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TIEPRCEHIEMERIGE. £ERERTE
WE, BMEE, K, BRE, FH, B, KAOE, A%

PR KRRl 2a B, IRK BRI S A B AR E SR, KR Em R E S ERE,
HPE 400715

WE. [ BHY ] A ML 325 R 2 (polyethylene, PE), PRIHME I FRAR, HR T &«
TEYL ATIFSE A H A 2 A RS ) L B R Gk PE MR, JEHRITILNT PE Sk po R frshe . [ ik ]
RAEM +ARE S PE S —iE I TCHLER B SR 0 T e 4, ik . 4lifk PE FEFRIA, B iR EIEA
gutn | AR . 16S IRNA JERP A b A 48, Rl HAEAN[F] PE W EE (0%, 0.05%. 0.10%.
0.25%. 0.50%. 1.00%. 2.00%. 3.00%)fJCHlEhiEFRikrh A Kih, et i . Jeimss,
HGr I 43 85 VRN A P Hb S ) B v o [ 458 ] N BRI R i e AR A5 — AR AR OB A% PE M5 B R AR (i 24 K
SW1), W) %5 Ho iR B3 R IR 8 Nocardia sp.. SW1 A4E KX PE EA B Sk BEARM , 755 2%
PE A JCHLER B R A K e D, TERGFRINES 48 h BB B PR I 38, 26 60 h ik Ef K, MEAT
PE (CHLER S R AP AR LA . TR RS UEER T, 35 °C 3557 15 d Jm, HARE B gen] WA K&
P AR SR TR A, BRERTAHRE, PR B BRE; 1557 60 d J5, JEBEMEs nl IR TR AR

B, H BB [ S5 I P il e 3kAS T —RRBEE A RU% MR PE il Sh A LZR IR Rk Nocardia sp. SW1,
SRR T PE il W E YRR IR, N PE SRR FE Y 00 LR MRS AL TR B 5 2%
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4000 73 t YRR SRR ORI T, R MRBIRAERHE, ARE XMELLB A IR O H AT,
“EEEgt ) RUEFEYNATLR SR R SRR YA ILE B R U A A B ik i

EEWB: W RERFAEQHEN LT H (FERTH) (S201910635050); B PR & 2540 E et UE I 5 ORI H (171010);
PO R A B ] E A B SR RI(CX2018097); 5 H REL73E4:(31972776)

"BIEIEE . Tel: +86-23-68252365; E-mail: lalsos@swu.edu.cn

YrkS BHA: 2020-01-03; EEIHHR: 2020-04-15; M4 HAREHHEA: 2020-05-21



XIFKEE | Y4k, 2020, 60(12)

2837

TR AT S b R R A IR,
2 10% MR TSRS, H i HofE LUgE R
fife, MM L3, JFRRAR LIEAE ™ 15 ST
547, FFAl ISCH ™ A2 i AARE, (B 3 2 R)et
SEBERAIE, JF Al EZ M B AUR I CO
SO,. M, MU E T RIGH
A EAT ERA Y OAZER 258 R RIE,
MY PE SRR S Ro 2 — R A
U FRANISR R LT TSR T Jen-hou 55T 1961
IR BIRAS PE B, HRTC sk r £
il PE FEFRCEYD, AN ANFLIRREERK TR (Streptococcus
lactis) . 48O AR (Staphylococcus  aureus) . il
BR T (Micrococcus sp.) . & i A8 ¥ #F W (Proteus
vulgaris) . 8 5.} (Pseudomonas sp.) . ZFAAF
(Bacillus subtilis) . }f¥T 1% (Enterobacter asburiae)® ",
HorET 7 AR TR AR T IR
(Amycolatopsis orientalis)""; LA (Aspergillus
niger) . K % (Trichoderma sp.) . T %3 (Penicillum
sp.) O, HAYET 3 AAIRE o AT N H AR
R PR R L b sEh T e 445 T — BTy PE F%
fRER SWI, W14 HR Tk m v K R R
(Nocardia sp.), [FIIS & BRIZ 53 B XA I LA
TEFERAGRE. AR, R KSR A5
RV SOl s e . BEER L ORI S AT AR
WA NG 05 A A sEm U &4 ALY |
e /R AT NG WA R (ERE I E SARE R 5
PE J5HIHIE . ISR T8N PE SRLE 5
AR AR 557

