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FEfRCR . S5RR, APk B3 78 7 d X PBAT MIRFffRES, 15 17.85% + 11.22%; JEF 1 BiEE (AFM) 2477w,
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Abstract: [ Objective ] Poly (butylene adipate-co-terephthalate) (PBAT) serves as a crucial alternative to conventional plastic
mulch films. However, the presence of aromatic chains renders PBAT more recalcitrant to biodegradation compared to other
biodegradable plastics (e.g., polylactic acid). Moreover, there are limited microbial resources exhibiting efficient PBAT
degradation capabilities. [ Method ] This study employed a soil-compost enrichment approach to screen high-efficiency
PBAT-degrading microbial strains. Microbial consortia were enriched at 60 “C under thermophilic composting conditions using
PBAT as the sole carbon source, yielding six candidate strains (designated B1-B6). Degradation efficacy was comprehensively
evaluated through mass loss, surface morphology analysis, and water contact angle measurements. [ Result ] Strain B3
demonstrated superior PBAT degradation efficiency, achieving a 17.85% =+ 11.22% mass loss within 7 days, exceeding currently
reported values for PBAT-degrading microorganisms. Atomic force microscopy (AFM) analysis revealed significant surface
modification across all treatment groups, with B3-exposed PBAT exhibiting the most pronounced surface roughness(Ra = 44.84 +
26.48 nm). Concurrent physicochemical characterization showed a 15.6° reduction in water contact angle, collectively indicating
substantial polymer matrix alteration. Taxonomic identification through 16S rRNA gene sequencing classified strain B3
as Parageobacillus toebii. In addition, characterization of the degradation performance of the mixed microbial consortium
(designated as MIX) showed that MIX achieved a PBAT degradation rate of 12.48% =+ 1.11%. Although the impact on surface
roughness of PBAT was relatively minor, MIX induced the most significant changes in water contact angle, indicating a
pronounced degradation effect. High-throughput 16S rRNA sequencing analysis revealed that, at the species level, the dominant
strain within the MIX consortium was Parageobacillus toebii, accounting for 98.50% of the population. Other minor constituents
included Aeribacillus pallidu s(1.45%), unclassified g Lactobacillus (0.01%), unclassified_c_Bacilli (0.02%), unclassified k_
norank_d_Bacteria (0.01%), and unclassified_g Clostridium_sensu_stricto_1 (<0.01%). These findings suggest that the PBAT
degradation capability of the MIX consortium is primarily attributed to Parageobacillus toebii. Through whole genome
sequencing and Kyoto Encyclopedia of Genes and Genomes (KEGG) gene function annotation, it was identified that strain B3
possesses genes encoding enzymes relevant to PBAT degradation, including carboxylesterase, arylesterase, long-chain acyl-CoA
synthetase, aldehyde dehydrogenase, alcohol dehydrogenase, and catechol 2, 3-dioxygenase. Based on the above results, the
potential degradation pathway of PBAT microplastics by the degrading microbes could be inferred as follows: (1) [nitial
hydrolysis: PBAT ester bonds are first cleaved by carboxylesterases, releasing intermediate products such as terephthalic acid and
adipic acid. (2) Aliphatic chain metabolism: Adipic acid is activated into its CoA derivative by long-chain fatty acid-CoA ligase
and subsequently undergoes B-oxidation catalyzed by acyl-CoA dehydrogenase to form acetyl-CoA. Short-chain aldehyde/alcohol
byproducts generated during aliphatic chain metabolism are further degraded by aldehyde dehydrogenase and alcohol
dehydrogenase. (3) Aromatic ring degradation and ring-cleavage: Terephthalic acid undergoes hydroxylation to form catechol,
which is then cleaved by dioxygenases, producing intermediates that enter the tricarboxylic acid cycle. [ Conclusion ] This study
successfully isolated Parageobacillus toebii B3 as a high-performance PBAT degrader through multi-parametric characterization
(mass loss, surface topography, and hydrophilicity changes). The findings provide both theoretical foundations and practical
microbial resources for controlling biodegradable microplastic pollution.

Key words: Poly(butylene adipate-co-terephthalate); Soil biodegradable mulch film; Change of microplastic surface property;

Microbial degradation
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AR A YRR R e Z — o BT H R AT I
T VERE TN T, PBAT B 32 JH T nl (i Ak
PR A= . RS, 2018 43k [E PBAT Hufif =
Ok 338 07 t, HEREHKEHREY,

SR, PBAT 1R RE 1 52 F 3 S5 b 5 e 44
Ko MERIRNIHE-D5 LY, PBAT iy & iGss
9 B TT B AE 5 AR AR ] e, AR T 2R
FLE2 (PLA ) SF4fifigViiG ol B ok, HAE AR 3R
355 v 10 A e N S U R T 7 Tl M I A AR A
FT, PBAT WIfE¥CH NSCBLRERE, R7E AR Lo
Hh, HLSE A WA T RE TR BRI (ARG,
PBAT 1t H SR 58 h ) 1 208 )l & e 58 (R
SF 1 nm~5 mm fERL), FB0FR R, HAE -5
) T B i AT AR G R SR MR 1~2 A
Hom gl VY, s nl Az R A (1 fl 4 S8R A AU i
T IEIACYEST, 38 AT R TP ) AR S AR
LA, BAWTEA SR . K, WARRf# PBAT
TERIEARIE TP R B A R L

