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Abstract; [ Objective ] Bacterial strains which efficiently degraded polyethylene ( PE) plastic were screened from the endophytic
bacteria of mangrove plants in the Minjiang River estuary wetland to provide microbial resources and theoretical support for the re-
search and development of plastic pollution bioremediation technology and environmentally friendly plastic processing system. [ Meth-
od] A selective culture technique was used to isolate and screen the endophytic bacteria with the ability to degrade PE plastics from
the mangrove plants in the Minjiang River estuary wetland. Then the selected strains were inoculated on PE film to comprehensively
evaluate their PE-degrading ability based on the weight loss rate of PE film, surface changes of PE films under optical microscope
and scanning electron microscope (SEM), changes in the hydrophobicity of PE film by measuring the water contact angle, and
changes in the functional groups on the surface of PE film via Fourier transform infrared spectrometer ( FTIR). [ Result] Five endo-
phytic strains that can efficiently degrade PE plastics were isolated and screened, namely Priestia aryabhattai YZS-DOS, Bacillus
siamensis YZS-MO04, B.safensis YZS-C03, B.vallismortis YZS-C10 and Neobacillus ginsengisoli BQB-A20. All the 5 strains caused
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the weight loss rate of PE film to more than 5% within 30 d, among which YZS-C03 had the highest rate of 7.30%. After treated with

the 5 strains, obvious degradation marks and microbial erosion holes were observed on the surface of PE films, together with the de-

clines of water contact angles by 17.83°-29.10° and detection of a carbonyl absorption peak in the infrared spectrum. [ Conclusion ]

Five strains of endophytic bacteria which can efficiently degrade PE plastics were isolated and screened from mangrove plants, which

expanded the selection range of PE plastic-degrading bacteria.

Key words: endophytic bacteria; polyethylene; biodegradation; Fourier transform infrared spectrum; plastic pollution

UTAFR B 2807 R, VEORL G R o B R 7
I, B, AAERERIRNE SR R 3.5 (0,
Horpr, AR IR | 45 44 il 52 0 3R & M5 (polyethylene,
PE) SR 12 B BB 3 L e 4 Ak R AR
A 9% B WA IS . i T PE BRAGPE R E , X
PLH SRFES , Dy AE SR S5 vh R AR, ™ B2 e A 25 3 B
ik, PE ¥RHEA Y SEE A YE T ST
MR (HEAR/NT 5 mm % R K,
EAREESE S FE PE XA A PR BE 5w (9 BF 58 v 45 1
TR 2 B2 - SRR K P, Tl - 39 v iy K o3 2%
R, THAEY AR RN W] A, S RAE YA
(), AR T T B O R 2 B PR R A 2 4
BR RS ) s e IR P o
BHEA LR A Y BE, B 4% s )45 AR X
N f s i fe 2

TR A X BRI AR 4P T THIAS A A T sk ) AR
FH, ANAE AT ek i v 0 2 B v R S BB A0 A
TSk R B R B v i A R
WEoEdE i FA YK PE SR A 7K R — 4R
e, FTA AR DL PE BRI IR BT 75 Yot
fEGER) PE BORL b B 5 vk 32 By 1) 3 R B
Fet? | H 0 2 b 2y 2 4 v R B I RS Y
BN RN E S R PE BUREI S A AT [ i 2R
T, i PE TECRFRIEA U0 0 [8) i BA ] iR
BB T PE & g, AR Az, Ho
2 B IAE PE SR REAR () o2k W o i
THBUE PE SRR & SRS, Nkt PE SR
f AR T E A AT B, BT R IR A B
fift PE SRR B R A R W B (Rhizopus )
T JE (Aspergillus ) | 75 %% W J& ( Penicillium ) sy
Sangale et al''*' 75 4R 438 Gk 10 R AERE A7
PE BRI ELTE , Horbr ) R it 0030 B e 1 2 oK it 2
(Aspergillus oryzae) BAYF5, F[7£60 d N ffi PE ¥k}
Btk 58.51% . ANGAE PE BURHG i [ e
AEEEN, HETH L ReRE i PE BRI AR 15
20 AP LA b, H b 3 A 4 i 5 R R ( Pseudo-