AR

1.1 H3EHS . PE fEER
THERENL . 2018 4F 11 H 20 HRETHKL

PN 12 ] R A A FH b A 55 4 HH (106,413,
29.824N). ZAHABFFPEIRIZE 10 4E 454, FER
YEW i ILRER 3, anilise . 638 oSk, B3
85, BURERT, A FH 0 I3 55 5 7E 70% LA o

PE: V-3 73 ¥ %t 4000 11953 146 PE ¥3 K (Sigma
N w], L AR (— MG IRV A ], P E P

BRI (1) LIRS (/L) : K,HPO, 0.7,
KH,PO, 0.7, MgSO,-7H,0 0.7, NH,NO; 1.0, NaCl
0.005, FeSO,:7H,0 0.002, ZnSO,-7H,0 0.002,
MnSO,-H,0 0.001, pH 7.2; (2) LB §:3:3(g/L):
JEREE R 10, MERREEEY) 5, A4kEN 10, pH 7.4,
1.2 FHRRERNESERrEsiMl

e RER HEFER 1 g iINA 150 mL JEHL
G FRIE, FOES, HAS TIERR R
20 pL il 75 0 SRR ERN B 100 mL 7 1% PE
MICHLER G FR 3, 3B PE JME—RRUR 1 TAIAK
[FJERRE 20 WL il 25 A T SRR B2 3] 100 mL Y TG
MLEREE SR LR AE XTI, F 35 °C L 150 t/min 555,
B HWES, FsgR AL M, BUEFRI 20 uL
FIXF I T BB SR R AR LG AR, B 45 Ik
I i 45 BRI 5 0 BB IR MR TPl 2 2 4 A 7
stk DIRAR AR IR
1.3 PFEFERERNEE

PR TRVERRAE . TR AR YL (8 e Az BRA AL REAIE
GBS TERVERHE . TR ARIE . A A L RRE
Hor 2 BEOSCHR [ 1415130647 .

16S rRNA JE[H P41 sa e e RGE R B dr: R
i 16S RNA % K @ A 51 4 UQ7F .
5-AGAGTTTGATCCTGGCTCAG-3' fil 1492R :
5"-TACGGCTACCTTGTTACGACTT-3") " 14 /3 &5
16S rRNA JEH 741, HIFHIH N 1466 bp.
PCR JZ W 440 95 °C 5 min; 95°C 30, 55°C
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30s, 72°C 100s, 35 MEFF; 72 °C 10 min, 4"
SR AR R IR e, BRAS 1 B AR Y 51 7E
NCBI(https://www.ncbi.nlm.nih.gov/Blast.cgi) # 17
[F)IEPE LEXS 3B, O BRI R vy ) o ol e 97 £
B, —H MEGA7.0 AT RE KB 91T
14 TER[E PE WREESMF T MR E K L

TEE 0.05%, 0.10%. 0.25%. 0.50%. 1.00%,
2.00%. 3.00% PE fit) 100 mL JCHLER R SR Ke b A
100 pL 43 E5 AR TR, [R]E US55 PE Y JCHIL
B FEECGXE, 35°C, 150 r/min 5508 F 5555,
12 h & ODgoo, 2l HE KL .

1.5 MUY PE Hi 5 Rk aE

1.5.1 FFBENESEWEE PE RMEREERK
L. A M JC /K R 2, FEJC A 454
TEIRNR, A E T 150 mL TCHLER R 3
b SRS AN A B AL TR, R RRAAN RN, 35 °C
150 r/min Z504F FREF% . FERGFRERE 15 K, Babsd
ot FREARE RS, F0 I A A 0 B Ry
FH 0.01 mol/L PR ER 2% MR (pH 7.2)BE W AE M, LA
PR FME AR, EE 2 K, REIKKH 4%%
RHEELLHE 8 h, 50%EEALEE 2 YK, BFIK 30 min,
70%. 80%. 90%. 95%Z WEAALFE 60 min, 100%
CEALEE 120 min, fcJa ke AR T . PEe%,
3o F9 48 1 85 (HITACHI S-3400N) W 82 5 2% 1f7 41 74
E AR AE B