A R HES) PBAT 1 38 b S 1 1% 00 B 5y
KlF. PBAT FITEGLAE W) 7= A IS AE T B 46K
il AR F ALY, &AL CO,. HO0 45 TCHL
Y. BETCA SCERIGE Z R Atk B 5 PBAT FEfiGE
71, W ZEFFT B8 ( Peribacillus frigoritolers ), %
H AT E ( Roseibium aggregatum ZY-1 ), R
& ( Pseudomonas ). B ¥T 1 J&( Chryseobacterium ).
5 A K B ( Klebsiella ) . 5 37 5. Ml 1 )&
( Stenotrophomonas ) LA KW % K% ( Trichoderma
harzianum ) S50 O OBRIMT, 55 Al AT AR Ay R A 9
BAHEL, HRTEAE PBAT M EMEEAR, H
REETIERM T MR MR, fhn,
B 1) AR A5 O B\ s 9 v O 0 1Y 22 LR i 4 22 A
( Sphingopyxis ginsengisoli ), TEWAEEEFE 60 d J5
PBAT UKL B AR 0.92% 5 1496 455 I iz ¢
Y PP SR R RD1-3 A1 N1-2, 7E
28 CFHESE 8 JAl, X PBAT MY REfRFE4051H 6.88%
I 6.49%; ki % U0 1 1) A1 36 IR B8 ( Delftia
tsuruhatensis ) TE & & RE AR RILE (PLA)
/PBAT iR g 7 d N REARETT A 6.87%. 3k
WEGE R, 42T PBAT 1Y - 498 R i 20 3 ik 75 i 126 L
7 T iR [ A BE 7 1Y ) RE TR K o

AL, AL RS R P B BT TR (g
. SR LAY EE) SAEIMEIE KRR AR —E

AR, AR ol 7 4 TR A 72 10 R i v i 47 43
KITET, B, 2024 4FH% b s i | E 53 b X
[ EE SR 45 CULE, BT H3ETE 508 BUR
TEOCHERR” UL L, EAT g Hh ek v R At
) PBAT & fiff o Ak 78 52 b 380 5% v LA 7RI
P, HAT, WEHTH TR S 0 A AR T AN [F) 4 B A
SN Necee $78:- 1 L = Na SR 1/ n iy -2/ (1152
TR ( Thermobifida fusca K13g ) 5 WEIR M /INEEH
¥ ( Bacillus pumilus ) 25 WRRLE & iR A (Unsfe
AEERSE ) KB R AFAY PBAT REffRGE 11 (RS EiR
27 14.3 pgrem *-day ' ).

FEF I, ABFIE UL S8R A HE LIRS i 5
5, BN ARAEE TR H A& PBAT FEffRE 1M
DIfew bR, RGVPAL R Re e, IR HAE LS,
IR AT A= W R e SRR b S P PR A T R VAL 5 R RS
YL R 6 AR (A VS SR el 5 R e U S A

AR ik

1.1 RIER R

111 AfAEW RO 5 el A
R figt A SRR R R 2R & R R R T R
( PBAT ) %L, PBAT RER7IE) [ 3 i i 04 oo vl B2 JiE
WARRATE, WS AL ( XH-430B, 2K
MAERABRA T, WINAERSE) Hl& B REZ 50 um
1) PBAT i, WOREST AL — 22 DU B il FE AR I
150, 160, 170, 150 °C, WAKEL (B0 EHAR:
HAE) R 13, ERME R 1.2, FILE K
5mmx5 mm RS, A 75% (viv) OB ([EzZh4E
)R 0.5h 5, FHEBET KM 3 K, MABH
PE Ve ds OB A 5 min, T VRS UG CE T & A
KT 24 h, HHETIEEE TR

1.1.2 RS RS RIERGMEEY
BHOFE: K (10g). FifFk (6 g). EA2k(6g).
BHREL (6g).

1.1.3 Ykt s st oy s i i AR 5
J TR P B IR (MSM ), H4l 4k -
K,HPO,-3H,0 0.7 g, KH,PO, 0.7 g, NH,CI 1.0g,
NaCl 0.5 g, MgSO47H,0 0.2 g, FeSO47H,0 0.002 g,
ZnSO,7H,0 0.002 g, MnSO,-H,0 0.001 g, ¥ ik
AT 1L 20K, H 1 mol'L™' NaOH #8715
pH % 7.0,
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Ytk B EIR MSM R 95745 250 mL, i
A 10 FK T ) PBAT BB (2 emx2 em ) Ff o

RSy B aifb G 338 . B Bk MSM K533
A 15 gkg ! Billg .
1.2 TERGHIRREILIT

#EF 1000 mL H#EJEIE , n A ik £ HER A W
Yk, JRFE IR A 30 Foiil £ 19 PBAT S8R}, #f
TRHERR IR AR AL (C/N) 1E 25, HUE S = W ik
IRBE T HENE, e M AL JE 300 v g o SO0 B A ket A
WFE R B K (200 gkg™' ). pH (7.5~8.5),
PRHEAEFEFRAF A GB/T 20197—2006 & fif 5k 2
ML Ar2s . bR MR AREREER ) MR HR bR
1.3 EMFEESEERE
1.3.1 SR BR A 9 B A for HE A IR B2 T 2
60 C ( HENLIEIA] ) 1F, B fir A PBAT AL,
ASEAT S0 mL, 20 g'kg '+ ke LA AREY (SDS)
VW) TCRE R R, O TR R G R R A T LA
60 °C. 180 rmin' FYZMHRY 2 h, (HRENERS
AW TS Ao s, A A B
1.3.2  WRTERE AR o 0y & AR S 15 3 A B TR LA
2%( v/v )RR 2 TR W) Eh 15 7R3 ( MSM)
o, A IR I SR BERE SV g ME— iR, 60 °C.
180 rmin ' JRFGRTFE . EWIHEE, (LM
JEE I E B #5600 nm AR A E M ( ODggo ), 24
BEFRR R ODgoo i3] 0.8~1.0 JGakaeitis, skt
KRR w i, iz RER 3 P,
1.3.3 WTEMMMEN B E BEEFEEER
FRURRRBER RS, Tl & AN IR T BE O DR B, P
BEUR AT AR IE A B bR, K R A TR MSM,
JEFICE R PBAT MBI R L, PRk Kl
R TR A TRIZR 5 8, el Ak A5 5 6 i TE 1) PBAT
VefR bk, 4r9l4r4h Bl. B2, B3, B4, B5 Al
B6, AR4ifbiyiR# w4 H MIX.
1.4 AEERIBERRIERE DT
141 HFEEREIT  KBEEEZEMTEA 5 mL
MSM (/NSRS LA, P83 TR 47 TR Y ODgoo 1H.
g 0.8~1.0, HAEEFIFMA 3 FEEKE
1 cmx1 cm [ PBAT RHEAR ( FifI2) 7 mg, &
A 25, Wik, radmrhame PBAT 15
FEH PR IR E A B R ), JEHCEF 60 Chn
P BREFR 1AL R E X AL, KRR T A