monas) L A& (Klebsiella) ZEFT # & ( Ba-
cillus) A S AT 1 J& (Acinetobacter ) . 7 % Bk H J&
(Staphylococcus ) %771 Maroof et al ™ 75 by 3% &b
BT vy e 6 BRATREAR PE AUAHTE , o sl
R e W B % ZE AT ( B. siamensis ) , 22 90 d Ak
B, PE SRHT AR R 8.46% . 18T FEfH PE YR
TCE WSS, 240 PE R4 TR R H 32 s
SRR A TR R0 R DA Y R i 20 B ) A 4T
B, e, AIESE LI Y N A A0 RIS T 1] 4R
TR RS PE SRR A B AR . DA TR VLI
HBZTARAE ) 04 PN A2 AR DR BB i R R SR EOR
i i HA PE FEfERE B9 N AE A TE , JF 255 I Wy
HXF PE MREM#RE Ty, B TE N TF R SRS G A Y18
SEHOR A HEPREE AU AU S S b PR ZR S fiE
Z%,

1 #BERE

1.1 ##
111 R E A ARl bR o ARS8 5

FIR) T V9T 11 38 b Bk 5 20 B A ) A [ 38 2 A 319
PR AEANE

1.1.2 PE ## {R%E PE MRk 4: 80 H, W H
T EA AL TR A BRAE S PE H 34 A M
TFREREMEA R AR, 4 PE A EH48E5T N
1 emx1 em WJIEJT IR R B 547 e 2215

1.2 EFEREH

12,1 EBHEHFE NABHEE. S3 g FHWET.
10 gfZE IR .5 ¢ NaCl, 18 g Biflg, FH 25 B F /K %
HERZE1L,pH H7.0~7.2,

NBEiFHFI. 3 g FRNE. 10 g EHKF.S ¢
NaCl, H LB K E4 % 1 L,pH H7.0~7.2,
1.2.2 R RE  TWRFETPEHRIEIREL. & 0.7
g K,HPO, - 3H,0.0.7 g KH,PO, 1.0 g NH,NO, .
0.5 g NaCl.0.5 g MgSO, - 7H,0.0.002 g FeSO, -
7H,0.0.002 g ZnSO, - 7H,0.0.001 g MnSO, -
H,0 & FREMIFESZ2 1 LI 1 mol -
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L' NaOH ¥ 17537204 pH 24 7.0,

TETCRRUEA Py R 55 TR S as n 1.5% Byt kg, 1D
RTCHEART YR B FR L FEEARN 9 em (97
MRINRAG 0.02 ¢ B K B PE B AAE Ry M —filk
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1.3 PE MEMRAEMIFIES 16S rRNA ¥7E

K = X R 2 20K 319 Bk P4 AR 405 42 A 2 G
BRIEE Wb AR R L RE 9%, e df 2 b AR R g il
ERTR VRN 22 NA B5 R BT 4 CF 7R,
[T E2F 22 DL PE Ry E— B i JClc A Pk 15 5%
HFF30 °C 180 r - min” YETHEEFE, SR PE [%
fRATATE NA 55534 BT 30 CHiR 24 h 5y
WETCAR AR TE A, IF AT 55 22 [ 8, [l i 2
R UL AR 2R G552 ) 2 10 vk S T R I
AP AR AR K T Y B AR B AN AE NA 8597 3
30 CHiF% 48 h, % DP302 4HE K 41 DNA
PRGN G (RARE AR A PR w] ) 4 s 22 TR
# DNA, fi i 519 27F (5' - AGAGTTTGATCMTG-
GCTCAG - 3") . 1492R (5’ - TACGGTTACCTTGT-
TACGACTT-3") ¥ ¥ 7 16S rRNA FEHY V1~
VO [ AR [X . PCR MK &R % 2.5 pl 10xPCR
Buffer 0.5 pL %K 4 DNA 0.5 pL 10 mmol - L™
dNTP .0.5 pL 20 pmol -+ L' Pf 5[#).0.5 uL 20
pwmol -+ L™ Pr 5[ #.0.5 uL. 5 U - pL™"' Tag, H
ddH,0 #h &2 2 25 pL, & ddH,0 & %5 &,
PCR P2k A T AW TR (1) LA B2 w1
¥ MRHEIN P25 5 XA 16S tRNA JEH 751 5
GenBank 8 2 H A0 B A R AT AHARLEE XT bE K [m] 5 1
A3HT, 8T MEGA 11 BB R G R B,
1.4 PE BEBAEERKHZEHLE