1.5.2 JBEMER: TEHFREE 60 X, HUL IR K Xf
HRAARE S, FIBZEKIRIRZ IR, ABARXT, A
WLEE PE il fit B A7 O

2 ERFAM

2.1 [BEEATEE. stk
P T LSRRI A JCHLER B R 2R 35 °C
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150 r/min K5 %% 7d, & PE K5l WA 275
IMANS PE MREFR MR DLV s TG SRl i 4%
4 W LA T & AR %, S5 RAHDL fa 2R
HIERMRERRRL . 8, JAasalifemtk, fr
% SW1,

2.2 [FRFEEH SWI1 EE

221 JERFEEE: Koeaifeny SWI ks
#| LB AR R BL AT 1G5, HEE A6, BB,
T, REAVEE, HEDEAETE 1-A); &
X W T Al WHEE R R 280K, h%H
REMAAWHZ(E 1-B); 67 ik — ML
IR, AR R 1-C); it
RO BT, BN ERFPRBR IR, KEA—
(8 1-D). Ml FIREVERAE . FESYLEAHE, )
HIKT SW1 AT Z RS A -

2.2.2 AFEAKW . ERAE I ZE R R,
SW1 B RREZ il i 9 R LA L WS PRER ORI |
WEM A RRFIHE R, 596 R IREE
Nocardia higoensis 524 —5", 5 Nocardia
thailandica [%: R Z A AL, HoAt A RS 42
Sy B SW Al BRJE T nyis R IREE -
2.2.3  16S rRNA EFHFINE R RGE KT 1T :
BRI FARIS ) SWI Btk 16S rRNA JE[R ¥ H$42
% GenBank, J15 74114 5% 5 GenBankMN892518,
SRIE5 NCBI HF ST IEL A, H5HRIK
R Z PR ARAR LB m ik 95% L b JETF 168
rRNA R ARG LT8R ER, SW1 5%
RIKHIBER N —F., 5 Nocardia higoensis
Nocardia thailandica WE% & F (K 2), #F—
HAESEAr B SW1 N Nocardia sp., {HEAKETF
WA 1 5 i — 20 S
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1. [ERRE SWI1 BB IERMSRBEHE
Colony and morphological staining of degrading strain SW1. A: the colony morphology of SW1 in LB

Figure 1.

medium; B: the colony morphology under a field vision of stereomicroscope; C: the mycelium morphology of SW1;

D: the morphology characteristics after Gram’s staining.

94

52

ASW1

100

ﬁ': Nocardia thailandica NBRC 100428 (NZ_BAGK0100053.1:203-1718)
Nocardia higoensis NBRC 100133 (NZ_BAGA01000039.1:179-1696)

Nocardia nova SH22a (NZ,_CP006850.1)

Nocardia vinacea NBRC 16497 (NZ_BAGN01000059.1:12-1527)
Nocardia asteroides NBRC 15531 (NZ_BAF002000004.1:10-1525)

Rhodococcus defluvii strain Call contig058 (NZ_JPOC01000058.1:2042-5195)

B 2. F&#RE SWI1 8 16S rRNA EE R %% Bt

Figure 2.

Phylogenetic tree of degrading strain SW1 based on 16S rRNA gene sequences analysis. The tree was

constructed using the neighbor-joining method within the MEGA7.0 program. Node values represent percent

bootstrap confidence derived from 2000 replicates. The GenBank accession numbers of the indicated sequences are

shown in the parentheses.

23 FERE SWI1FEARF PE W T B4 K #iZk

R T SW 1 TE 55 2% PE B TCHLER RE S 3 vh A
KAy, TERS SR 0055 36 h B IR0 BE T 43 W S o,
55 60 h kB K, 5 72 h B4R TR
UETETT 1% PE M TCHLER R IR p AR KBty 7
B FRI05E 60 h BEIRHR L E RN, 56 72 PR

KB, —HAEFFEE 96 h, 2 108 h J5 IR
JEIFIA R % ; 164 3% PE FUJCHLER G SR dkrh, 15
IR 55 36 h R BT g, (HHE K
PRI TROH R IH S A T 1% .2% PE 55 7R JE A
MTEAT PE BYTCHLERIEFREL S, SW1 BIBREE
JUPFTRA(E 3), FRFFEEEREY, S EE
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& 3. [&#EE SWI1 Z£4E PE iRE THE K2

Figure 3.
calculated.