AW &4 PBAT YRHEARE A MSM £ 41 ]
B AT W, 1R AXTIRAL (CK ),
1.4.2 PBAT ¥BRIEMRITH —J& 5, BURET
A RS PBAT Wi, B I & 7E SDS Wi,
DL 180 rmin”' FE 4R % EVE 4 h )5, FHJCHK bk
JEARIR T R E B % KT FR i PBAT i
FEfnnfa mo R, JRARYESX (1) 1155 PBAT WY
Rfi R, % I8 3R AR Y P X PBAT R 152 M (4
KRR ), KRR PBAT RS
CK 411" PBAT [fifZar 2218, VE A X PBAT 1)

m e re —M L
PBATB&%@%/%: YU T P At ) I i XlOO ( 1 )
Tl i

1.4.3  RIHDREEEUI  FF T i B A 1 1Y
PBAT Wi HJE T ) i ( AFM ) %8 PBAT
FLHTES, i Analysis Studio 3XFHL& 1AM
JE CEXPHBERE, Ra). AFM JES0 5 278 I 4 4%
fil %55 3X NIR2 441 #Y Nano-IR ¥ %% ( Nano-IR2
AFM-IR, Anasys Instruments, Santa Barbara, J5[H )
HEAT . B R TS Y PBAT SERRS 6 B 42 2 cm
WRIE AR R b, JBCE T REBRFE 42 b, SRAT NIR2
PREF LABE i35 15 PBAT Yk)32 1 1) M8 1O 50 25
. EEEMART 0.5 Hz MEARERM 5 pmx
5um PHEREEER R S EG, BG 0 Pk
300x300 4%,

1.4.4 0 B KPR D JFH 7K 2 fi 1 0 224
( SDC-100, AWK H AU ARAF, WINKRZE)

RAEFERTT S PBAT JE Fr i /K 84k o B T 485 1Y
FE SRS B fE R A R, B E KR AR R

2 uL, FAMEFRE S, it SCA20 ( Version
2) WX RS KIS PBAT 3 T 4 fih £ 1547401
G W,

1.5 BHMEESRMERZE

1.5.1 Ry R4 L% DNA $2BGK
#] & FastDNA™ Spin Kit for Soil ( MP Biomedicals,
Santa Ana, [ ) BUHERAE 7 kST A Wy T B
DNA 132, {#i F§ NanoDrop 2000 I 5E DNA ¥k Ji& Fl
4 fF; ffi ] 338F ( 5°-ACTCCTACGGGAGGCAG
CAG-3" ) I 806R ( 5-GGACTACHVGGGTWTC
TAAT-3") %} 16S rRNA F[H V3~V4 A48 X 1T

http://pedologica.issas.ac.cn



1600 + b1

63 %

=

PCR §8%, Jid PCR =Hylnlific, 4l FiAs il e &t
Ja 72 , A H lumina 2\ 7 AY Miseq PE300/NovaSeq
PE250 “F-H#ATIF ( b3+ Ay 2R A R
AIDS
1.5.2 45 SR CHRIE Sl R AR AR X
Fofa, IR ILER I TR E ( RIS Y
BE 25 B BRA ] o B a7 51 5 56 [ [ K AR )
ARG B bt (NCBL) Bl 1E D EA 155 3147 5E
TR LR LR R T H (BLAST) 7047,
Fe B R IR PR AR PRI 16S rRNA ZEA 51,
K H MEGA 6.0 5 48 #:7%5 ( Neighbor Joining )
WERG LTI [FHE AT 200 b 315 >R 4
Fie 7 B (SEM ) WLEEHIE SR,
1.5.3 XK ANy RN TG B TR R X
PBAT HYREMEHLE, R ZACFF & Illumina X%
DNA #4745 BRIy A= 045 8.5 00 i (B8
HAEVWEAR AR AR = F G, http://cloud.
majorbio.com ) o FEFTI A« 751 41 % Fl gt J [H]
T, 38R 2 B 2 5 g i i A AR [
HIXHNAHER 2 (KEGG) Bl F X dt 17 3fig
T o B0 7 T AR 1 5 DR A 91 55 AR b B30 2 3T L
T 3 NEFREH (dnaG, fir, infC. nusA. pgk,
pyrG. rpld., rpIlB. rplC., rplD. rplE. rplF. rplK,
rplL, rplM., rpIN, rplP, rplS. rplT, rpmA. rpoB,
rpsB ., rpsC., rpsE., rpsl, rpsJ, rpsK. rpsM, rpsS.
smpB . tsf) WEPAEFN B iR 19 PRIA,
i1t MEGA 6.0 3k {26 #% Neighbor-Joining %44 & 5
G
1.6 HEXRITHWERE