W ImE ) PE B ff 40 B 2 R0 2] NB 3597 2 I
BT 30 °C 180 r - min” WUFEIR IR IR, B 3 h
BRI AE Dy I HIAE R TR
1.5 PE FfREEHHINE

FEIRE R PE R ff 4l 2 A0 2 NB 355528 1,
BT 30 C 180 v + min™ MFEIR IR HE 77 XL
A RKW)E, BE T 8000 r - min™' F &0 10 min, B
DLVE , A 0.9% To 1 A #EL K B0 10 min, B2
YERIWR, AR BLER K BB 2 Dy 1.0
PE SR FRiE e, F 75% SR 2 h, 4 100 mL
TR PR RS SR E T = A, A 3

RO ITHEEN PE IR K 1R R 7% 2 X 804 K4
(1) PE RN LA 1% (R E0) i B2 Rl i P &2
Tel IR YR W AR R v | [ ISE DLAH2 b R AR 1)
KRN Tt R, B Fh Ab B 5 3 A ATREA
P =E T 25 °C 180 v - min EIRIR % K 3: 46
SR 30 d Ji, BUREULER PE IS A o 00 R 1 L
TS E RE A AL g K PR AR 4 120
1.5.1 PEERRENE K PEBEAETHRES
BN 29 SDS W IR VR M 2 b, Bl 5 88 P T Bk
15 min, DA KBRS F 20 09 A B ve ik s, HE
P PE B vk 3 Wk )/ ¥ k% 5 19 PE I
A& TSR T2 d G AkE , PE A
Jr i SR A AR

FEi R 2/ % = [ (W) IA it - B e a6 ) /
WG i ] %100,
1.5.2 PE EHFEREHAHLHENE HICHEKMYE
PE R DL ABR R MR AR B IR Bl PE B & T
B ECH 2.5% ) FE P T 2 hy R S FERS
J3 A 0 [ 2 SE L PE B F SEAT IR K, 4 UK
PE & R & TR B 50 805 3 o 30% . 50% , 70% |
90% . 100% 1 . BE | A AL P 15 min; i /K 58 BT
Jo A FHRCT BB e LB 2 K, AR YK 30 min, R
BM2000 %% b fs 55 (R 5 VLR K BTG A R A
Al ) ME AL HLSE ALY PE IR R IESHAE L, [FE
M5 4 AL FR 5, T SU3800 4714 F 7 i i (kX &4k
H 7SR BT ) W% PE B ol 5102
1.53 PEEHFXREHRAMENE FEiTHEAIE
(%) PE JEF  # KB 1/Kikv% 2 PE B8 3R, W2
TKIAIEAS 3 FE 2R 5 2R H DSA100 &3 JE AR 43 #r
(7 B ERHAAER A FRA A T K % i >
1.54 PEERXEEH#ANT WHETEHN PE
I AR T4 )5, FH Nicolet iS50 {8 HL - 725 48 41 4h
AL (PR R B A | e HR M E e
MSE 2% P 3148 BB 600 ~ 4 000 em™ | 3 B K
4 em™ R 32 X,
2 HR5H5H
2.1 PE BFBHAENFESEE

i e I HE A it B BR T T B, T AR e Y
R IR E IR AR, Pk AR K B SR
KHGEIR AT TE 2 NA 958 F kT B 1
J& , PR B EE IR AT R 0, R ARAE
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3 WA, e 5 MRV AR AR PE (AT, 43 3 2
5} YZS-DO8 . YZS-M04 , YZS-C03 , YZS-C10 ., BQB-
A20,

