TR A SR IR Apr. 20, 2023, 50(4): 14221431

Microbiology China DOI: 10.13344/j.microbiol.china.230197
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved
o3 H
R iR S

K& B R EIBERME IR T RS PR

éf%la E 27 Ek:fi#i/ﬁ\: 2» F/Zj:\j(Ep 37 ﬂ ﬁﬁm\él*z im\.*l

L ihipggol R P -£Be, 1hv8 K4% 030800
2 INARAO RAAFTIRGIRETABE, 1WA 22 271018
3 INAENEYREARAT], 7R F&4 271000

ZRH, EFHF, R, BRKED, FHER, fEARr, BGEE. K U T A YR IR LA 0 A IR IR D], AR Ad AR,
2023, 50(4): 1422-1431.

LI Wei, WANG Dandan, PANG Shiqi, CHEN Dayin, WANG Hongfeng, XIE Zhihong, ZHAO Zhiguo. Biodegradation of
polyethylene by Zophobas atratus and its gut microorganisms[J]. Microbiology China, 2023, 50(4): 1422-1431.

B OB IFF) RO HRELHBEARSULEERE, Rk aREmatmkiiFzs. [8
] KRR UHEARBAS KERAERLFT O R, HAREZREAEBRROHELRBHG R RIE
JRBESRE. [T AKRE R RAFRAT R, A F LGB RBHCRTHE), KA 4F7 R
Bl #9477 X T1 (Z2k). T2 GRAREA). T3 CLARBA+ELH). T4 (RER)#ATIHIML, &2 30d
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Biodegradation of polyethylene by Zophobas atratus and its
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Abstract: [Background] Waste plastic polyethylene (PE) is refractory due to its high chemical
inertness, resulting in long-term pollution. [Objective] To investigate the effects of common
plastic foam (PE) on the growth and development of Zophobas atratus and provide a theoretical
basis for the application of Z. atratus as an insect in the degradation of PE plastic foam.
[Methods] Z. atratus larvae were fed with four different diets: T1 (wheat bran), T2 (plastic
foam), T3 (plastic foam+wheat bran), and T4 (no diet). After 30 days of feeding, the larvae were
dissected and the gut contents were enriched in LB medium. The obtained culture was added to
the medium with PE as the only carbon source for selective culture, from which the strains
capable of degrading PE plastics were isolated. [Results] After feeding on plastic foam and
wheat bran for 30 days, the Z. atratus larvae showed a survival rate of 76%. Fourier transform
infrared (FTIR) spectroscopy detected significant changes in the peaks corresponding to the
main functional groups of compounds in the feces, which indicated a break in the long chains of
PE. Three strains causing significant erosion on the edges of PE films were isolated from the
gut. [Conclusion] Z. atratus can feed on and digest PE plastics, and the gut microorganisms
play a key role in the degradation of PE plastics. The findings of this study provide scientific
evidence for the bioremediation of plastic pollution.

Keywords: Zophobas atratus; PE plastics; gut microorganisms; degradation
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B RS R B HE P 2E AT o b, R B
HURTAE—E R LR AR . BRSSO
(EPE) .
polystyrene (EPS) Hl expanded polypropylene
(EPP)ZR B0Ry IRFIOR L, R ILiX 2 FPE. Aty
Tt EPS LI %L, 2015 4F, Yang 55Uk
AT B SRR A L R SR B BR R 2 v
O — R T R R AR R AN TR o PR A AR
I v T I I E T SRR L IR R
O B4l L T R AR AR AL, FLOF
NI B SRR 20 1 DR SR B B R 2 el
G35 H 2 BRI A 1 bR ELER 02019 4F, Ekaterina'
WF T W B 3R IR L0 B 3R M () RS W 4y ol gy 3
A AT st 43 ) R B 2 AP AT 8 B 134
W&o 2020 4%, BRI R IR
WA g E oy B 3 RRARTE L MEHT TR C
S 30 d 5 A B ER T HE S S L A o
R ELE T R A4y Hu e 4 i BE 2R
FAIIRE D HAFAE—E Gl