K H Excel 2020 #& 2 F1 73 #7040 , >k H Origin
2022 2z ifl A Ak B A 3 R 2 R4 fih £ AR TR
KR ZE 208 ( One-way ANOVA ) Xif 5256
AR AT ST b, Gt B E M P<0.05
(95% 5 ); B E AU PBAT ¥} 41 3 4F Sy Xt
R 2H D56 E S8R AR 2 W 52 e 00 AR AR T, 2L
Tl M W U S I o N o A o 74 D)
LA RO T R i Bl 1% 22 . IR T MIX /Y 168
e 308 A5 fefE T Fastp PR X JBLAG DU 1 1 41 14 47 5T
RO i UPARSE #fF, AR4E 97% 114 AR b1 B2 X
Fe B #EAT AP 2R 5ot (OTU ) R I A Brifk
AIRE,

2 R 55HS

2.1 PBAT REZBRRELTL

SRR B e o A2 P S e 0 ) B 2 1S bR )
Ak, Hop R R i LR R e bR, R,
ARWFFE B S AT T AN B R AL B AL PBAT £ 5 5T
Ak . PBAT W AE NI MR IR R T 4555 7 d 5 B%
SRR 1 frs, UL PBAT ME—BRIERT, Hik B3
X} PBAT B Rarm, 7 d JGRERRIL 17.85% +
11.22%, HYCHIRA Rk MIX FIE K B6, [FEffR
SRR 12.48% + 1.11%F1 11.20% + 0.74%., HATH
¥k (B1., B2, B4 #l1 B5 ) X} PBAT (1[5 FITE 5%
KUIF o eI w2545, Btk B3, MIX A1 B6 X}
PBAT $Ak A7 A i i B A VR

SEA MR GEA L, AR R R (O
HJE B3) Xt PBAT (SRR o Hilhn, 5K
A TS0 1 B A 3R [CAR B ( Delftia tsuruhatensis ) 1
3 (W) 7 d J5XF PLA/PBAT & fit AL K
6.87%, WK TAWFRH1 B3, B6 Fl MIX b3
HEER ., 5 Pan GEURIE MW VEAN B Roseibium
aggregatum ZY-1 FHLL (20 d F&fRZE 2.29%, 40 d
7.81%), AWFFEfEtk B3 78 5 I 1] Ny 30 5
1o Y A A7 BE 1 PBAT N ME—BR TR, 7 d B A7 17.85%
+ 11.22% ); Wufuer 2PV B TERRTE 8 BIG 355 [
ffE 3R 12.45%, SAHIEGE T TR G DA R B R AICR AR
M (12.48%), HABH B TR B3, XH#EE0
R A Fh T Bk RD1-3 1 N1-2 78 28°C F F#fi 8 J&
JE RN 6.88% = 0.06%FH1 6.49% +0.01%, 7
[ R %DV B 1Y Sphingopyxis ginsengisoli XJSL2 1
60 d PIXT PBAT UKL AYREfERIUN 0.92%, 4103
T AT IR ARBCR . Ak, o8 7E 85 77 3%
RN T AN SRR AR AR ) DR BE i
YAk, BN, skELEETHRGE B Delftia tsuruhatensis
XI11 FEBIRE H RS54, 7 d WX PLA/PBAT
MIREfRR R 6.87%, IR TAMIR T B3, B6 Fl
MIX AT T SR E F7 5540 N R AR . o1
SR I 1] 22 B A A - SO T R R
FARZRTE S dINXT PLA/PBAT JIS 1 B i 25 4 18.95%,
W& = T AT 17.85% + 11.22%. tHILZ T, AHF
FEHIEBE B3, B6 Hl MIX 7EA 704 4] S50 Rs% J5 F1
FCA B R B A 0 S5 T, S AT AT s 0 A Y B
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fife R, FRUHEAGKMN PBAT Mkt Xl g
5 TR B PRI S U RCR A G, ARWFE TR
60 CryidhEE MR, M BEA AT PBAT 201
HEMR R BUKR , BT, AR TR
R SRR 2 —SH, SRR ML,
Thermobifida fusca K13g Fl Bacillus pumilus i
PBAT MWEHYZCE (2 143 pgrem2d™) U2 7%
TARMFRGER (2858 pgrem 2d ™" ). HkAT W, A&
IFFEGH e 19 B3, MIX F1 B6 X PBAT HAT R 4F 1Y
BEMBCR o SRINT,  FROR BT 00 2% J2 T M sk ik 1) e
TR, (AANRESE 4 R MO R R g R B 2Y 8T
MR IROE S . SREi KM L E RE 55 2R E
AL L ENIE

35.00 *

30.00 - 17.85

DN
e W
==
S S

N

12.48
T

297 11.20
T

5.05
5.00F 0.00 I
0.00 [

B1 B2 B3 B4 BS5 B6 MIX
Kb ¥ Treatment

[ Degradation rate/%
> o
= =
(=} (=}

T : BI~MIX, 435 HE #& B1~MIX 5 PBAT JtH55%; *,
SRR BEER (P<0.05); **, 5IFEAESHA W %
5 (P<0.01), SR # )7 224341 ( One-way ANOVA ), FIA]. Note:
B1-MIX, co-cultured with PBAT using strains Bl to MIX,
respectively; * indicates significant difference compared to the
control sample( P < 0.05 ); ** indicates highly significant difference
(P<0.01) by one-way analysis of variance ( One-way ANOVA ) .
The same below.