2.1.1 PE B %W W WA YZS-DOS,YZS-
MO04 YZS-C03 YZS-C10 . BQB-A20 ¥ 8 >~ [GBHE
W, VR R BE R E A TR T sht, iR
A2 TCINE

212 PEBMEmEWHAEEMER HELA

HLAE V.P X5, YZS-C10, BQB-A20 & FH 4,
YZS-DO08 \YZS-MO04 | YZS-C03 5% FH 1 ; 7 24 B 7= iR
RIh HA YZS-C10 2 M A 4 BRI 2P
YZS-C03 J& H,S 155 o — 22 PR i i bk, HiAx 4
PRI P 5 5 AR LAN AY A B AE Ak e b 2 A
2.1.3 PE BfE40718 16S tRNA 2 F 452  FTi
JPah R, ilid 5 GenBank B 14 P A AR 51) E Xt
SR ERRGERBER(E 1),

®1 EMEAERERELER

Table 1 Physiological and biochemical indexes of degrading bacteria

Btk Strain RS V.P i MR it A=A A e
Catalase reaction  Voges-Proskauer test ~ Methyl red test ~ Glucose acid production test ~ Glucose gas production test

YZS-DO08 - - - - -

YZS-M04 - - - - -

YZS-C03 - - - - -

YZS-C10 - + - + -

BOQB-A20 - + - - -
bk Strain W%Wﬁﬂlbﬁﬂ@ ﬁ%?‘i&ﬂzﬂﬂ?ﬁt?ﬁ &é*ﬁ:‘ﬂ(ﬁ‘ﬁfﬂﬁ g e W:Pﬁ&‘«ﬁ'ﬂ% H, S 1A%

Citrate test Nitrate reduction test  Starch hydrolysis test Indole test Malonic acid test H,S test

YZS-DO08 - + + - - +
YZS-M04 - + + - - +
YZS-C03 - + + - - -
YZS-C10 - + + - -

BQB-A20 - + + - -

D FoRBHME, “ - FARBATE " +" indicates positive, and " =" indicates negative.

98

100

98— BQB-A20

YZS-M04

99

YZS-DO08

62 YZS-C10
72 —I: KP994551.1 Bacillus vallismortis strain NBIF-001
IN700114.1 Bacillus amyloliquefaciens subsp. plantarum strain Se12
LC769469.1 Bacillus sp. (in: Firmicutes) P20-F4
MG470698.1 Bacillus sp. (in: Bacteria) strain Z46
MF431753.1 Neobacillus ginsengisoli strain SX7

PP087833.1 Bacillus subtilis strain SYS-Y 105
_|: KY962351.1 Bacillus siamensis strain LGB11
89

MH769149.1 Bacillus sp. (in: Bacteria) strain HS15-1
MG937673.1 Bacillus zhangzhouensis strain SML M 132

33 _|: YZS-CO03
67 MT501806.1 Bacillus safensis strain JLS5
KT719884.1 Priestia aryabhattai strain MSL 3053
54 _E MNO062938.1 Priestia aryabhattai strain EMP15
73

OP364933.1 Priestia megaterium strain L58-B2
MG430237.1 Priestia megaterium strain CS30
el

MG430246.1 Priestia megaterium strain CS39

B 1 ETF 16S rRNA FHIHMER S HhBEBAFN RS HILR

Fig.1 Phylogenetic tree of 5 degrading strains constructed based on 16S rRNA sequences

B 1 7R, YZS-DO8 [ 16S rRNA ¥4 5 Pries-
tia LS K MN062938.1 ) 16S rRNA 551 [7] I
PE35 100% , H-5 B [CZF0FT 16 ( P.aryabhattai) [R) 2k
F—A0r 3 L (WBRPL T 2% 44 45 143 OSID 15 ]
W) o YZS-MO4 ) 16S rRNA ¥4 5 Bacillus 73

A5 & KY962351.1 Y 16S rRNA J¥ %1 7] Y& 1 ik
100% , H 5 3 %' 2 0 4F 1 R b F — 440 32
YZS-C03 5 VD18 ZFHLAT 18 ( B. safensis ) [ 4k T —4>
432 I, H 168 tRNA J7 515 Bacillus H 3 [H 5
MT501806.1 1) 16S rRNA J¥ %1 [a] Y5 #£ ik 100%, 5
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YZS-C10 4bF 6] — A~ #4653 S 72 Bacillus T 5& ]
5 KP994551.1 [ FE A ZEF AT 1 ( B. vallismortis ) ,
H. 168 rRNA J#%1) 5 KP994551.1 1 16S rRNA 74
[&] 95 1 35 100%, BQB-A20 5 N & ¥ 4 #1141 #i
( Neobacillus ginsengisoli ) [F] &b F— A~k 7337 I,
H 16S tRNA J¥ 31l 5 Neobacillus H % K 5 K
MF431753.1 Y 16S tRNA 551 [A) J514:1599.93% ( B
FRHL T 2444 45 1 OSID A% mT i)