SW1 (AKX PE HA W] vk B2, I H 2% PE
Ry HA A B aE R
2.4 [EBRBE SW1 X} PE S BIFER R

Wif A TS SW L B4 Y b J5E Ay i — ik Y5 %) G
PLER RS, 35 °C 150 r/min 55040 F K5 9%, K4z
R Xt BRLE . K595 15 d ), IR EmeEs, *t
WRZ IR F S22 (] 4-A), T SW1 FERhH AT LA

<5000 Spum™

4. RAMPEAERZM R IZMERE

The growth curve of strain SW1 at different concentrations of PE. The average and standard error were

R TR A B P BB T RS ER T AR G, SR DR
I I B (R 4-B, C); gt 60d )5, i
WEEARILRN LS 4 O (K 4-D), $2eAh 20 ] DL JE
RINAREEZREAKAE 4-E, F), [FmEER
T R B AR AN S 23 W (8] 4-F)  FIRBFFR 45 R
FWH, FEARET SW1 X PE il S FH I B %

9/ ." .|
S )
S g

SW1 A [E) Bt (8] 5 BY 2 0 22

Figure 4. The microscope observation of the agricultural film at different time points after incubated without or with

strain SW1. A, B, C: the scanning electron microscope observation after incubated for 15 days. Arrows in B indicate
microbes inserted in or on the agricultural film. D, E, F: the light microscope observation after incubated for 60 days.
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3 itib

AT - 35 b R R 0 AR AS T — Bk XS PE
il i B LR AR AR TR R SW, )20 M e HE
IR E B R R R o SUIRATET R, H TR
AR T 8 X R i B R A T R R DG
o Kk, WS T PE il i B AR A P 4 TR
FIGEIR, itk — 20 JF & PE il i 2B Wy g LT A5
BE T H B

WIS DR B AN (] B R 0T i 0 6 AR 7 78 T e
&Y, WGERAR | 28 KA EY) . 2058
AN EY . SRIER RS TR eSS A
i B A ARARIRE 1. 20 BITR SW VR RRAE |
B Y R . A AL RFAE S 5 Nocardia
higoensis A —3F, H 16S rRNA LK J7 51 #HL
ik 97%, 15 SW1 5 Nocardia higoensis &7 )& T
] — TR, KR E— 2R

PE T 1933 4FEUCKE, S LM PRz
SRS S AL B e 20 SRS, Tl T RR,
MRS, Asp e, BB 52 DL A S8 T A 1 il )
JE, BT 2R, BT T D RS
BRI, BRI R MRz E, Hhb
FRLHERE 5 LR R ARk, KT A S
FHEBRM I PET | OB R 1Y 42 4 Il 555 |
TR R 5D, PE SRR 5 1 P i
FHICHIFTE AT IC A Y] B T AR S5 8 43 55
W B, AT ST i E I L (Plodia
interpunctella) . 5} H (Tenebrio molitor Linnaeus)
oy 35 f T8 v 4y B ARAS TSR R A e 1O 20
2014 4 Yang 5 NEE I ARE A R 18 73 B 3RS
2 # PE [%f# W, B g AT & (Enterobacter
asburiae)YT1 F1ZEHAT i (Bacillus sp.)YP1, P4}

BHTE PE E I E 28 d, &I PE JEER K PEFEAR,
B T ) AW S PE R M4
BRI, FTULA 0.3-0.4 um BYMIE, X HEOE
HL TR . (7 M2 AEHIESE PE B A SR
A, FERFE IEE 60 K, PE BT AT 2 6.1%+0.3%
F10.7%+0.2% KM, MR, 7EkS A8
HfE7E PE FEMRANEY, [FBF, 2015 4F Yang %5 M
Bk HL 40 B T8 53 B L RE B R AR SRR 2 Ja A Y
T/INFF T (Exiguobacterium sp. strain YT2)P0 2 3%
St 5 PE FEAR AT ZE SR TR B
5B R