K1 BEZM/AEZHRT M (PBAT ) ME7EAR
BIHRIA R TR 7R 7 d 5 s

Fig. 1 Degradation rate of poly ( butylene adipate-co-terephthalate
( PBAT ) film after 7 days of incubation with different bacterial
strains

2.2 PBAT MZRIREMEIREZN

NT HE ARSI R T PBAT RIHIE M2
5, R HH AFM XIRE S R IS SR UEAT R, B L
FHLRE B2 AR Ak o ) D #6325 2 ( Power spectral
density, PSD) & (&l 2) A1, 42 BEs B W {E X 1,

T i AR I o R 2 , X ket 2 I R T T 35 4% 1) [
PE, WERZ0385) . oy bR, ULRAAESE AR
v 2% T TR S0 55 RELRE B2 235 SR T o ARG AR it 2R 1H TR 5 T
DU, AR B IRk & o PBAT (R HIE S ARk
FESER, WE 2 Fras, AR R IR TR R S
IREEERE DGl , IFA# 7 d J5 B2 F B3 ZbBR4
PBAT MR HIE AL, BB MT, i
B, sSEEFRE,; P, RBIE AFM ESR
HEREHAREREE (Ra), it LR, Arf 28
211y PBAT 1 Ra ¥ TlRs R 2ibies (& 3),
Hih B3 AMIEE R i (44.84 £26.48 nm ), B2 Ik
(38.46+20.10 nm ), —FH5FIARZILFEMII 2T
EME2%S (B3, P<0.01; B2, P<0.05), ifi Bl. B6
Al MIX B FhALHL] PBAT 1M Ra 5 AN 1 CK &b
P 2R AR (P>0.05), DL ERIFEHK B2 fil B3
(JuHAE B3) %} PBAT A EHTEAEMH A,

ok ik DX SRR R 1 ) P e R s 1 A O e 3 T
MY ASSE | SRR RIFLER =AY, B E G B
Y%, AR A RE R = e OB, fE izt #
PBAT FIfi o] BE R &R ki Az m!™, 5l
SR R AR 2 O, MR RN Rz, &
Pl T DL SE A8 MR T O i R e
UL, 75 2% PBAT [FEffid BAESE—2L 04T, LI
E B3 % PBAT 1[5 f# 75 11 .
2.3 PBAT ¥Rk EERKETL

o il 2 T 7K P A8 A 2 o S R 8 i 1) T L
TEFEARET, SR — 25 W0E A3 41 R BR X PBAT # 5 0
FEfgERE, 08T T R AT IS PBAT R 1H /K #2 fil f1 A8
25, QK 4 FoR, AR Y S bn AR Sl K 322
filf A 78.85° £ 4.65°, CK 20N 76.39°+1.97°, %
T CK 4145, 6 Fi &k AR R Ab BEZH b PBAT 36
AT 7 fh ) S B AR ( P<0.05), Hith B2 Al B3
PRALEEZ H PBAT KT /K35l M AR EE B K, 43
S ZE 60.04° + 3.40°H1 63.21° + 11.23°, LAl L,
2 TR PR BE LR RE BE IR PBAT 98} 3% I B /K
PE, B PBAT WifEARARTEAICE K, X AT REH T4
B2 FE S AR, SO T SRR i R T T S
REM A (N 0 RE A SEpl e SR A A 38 m ), 2
TR KM, [ T A R A0 A 2 T ) 28 R AR
KU, DL g5 SRR eI PBAT MR EA R
U 1) I i 8 SR o
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2.4 PBAT MZRIBEMEEESRIE

MR IR RS T 0, 2l B3 AR
MIX X PBAT {5 i # A B A A8 R el o BRI, e
YR MIX 47 T 16S i &l /7 00, 45 5% an ikl
Sa Ui, SEFPOKE LS, IR MIX b4 X e b
R HERE M ZE AT ( Parageobacillus_toebii ), 5t
98.50%, WWAMAIFES 2SS EEMFTR ( Aeribacillus_

pallidus g Aeribacillus , 1.45% ). unclassified c_

5 pm
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30.0
250
20.0
15.0
10.0
0.0

Bacilli ( 0.02% ) . F ¥ H
Lactobacillus, 0.01% ). unclassified  k norank d_
Bacteria ( 0.01% ) FIRARZEAEAFIE (unclassified g
Clostridium_sensu_stricto 1, <0.01% ),

X B RCR e i Y AE R TR bR B3 AT TEIE S WL
ZXH116S rRNA JEHFHI0HT . 2R AE 5 i,
B3 WY AATE AN KAPIR . BBl . s Es], KB
16 2~3 um (& 5b), 16S rRNA MF45 % Bon,

( unclassified g

221 nm
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(e}
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T
(=}
T

80 nm

70

H:oa) REEMAEL PBAT #AK (UBP) REJEME; b) REMMEFA (CK); o) WMEF B1 415 d) BNEF B2 41; e)
WINTERN B3 415 ) WINGER B4 415 g) WNTEFR BS 415 h) INEF B6 41; i) WIEA WA MIX 45 a°) ~17), SABARE S
FHEE A VT 7 AU SR X L e D) RS B AT 45 . T IAl. Note: a) Surface morphology of pristine PBAT film (UBP ); b)
PBAT film without bacterial inoculation ( CK ); ¢ ) PBAT film with strain B1 inoculation; d ) PBAT film with strain B2 inoculation; e ) PBAT

film with strain B3 inoculation; f) PBAT film with strain B4 inoculation; g ) PBAT film with strain B5 inoculation; h ) PBAT film with strain

B6 inoculation; i) PBAT film with mixed culture MIX inoculation; a’) -i’), The two-dimensional power spectral density analysis results

corresponding to atomic force microscopy ( AFM ) imaging of surface topography for each treatment group sample. The same below.