ST WL &M AL A A LR b 45 M
16S rRNAJFS 43 M1 01 25 1 € YZS-DO08 Ay Bl [ 2 761
FFEE ( P. aryabhattai ) , YZS-M04 i B 28 0 FT T8
( B.siamensis ) , YZS-C03 {048 2- 14T 1 ( B. siamen-

sis) , YZS-C10 J HE 4% 2F ##F T4 ( B. vallismortis ) ,
BQB-A20 i AN Z 5 ZF AT T (V. ginsengisoli) .
2.2 PE AR LEKER

PE A A0 AELL PE by ME— B 5 Y JC Ak I A
YRR E A KON E 2 iR, YZS-CO03
YZS-C10 7EH:F 3 h Je ik AR K, BQB-A20
YZS-MO4 FE3E R 6 h J5 i A £ A K, YZS-D0S
HEAXTBCE KB e (3680 9 h J5) o YZS-CO3,
YZS-C10 ,BQB-A20 . YZS-D08 ¥J7E4%Fh 24 h J5 iF
AFEW], YZS-M04 WIFEFER 30 h J5 i AFRE W,
5 WRER S 40 B 1E A B0 K A I [R] BB AP AR 25 57
RS E W AR B CR AR,

20 r
15 |
g
Qé Lo —=— YZS-C03
—e— YZS-CI0
—A— YZS-D08
05 | —v— YZS-M04
—e— BQB-A20
00 |
0 10 20 30 40 50 60

t (3%7%)/h Cultivation time

B2 MBREEAFRNERHEE

Fig.2 Growth curve of degrading bacteria

2.3 PE MfRAEX PE EH HIBEER

23.1 X PEEHFREHAENZH K3 Enx,
5 Bk PE WA 40 T A0 B 30 d IS, PE IS 1Y B
WA R IT 5% , i BRLH oA & AR AR Ak, R 5 Bk
AN LE PE BEAR 7 1A B B8R, YZS-Co3 fE
AT, PE B8 R i B 450 2K K fe w4 7.30% 5 YZS-
C10 IR, PE B8 i BT & B AR 0.30 mg, T & i 2K
FN 5.85% , 5/,

232 XMPEEREXEHALSHZH JLEh
B T ,5 bk PE FEf# 40 R AL B 30 d 5, PE B i
2 BB 503 IR B0 R I 5 (&1 4B—4F) | T %
ME4H PE B R (3 A5l B R IX 43 (& 4A) . HH
HL T MBS N, PE 22 5 BRI AH 40 T AL 3 | 3%
AT FEL R I 1 BB S %) 2R 4R sk FL R (1R 5B -
5F), M ARZH 1Y PE B R AR OB (1 5A)
233 X PEEARRTHRAMEN T H  KEHA

el YRS AL R R SR K ML S
IRREEAL 25 R AR fil A BB/, 2 K Pk d 5
32 WoR . PE B R 78 B AR AL 3B AT B A R AT A B K
PR IEMl A KT 90° MHiK, ) Z M3EAK ) ;2
5 bk PE Wi 2R P AL BE 30 d )5, PE 5 A 22 1 Y
KA A/ NT 900, 4 5 BRI AR AN E AL B | PE
IR £ B AR SR KT 15% , T30 PE 5 A i /K
PET R, A Y TIE 20k PE B, H
W YZS-DO8 ZbHLJE | PE R F- 2 11 7K 42 firh £ [ A1 s
FER R, B T 31.84% ;3 YZS-C10 Ab 35 |, 7K 4% fih
£ AR BT fe /N, B AR 719.519% , PE JIRF 26 i
IKPE B REAR, T 5 Bk 5 A 40 7 B A = 5% % PE
EETT