PR AR RXT PE BEARVE A9 5 12 H B
Gyoh =B RPN R AR R PE AR
RAFHL, Wk IIAE PE Ay ok — Bl i F BE5k PE il
Vit 2 T TR R B AR B 0, B33 o S ) A SR
SR 1O I R AR AE G G s RPN PE
il S AE R AR R R AR AR AL, W@ LT AN
AR L S5 3 BT S 1A 28 A 155 100 [V 4 s oy R e fe ) A
R ;s &l BAOW SRR, AP R
X PE il i BREAR . FEAWTSE P, — i, SWI
FELL PE il —Bi IR i B 55 S P RE S A AR I, 7
OBV EE 2% PE BUARIETN, B5RMAE 3 KENAH)
FaE A KA, WET PE G5 oA K, 42
INILREE F ORI A PE. 35— Il fE PE B [ 0#
H 15 d, HARBDUESRI A 0L TRk A PE JEE N
A, PE Il WAT B B, 7ER53RI56 60 K,
JEEERN AT DR AR . AL Ak, SW R
PREEHE . — SR M PE Hil5, J65F
BIME B R A . 2. AT SE RAT
JJUESE, SW1 X PE il i BA w1 . SR
M, SW1 XJ PE FEff M CHEG e R . Hbdix st
Fif P9 5 DR R B A LB AN ART , 1 R AF 9 o
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Isolation of a polyethylene-degrading strain from farm soil

Yufei Liu, Yaobo Xu, Yuan Ze, Junyao Zhai, Rui Li, Yidan Huo, Xiaoping Zhang, Jing Wei"

Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education; Laboratory of Aquatic Science of
Chonggqing, School of Life Sciences, Southwest University, Chongqing 400715, China

Abstract: [Objective] The main component of agricultural mulch film is polyethylene. Because it is difficult to be
degraded, its waste often causes "white pollution". In this study, polyethylene degrading bacteria were screened from
the soil covered with agricultural mulch all the year round, and the degradation efficiency of polyethylene products
was also explored. [Methods] Polyethylene-degrading bacteria were enriched, screened and purified using the
inorganic salt medium with polyethylene as the sole carbon source. The isolated bacteria were identified by colony,
morphological staining, physiological and biochemical characteristics and 16S rRNA gene phylogenetic analysis. The
growth curves of isolated strain were detected under different concentrations (0, 0.05%, 0.10% 0.25%, 0.50%, 1%, 2%
and 3%) of polyethylene. Finally, the biodegradation of the agricultural mulch film was detected using scanning
electron microscopy and light microscopy. [Results] A strain (named as SW1) which could degrade polyethylene was
isolated from soil and identified as of Nocardia sp. The growth of SW1 was dependent on the concentration of
polyethylene. It grew fastest in the inorganic salt medium containing 2% polyethylene. At 48 h, the concentration of
the bacterial solution began to increase; at 60 h, it reached the maximum. Meanwhile, no growth was found in the
inorganic salt medium without polyethylene. In the inorganic salt medium containing agricultural mulch film, after
culture at 35 °C for 15 d, a large number of bacteria were observed to be embedded in the film or attached to the
surface of the film by scanning electron microscopy, the surface of the film was rough, and began to be damaged.
After culture for 60 d, the membrane of the inoculated group was damaged in a large area and cavity appeared.
[Conclusion] Nocardia sp. SW1 isolated from farm soil can degrade polyethylene products effectively. This study
enriches the degradation microbial resources of polyethylene products, and provides scientific data and reference for
the biodegradation of polyethylene plastic waste.

Keywords: polyethylene, plastics, farm film, actinomycete, Nocardia, degradation
(R % TRBRm)
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#ir, Jo, 48 %, I, HEAFF, WEELEA, 1998 FHEETFHRRIEKF )
MEFR, REEMAEME S B FE LML S5, 2006 FELTFHE=ZFERFLE LA
FRERPT, KBRS E S5, 2014-2015 55400 £ #7 3k B 5 K FHATHF AKA
SR, HEFEFTE, ERAF (REVF). (LAF) FREGAHARF L/, BF
FARAVIRERA. TEAFRXFAQFHO LI %4 RAD $R, FRFLERFAAL
GHFEERFLR, ANGHRFTRFERFRFHIT. A7 E, TENEFHST LA
SFmies mmg i, IFERARMFELFFEALAR. O LAAF LA, £E
WIS F R T L R F KRB 40 B F.
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