 3 b, RUEECRMIE.
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Figure 5 Phylogenetic tree based on 16S rRNA gene sequence of strain XJ11
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Figure 6 Degradation of PLA/PBAT by strain XJ11
under different nitrogen sources
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Figure 7 Effects of different conditions on the degradation of PLA/PBAT by strain XJ11
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Note: A: Conditions: pH 7.2, temperature 37 °C, speed 130 r/min; B: Conditions: Inoculum volume 1 mL, temperature 37 °C, speed
130 r/min; C: Conditions: Inoculum volume 1 mL, pH 7.2, speed 130 1/min; D: Conditions: Inoculum volume 1 mL, pH 7.2, temperature 37 °C.
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PEWE . pH SF—3, WS n S i B
%, FEIREEHCR 130 t/min I, kB AGR
6.87%. A ULEERE XI11 FEAMIN 1.5%BREE (I 1) 5
VERE IR, WA RN 1| mL. BiREEEN
37°C. pH W 7.2 XA 130 t/min 50T,
MRAK 4 2.112, PLA/PBAT [HREA#%E K 6.87%.
wmE 8 Ui, SR Z I, fEh
& B R A5 R R XT11 % PLA/PBAT HY it
TR A A B R AR A R, e nT ik
147.2 pg/(em*d), B & T AR AR Ak 5 18 g i i
% 58.5 pg/(cm?d).
2.5 PLA/PBAT # ¥l #9335 BB EE &

Bk XT11 P&/t PLA/PBAT i (& 9AK B
T4, [ (B 9B)M LR AR fRLRE , B
RE/NER, HHERENHBAEY, £
PLA/PABT k4= T [fi# .
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[ —=— Under optimized conditions
—e—Before unoptimized conditions
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80r

[oN)
(=
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Degradation rate (pg/(cm?-d))

s 6 7 8

34
1(d)
B8 FEIFEMEEMH TEE XJ11 57 PLA/PBAT BIPEHE
Figure 8 Degradation rate of PLA/PBAT by strain XJ11
under different degradation conditions

e Ar PRAEEHETT, SN 1L5%IBE A RR T v b, 15
PR I mL, 6B 37°C, pH 7.2, #ERE M 130 t/min; B: Ffk
FRAcEmT, e, HFhi 1 mL, R 37°C, pH 7.2,
PEAHE T 130 t/min.

Notes: A: Under optimized conditions: In addition to 1.5%
tryptone in screening culture, inoculum volume 1 mL, temperature
37 °C, pH 7.2 and speed 130 r/min; B: Before unoptimized
conditions: Screening culture, inoculum volume 1 mL, temperature
37 °C pH 7.2 and speed 130 r/min.

9 PLA/PBAT [#%HI 5 BI B2 E (10 000x)

Figure 9 Electron microscopy before and after
degrading PLA/PBAT mulch (10 000x)

(jjf A: F%ﬁ@ﬁﬁ, B: F%%E

Note: A: Before degrading PLA/PBAT mulch; B: After degrading
PLA/PBAT mulch.

3 WiRE%i

5T W], PLA/PBAT 7E 1 5 h [l 1
AR U AR FLR . %R T RV )
R, FRACEIEAY pH {H, MARATEIPY. 2Ep
M 1P R AR s AR R
FETE Z2 Al it 22 3R 95 12 P R g 40 125120201
HYINRCEY), (R T pHEN TR, I T

LRGBS, P b A e ) BRI i
YA —EMEIER, rUETR T SR
MFEEDINTET 3.4%. 7.8%. 1EJEKF L, 78
TEW TR R e L 3 %S
WIF A AW BAT RAT A REARSCR SR
PG, R Z B i, FE TR
T 0.7%. B, AR EEAZ A 16S rRNA JE
I ZHEET 2 AR 1E . Sff5 R 16S rRNA JE[H
(AN [) DX 385 91 B 52 0 o 22 0 P B 3 B 22 R S
IR ARl . Sun ECMRGRFSE SR EM, Ve X
(R R B N 12.9%, VA-V5 [X A Al L B A
KR 3.0%. ASSCHRAIME V3-V4 X, XA gEff
RTINSy Z RS A . AR B, AT
PLA/PBAT HuIAGfFH, *grss b iy A T 1R T ]
FOMCER VAT TG B B R L DT 5 e A5 T8 1A
I ST TA T VAR G Y B figé TR %) PLA/PBAT R A
T LA AR AT b BN - 358 v 43 B 0 R AT R AR
PLA/PBAT A=Y, T 13N, s
PLA/PBAT 2 Hl JIE:H5 A i PR3 )

Delftia tsuruhatensis J& T W ], JB—MT
AT RSP NHAEY, Baic R EA
fif AR AR P 30 B 3 B % R IR (poly-3-
hydroxyalkanoates, PHAs) 4 Z R4 HL15 441
REJT, XT PLA/PBAT M4} R ik i oA D4l

H AT o8 & BB E W% PLA/PBAT 4544
BEEASRRMREE ST, U0 Muroi 250N+ 3 B575
F|—*¥k Bacillus pumilus, 7 30—40 °C. 120 r/min
PRARZE R R SR S B A% PBAT B(1 cmx1 cmx
0.1 mm), FEMZIUHN 12.2 pg/(em>d), Bk %
I 1%; B AR PO 39 4y B 15 3] PBAT %
fi#t 18l Sphingopyxis ginsengisoli, 60 d PI%} PBAT i
BL AR 2 AUAT 0.92% o ASHIFST DT i - 48 v 43 9 5
—#k PLA/PBAT [%ff i XI11, 2B, EHg
B L 1% 16S rRNA JE[H 781 3 i) 2 4 5 K Delftia
tsuruhatensis, TE—E M4 F%F PLA/PBAT P&
RKIE T dNATIR 6.87%, TR HATHGE A
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