K2 PBAT WA R MR R T 1G5 7 d Ja ) RBIE S GAE E

Fig. 2 Changes in atomic force microscopy ( AFM ) topography of PBAT film surfaces after 7 days of cultivation in different bacterial strain
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13 PBAT M7 A ] B BRI 2 T B 9% 7 d s Fe ML RE
[

Fig.3 Comparison of surface roughness of PBAT film after 7 days
of incubation with different bacterial strains

¥k B3 5 HEAE M ZE AT ( Parageobacillus
toebii ) AIME SRR (88% ) (&l 5¢). 43R4l
W e 25 Rtk — 23R W, R S Parageobacillus_
toebii|lGCF_003688615.2 7E [l — 4y % - LI J 1
M 99.7% (&l 5d), 2 IR PR A 5 2% ¢ R AR .
254 SEM MBI A RN JE R P 45 2, Btk B3
J& T Parageobacillus toebii, —Fh F AT & . H
T G T 25 AT T8 s 4 BT 8 ik i 0 0} Y i 92 2 A 4

i, WA ZEHAFE ( Bacillus subtilis ). Bacillus
pumilus . Peribacillus frigoritolers. V> 18 2 HAT B
( Bacillus safensis FO-36b ) Flfift & ¥ 28 F0 AT B 74 bk
( Bacillus amyloliquefaciens ML274 ) 55 ¥ HAG [# fi#
PBAT 45 nJ A= 4y e it G MR B 1725290 PBAT
LG C R T R R IR D R R B ( BA)
FLER X R R A B D7 B R EE B (BT ), BA i
B v | 5 A A, B8 5 B S /N o (A
O WR. T ), M BT 88BEAEREHIEE,
e o Wl A BE = ASOK A o ZEAUAT IR B B A PBAT
P BIL ) 3 2 A 4 T AR 7K AR R B A A R A G
BB, 2R TR 38 R 23 40 DA TN Tl R AR JO I 4 K i
fi, B4, Bacillus subtilis 7] 431 fA S B CutA,
E R ZEAT B ( Bacillus megaterium ) 3 W s Bt
BmEstB, X 0% F B A e EVER . AT A AL
it PBAT 459K} 002 Parageobacillus
toebii JEHENE A EE b5 UL A BRI bR, 0 TE 52 AT v R0
ffeF e R (B2 (YRR FTa,  H gt
AT A= A 68 i SRR} ) 86 i 2ok B o R AR B G TE . AR
S0 L A TR bR B3 JE T R, S iR A — Ty T AT
AR =S E R B3 XF PBAT ffRiStaE 1, %9 —
AT3E N PBAT /KfgFEEE, HEUAEDR AR5
ALY PBAT i 5 5% TRDRH RS B2 384 I . 27K Pk g
176 R T A W A vk 5 i ) B AR, AT
HE— 25 b T R R 1 e U )

B4

B5

b) k%
r E3 1
r £ 1
100.00F T — ) !
T %%k 1
| '**—\
MIX 78.85
e L 76.39
& 80.00 76,39 6321 6706
2 66.72 67.
s 6337 60.04 1 L6563
<
£ 60.00F 54.52
8 .
8
= 40.00
B3 00
£
&
2
% 20.00F
00708p K BI B2 B3 B4 B5 B6 MIX

B6

AbF Treatment

Kl 4 PBAT MiBEAEAREARIA R TSR 7 d Rk mHEAA L (a Bl b Bk )

Fig. 4 Changes in contact angle on the surface of PBAT film after 7 days of incubation with different bacterial strains ( a. images of contact

angle; b. bar chart of contact angle values )
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a)

W& unclassified g Clostridium_sensu_stricto 1 OOO%
KITIEYNTH unclassified k norank d  Bacteria:0.01% =
FLFFIAIR unclassified g Lactobacillus:0.01%
EAUFTEAN unclassified ¢ Bacilli:0.02%

VSRR IR Aeribacillus_pallidus g Aeribacillus:1.45%

b)

SEARTT#E Parageobacilus toebii-98.50%

NR 117157.2 Pa cus strain DSM 9572

NR 104806.1 P icus strain M1

NR 116986.1 Pa ticus strain R-35644

NR 117156.1 Pa bacillus themantarcticus strain DSM 9572

NR 116983.1 Pa strain R-35637

NR 112058.1 Pa strain ATeC 43742

B3

NR 116984.1 Parageobacilus toebii NBRC 107807

NR 025143.1 Parageobacillus toebii strain SK-1

NR 116998.1 Geobacillus themodenitrificans strain R-35647
NR 028708.1 Parageobacillus caldoxylosilyticus strain S1812
NR 119004.1 Saccharococcus thermophilus strain ATCC 43125

NR 036770.1 Saccharococcus thermophilus strain 657

P M | i /|GCF_000380965.1
G llus_the an |\JCA 001610955.1
G ans_A|GCF_000948285.1

bacil
Sacc}mrowccus mldoxylosrb»ncuﬂGCF 0006327151
P |GCF_001295365.1

1 I Im:bil\GCF 003688615.2
Ectobacill anlr1|GCF 003852715.1

Bacillus_A_y weoides_B|GCA_002582035.1
Bacillus_ _A_sp000383235|GCF_000383235.1
Bacillus_pumilus G|GCA_001938995.1
Bacillus . |GCF_000262045.1
Bacillus licheni, \uCF 000011645.1
Bacillus_glycini |GCF_001042475.2
Hundrzclam oleroma\GCF 0178092151
Peribacillus _sp900112495|GCF_900112495.1
i llus sp018613195|GCF_018613195.1

Bacillus AZ_persicus|GCF_900109925.1
SutcliffiellaA_horikoshii_ C|GCF_002157855.1

Bacillus BA _abyssalis|GCF_002019595.1

.1 0.2

o) WEERFKCEBEE 2 PTUHE; b) B3 BRI B FRMEIE; ) B3 BN 16SIRNA REKBW; d) B3 THHKM L
TEFRIELHEPFEAIEIL/2H7. Note: a )pie chart of species-level community analysis of the mixed culture; b )scanning electron microscope

image of strain B3; ¢ ) 16S rRNA phylogenetic tree of strain B3; d) phylogenetic tree of house-keeping genes of strain B3.