234 XPEERXREERANGH [HHEML
AT AN 5 25 5 (BfEE T, 43 OSID A% AT L)
7N,5 Bk PE B fif 240 04 AL B RT, PE B 7 2 914,
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2 847 .1 471,720 cm™' BT HH BUAFAEIE, 2 914 2 847
em”™ BREE B ANREAIE W S0 06 43 531) p P 648 (—CHL,)
FIY FF B8 (—CH, ) JEBh 51 ; W71 471,720 em™
03T ATV I AR AU 2 M 0 3 J31) iy PP B (—CH )
C—H a5, 5 PRI 40 2L 3T 30 d J5,PE

JE R YITE 1 646 em™ BfHI H BT BT BRI g,
PRIEHE(C =0) RSN IHE, PRILH(C=0) 1y
bR PE KA T AR . KA PE A TES
MRS A VER T 24 T PR fi

mm  AhPEHTR R Mass before treatment

6.0 - == LbHJ5 iR Mass after treatment 780
3 Fim ik % Mass loss rate i s
, 55 F E
g 41 70 g
= =
go 50 - 6.5 =
1 1 60 ¥
=45 L K
— 5 5 5‘]\::('
: ﬂﬂﬂﬂj
4.0 so X
YZS-D08 YZS-M04 YZS-C03 YZS-C10 BQB-A20
Btk Strain
3 MEMEEX PE BERREHFME
Fig.3 Effect of degrading bacteria on the mass of PE film
a
)
1} )'\i
. B &0
B J‘\;‘ C
\ ™ < ‘
2] E F
ATES 1N ¥
AT A& Control group; B.YZS-D08; C.YZS-M04; D.YZS-C03; E.YZS-C10; F.BQB-A20,

4

PEARAEEA T ,PE IR A REELF BHIE T HIRSHEHE (100x)

Fig.4 Morphological characteristics of PE film surface treated with degrading strains under optical microscope (100x)

ASFIEZE Control group (50%) ; B.YZS-D08 (500x); C.YZS-MO4 (500x); D.YZS-CO3 (1 000x); E.YZS-C10 (1 000x); F.BQB-A20 (500x)
5 KBEEEEAT,PEERREEREBRETEME THRESISE

Fig.5 Morphological characteristics of PE film surface treated with degrading strains under scanning electron microscope

N
Bl
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Table 2 Changes in water contact angle of PE film treated with degrading bacteria

. . SEPERTFBE/ (°) PRSI BE/ (°) AR/ (%)

7 Bk Strain X

Angle before treatment Angle after treatment Angle reduction rate

YZS-D08 91.40+0.79 62.30+0.60 31.84

YZS-M04 91.40+0.79 70.83+3.27 22.51

YZS-C03 91.40+0.79 67.70+1.41 25.93

YZS-C10 91.40+0.79 73.57+2.17 19.51

BQB-A20 91.40+0.79 62.50+0.30 30.79

3 it W RUITERUE Y e FE b PE RIS T 4R,

3.1 PE BEfEHE>T PE BRI AR

PE YL 1) A5 A R e SR 3 o 4 2 ok
PPAL, B PE 28 624 0 W Ak I 1) i et s b L
A S DA ED B A B Ay H i T 43 R
FF 1 ( Enterobacter hormaechei) W75 30 d Wff PE i
AR 4.24% 5 ARG AF Y I K it SR B R U
T3 B Y BB AL ZEH0FT 18 ( B. cereus ) RN H AR A AT
W (E.bugandensis) , 535 7E 30 d NAE PE i1 2
5.66% .5.39% ., WG L 5 HRATREME PE H4L
PR P9 AE A0, R 5 30 d J5 32 B0 AS [R) 17 [
RS . YZS-CO3 3¢ BH 45 151 1 B4 i 4 %, ml fiff
PE 7£ 30 d R HFZE 7.30% ; 1M A 80K AR Y
YZS-C10,7E 30 d N{fi PE Bt #i2:5.85% , 5 bkl
fiff 4 PR 1 B = s PE IRE T .

Das et al"® ¥£ PE [ R F4%2Rh i vk 2F /AT i
( B.amyloliquefaciens ) 37 153% 60 d J5 , XL PE I
T TR MRE, AW, & PE FEE 4
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