K5 IRERRET

IE N B3 TR E

Fig. 5 Community characteristics of the mixed bacterial culture and identification of strain B3

2.5 PEFREXT PBAT B EIHEBERERIRE

Ry — 2RI Y 1) A RS PBAT AR (1Y
Wt 72, AR KEGG A/CIHm i fr, 100 0 ik
(R R TR 6T PBAT SRR T REARhE I . S5 T R4
K H EEAMMIRS R 255 5 4 ( PICRUSE )
J7¥EXT KEGG 38 BT H /s, 2 5 [ 14T %
fife PBAT 4 JI5 (14 V5 7 ity 2 2 A0 3 18 O Sty . Pt &
Wi, KEEASNTRR-FE A HERERG . PREBEIL-HIRE A
WA, LA 2, 3-XUMARE . 3, 4-—REHKL
iz 2, 3-3UNMABFRRRERIS (% 1), H, K
HERR TR - A MBI N T R A b ) G
ALK BERR R (QnAEAmR . ThHARAE ) SR A
g4, A RUIRME-HEE A (acyl-CoA ) B9, Shit—3
AT B3 AR S# PBAT B 4> F3Eml , AW UEAT T
SIERAM ., IR KEGG MREEINRETR, 5
PBAT YRR A SC B g A% 3L R 31 36 2, 7 B3

BRI AR P 5 SRR IR (EC3.1.1.1) PR
Ke—AGmtih 55 Kl (EC 3.1.1.2) MUIEN resd, %
SRR A MBIk A ( CECT 5344 Witk ) B%,
HEHEM, BEAE K% PBAT K@ T 40 fiush 22 5 1% /K
FRBER R R R AN (EC 3.1.1.3 )02 401
Bl (EC 3.1.1.1) FIff g (EC 3.1.1.74) 28k
A K PET 8¢ PBAT %54 R A48 42 I it
HEMNX =W/ T PBAT FPAYMERSHE, 7 50H
PBAT /Kfift H AT — R (A), XARZHR (T).
1, 4- T8 (B) sCHZERY) (W1 TB 1 BTB 4 ).
I L R K R AT, SR (4n TB A1 BTB) #f
REBLE— DAy K T F0 B,

Ak, A K EEmE L A A LA ( EC
6.2.1.3 ). MM A ( EC1.2.1.20; EC1.2.1.16;
EC1.2.1.79), BB & (EC1.1.1.1) FULAE 2,
3-XUAN4AEE (EC1.13.11.2 ) S5 56 5L PR ol 4 5
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(% 2). PBAT WilTEVEM R P T AR /BB /K B3 MR 3k SRR, A4 H7 PBAT WEf#
BE IR W8 P AP, WA T MDA [CREIRA bRl i b AP 2 LAWY A AR T PBAT o
Fa-ARA A ARBR LS — SR IR A, BRI STRRRE R TR
HEA B A R BRI ARG PBAT Fefi ARG R R - HOR A AL T 2R 5 520 11 48 1
SRR PR 2 B R R B (O A A, A pHL AUKOR . R YIRS SR BRI
HEA SHRRIETR, WMMAEDIRERERY, L% MMESH LR EER. G, FEREk R
B 2, 3-WUNNARMER PBAT il — IR0 c  ERRBHEESE, AR EIRZ R,
Wiz, HM3, 4-TRIKZR 2, 3OUNARGT A CUHE S AR A TR IR £ G 48 4
UMHFFIR, S5 F S Y PRI ep, (EE IR SRR R BRI, EL
SA DL SRR, TR PBAT BBk XEHRES . SIS AR E YIS 4T,
B AERE R AR I T : (1) Wk, ¥, JESb, SEhRESER pH . Kk %Ak PR 3 sl
TERMREENEN T . PBAT BRERVINCY, oot K, BRI BIUL, bR B3 BLASpR 15
—HR . ORI (2) Jeiieae  MOTIEE, T RE S PP O AR TR ARG A R ARt
TR . O R B K BRI S A A s BT X TTRE S SO A Bk B3 1) PBAT AR
U A BT, OFLEREE-AEE A Bram T (. PRI RO E D 0 S o A
W2 B R B A ISR R SRSV SRICHAE SR L R S
o 0 VB P S Pz R
BUARERE %o (3) FFRERREMEIT RIL R, % 2 Hf

R BILRE . BRUNRRIFE, k= 3 & 18
FRRIFES (TCA) HIRHIHEA TCA TRER. ALt
2 i R SN A B 1 % T B AR i PBAT T BEFE Ak B A i e 0 B B

R 1 TEEME B3 P SHEERERA X GBIARMNRSERAITHERRELEST TR PICRUS HREER
MEFRLAEREP KEGG T ifi@Eg)

Table 1 Enzymes related to microplastic degradation in the screened bacterial strain B3 (Kyoto Encyclopedia of Genes and Genomes (KEGG)
predicted metabolic pathways based on Phylogenetic Investigation of Communities by Reconstruction of Unobserved States2 (PICRUSt2))

it % Enzyme name 53245 (EC) Number Iifi€ Function
i (i (NAD® ) Aldehyde dehydrogenase (NAD (+)) EC: 1.2.1.20 % SR A Y R R
KA NE TR -4 TS A 4 R Long-chain-fatty-acid-CoA EC: 6.2.1.3 14 PBAT KGR i BRT 1b R N IE-Fi B A
ligase
rPBERERE-HE A i ZUBE Medium-chain acyl-CoA EC: 1.3.8.7 PRAL TP EERE IR (C6-C12) FIMEEE-CoA AfE
dehydrogenase L)
Z LA Alcohol dehydrogenase EC: 1.1.1.1 ¥ 2 S LA S - A

JLZEr 2, 3-XUIN4EH§ Catechol 2, 3-dioxygenase EC: 1.13.11.2 20 LZEBY (AR7E By ) B HA AR M i s B B

3, 4-ZRERC 2, 3-BUINARE 3, EC: 1.13.11.15 U5 HER ., ZHGERNE YRR

4-dihydroxyphenylacetate 2, 3-dioxygenase

FRERTG K Carboxylesterase EC: 3.1.1.1 JKfif: PBAT H (1) T gt

. BEC, HEPrAf2~Z 4. Note: EC, International Enzyme Commision.
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Table 2 KEGG annotation results of genes related to PBAT degradation
KEGG H KEGG H %
RH KEGG 8 - . . )
o . KEGG M5 [H 45 ESEVA KEGG [ER T Agdtik” IF] 388 1 iy
= i
zﬁ%@‘} éﬁ%‘@
3.1.1.2;
gene2913 tesA pmar: BOX71 13420 K10804 PS4 A BRERAR T Acyl-CoA thioesterase I 3.1.1.5;
3.1.2.2
22 PRI D-NZARE-D-IN = BRIk
genel020 pbp4b gtn: GTNG_1288 K21469 34.16.4
Serine-type D-Ala-D-Ala carboxypeptidase
genel646 yvaK gwc: GWCH70_2956 K03928 FRIRMG B Carboxylesterase 3.1.1.1
sste:
gene2354 yvaK K03928 FREAME S Carboxylesterase 3.1.1.1
SAMEA4384403_0674
KAEMESLAHEE A A LB Long-chain acyl-CoA
gene0220 fadD gwe: GWCH70_2629 K01897 6.2.1.3
synthetase
KEEBEILAEEE A A U Long-chain acyl-CoA
gene2245 fadD gwc: GWCH70_0656 K01897 6.2.1.3
synthetase
RE WIS HE G A & HHF Fatty-acyl-CoA
gene2418 K00666 gwc: GWCH70_1943 K00666 6.2.1.-
synthase
e WimEIL 4 BE A 5 LB Fatty-acyl-CoA
gene2651 K00666 gth: Geoth_1781 K00666 6.2.1.-
synthase
3-( B AL )TN BEAH s A 1% 3% 3-( methylthio )
gene2927 dmdB kak: Kalk 14380 K20034 6.2.1.44
propionyl---CoA ligase
3-( AL I BEAE A JE 4R 3-( methylthio )
gene3490 dmdB pat: Patl 1913 K20034 6.2.1.44
propionyl---CoA ligase
TetR/AcrR FJGEHe s K1 (JR TR A5
gene0219 ysiA gwe: GWCH70 2628 K13770 ) TetR/AcrR family transcriptional -
regulator, fatty acid metabolism regulator protein
BRI B S i — TR T I S ity 1.2.1.20;
gene0581 gabD bece: BC2241 KO00135 Succinate-semialdehyde dehydrogenase / 1.2.1.16;
Glutarate-semialdehyde dehydrogenase 1.2.1.79
gene0579 adhl ptb: DER53_ 12035 K19954 Fi i ZUAfF Alcohol dehydrogenase 1.1.1.-
gene2683 adh2 gwc: GWCH70 2858 K19955 [ &8 Alcohol dehydrogenase 1.1.1.-
gene2684 adh2 gwe: GWCH70 2858 K19955 Pt ZUAf Alcohol dehydrogenase 1.1.1.-
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KEGG H KEGG H&
A KEGG EF ) 5
. KEGG #H 5" ZIFIE KEGG 1R IRe ik [T 52 1) il
éﬁ gg\l: z /J\‘g/ -
gﬁ%@r, 4 g:\(u
gene3488 acd gwc: GWCHT70 1226 K00249 WL 5 A I EEE Acyl-CoA dehydrogenase 1.3.8.7
gene0911 acd ptb: DER53_09190 K00249 B 4TS A i S0 Acyl-CoA dehydrogenase 1.3.8.7
B L (R4 ) Alcohol dehydrogenase,
gene0750 adhP pcal: BV455 01918 K13953 1.1.1.1
propanol-preferring
gene0754 yiaY caby: Cabys 569 K13954 Ji£ i Z i Alcohol dehydrogenase 1111
gene2085 adh2 gwe: GWCH70_0570 K 18369 [} &8 Alcohol dehydrogenase 1.1.1.-
genel495 yaeR ptb: DER53_03690 K08234 L T 1 R 1 Glyoxylase I family protein -
gene2330 catE ptb: DER53 07510 K07104  JLEH 2,3-XU%F Catechol 2,3-dioxygenase 1.13.11.2

" 1)E-fH: <1x107°, Note: 1)E-value: <1x10°. MGene_id, @KEGG name, @KEGG_genelD, @Ko _id, ®Ko_description,

©®Ko EC.

K JESURDEE B Fg K AR A SF 2R PR RAE, 2D
i et %) PBAT b Bkt HAT R RE A RCR 1 T
¥k . Ak Paragebobacillus toebii B3 FlIRA F#E MIX
( Lk Paragebobacillus toebii B3 AL ) X} PBAT
VR B 3K IR BE ), TR R B3 X PBAT it
i, Wik 7 d JEPHREMRATE 17.85% +
11.22%, HAEBEI S0 PBAT 21 JE S0 R Mg K
PET FEAERRIE o G0 4 BE K 20 7 F1 KEGG BE K 1)
REVERE, B3 fFE1E4mES PBAT PR HH OG0 JR MR TR Il |
O3 HEMRNG . REEBEELA I A G g . WA P
Jit S AT LA 2, 3-XUIN AR A A . AT DL, TRk
B3 TELL PBAT hy 32 % JFUR A A 4y 8 it i ) 3 ik
1R HA TR I A
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