SRR AE AR Ak 4 D DR 2 AL 2 2 A B —
SEE R AR PR R |, SR T TEA IR AE R E TR
AL E BB A1 5 (5 n] 1 A5 M A FE e 1
A TS S A Y e SRR o 38 A
AR He 21 b 9% §% (Fourier transform  infrared
spectrometer, FTIR)MF 5% 10 7K ¥8 81 22 1 B fE H1 1Y
A, FE ST TR R SR R ZE N 2L A M {5 B
RHFFEIREE( 715 em ™), FE(1 740 cm ™). 285
(1 650 cm™)FIRLEH(908 ecm )X LLET AEHAC), #HE
WFE 20y, AR EAIN B IC 2 1w A s )
JH , XL P RO 2 & A AR sl R A
TEMADIVERTIZRAE T, ISR E RE ATk
SR, HGE PR SRR R L e

BEXT R R, A SO R 1 B Al AR
IRIKLR 2 4 (polyethylene, PE) A F— W)k i
T 5 R g iy, SR A BL A2 48 21 41 O 1%

expandable polyethylene expanded

(FTIR) il # H 43 #IT (thermogravimetric analysis,
TGA)EAE R 25 B PE B REF L H A1 ;
A S R I I e A A T R 22 g U T )
fi# PE KAFAERIM A A TS, Xt PE BORHAYAY)
RS BLRIHEA TR PR )

1 #HE5FZ

1.1 ##
1.1.1 #5&

K7z W (Zophobas atratus) %)) B T~ R4E
FRYL T #2563
1.1.2 FZRFIFLEE

ROIRICEE : 0.026 glem’), LIHER;
mAE T, B a WM EN
(40 400+£2 700) Da; ¥4 T & (M) {E K
(173 400+1 600) Da. 3 Z 4 & A H A EAL
Py 0L 3 448 9 ) 1 e A T A B (U Ak )
<1 mg/L, BFIEHEH<25 mg/L); RN
RHERR PR AR ALAUE ST AL ; DNA $2EGAH
BT RARARH LA RA A,

EARERACAL, BENIEHL R5E) A FRA H ;
B AR LT AN, A8 v A ] s E T,
BN E] s St A, Data Physics 23 H] .
1.1.3 EHE

kR IR R (g/L): LB IR RS MESCHk[19]
Bl ; LCFBM ¥;37%E(g/L): KH,PO4 0.700,
K,HPO, 0.700, FeSO,:7H,0 0.002, MnSO,-H,0
0.001, MgSO0,-7H,0 0.700, ZnSO4-7H,0 0.002,
(NH,),SO, 1.650, NaCl0.005, 7&K E 1L,
1.2 A&
1.2.1 KZHHIER

TEHC 1500 Sk Ll K7 g by, AN [R] A 1)
WrE[T1: E#k WB; T2: 7K¥K PE; T3:
IR R 5L PEYWB (1:7, JRiE )™ T4.
AR SR, HARE 3 AER . BMHREE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ZERRSE KA R a0t IR 205 1 E D B A

1425

(14 cmx11 cmx6 cm)fdFF 50 Sk K& HLH, L
A—HL 2 g IR EIRL, BRAVIRIRALBRSL, f3A
IRIGANTE 14 g Z2 2R (B 5 A7 65 BL T 130
IRIBRHRIZZ ZRIEAT B4 ), B A8 i T 2 il e
27 °C, {®EFEHITE 75%.
122 KEHL HEFRYELER K DI H1G
MBESH

FERRSE 30 d Ji5, AR USCHE 2 Y e 2R Rk
TEMEFE B 2Bl th S A I 2K, SRR Mk
B R ik X e R R A A2 1Y RS E 4T FTIR 73
Bro B HZFEF KBr MR 1:100 (BTt bh)ii
4, TEHESHIER P S B ES , 7R R ML R R
FEUE A BRI FTIR HillR 5% FTIR
MSE: BB APIERR 4 em™ . BEHIRECH
32, PECH 4 000-400 cm 221 FIFH OMNIC
AT Hrisis 5 B, A Origin Pro 2021 #47
AL

#r PE MLIRDE K2 s, AR PR R
Ko AT TS AT PE 00K A A5
2 AR SRR E M. B(10+1) mg FFE b
TS0 38 (B & B AR B A 8 e 3 M 44 1
1/3 S'EL) , A4 B FNARE A ft S [R) e A A S0 #r
. ESHECH: FHEE A 10 K/min, RS
[l 30900 °C, 4R TN,, 99.999%) AR
AR AP, SARFDE 10 mL/min™, F1
Origin Pro 2021 #£47A] #i Ak .
123 REHBEWMEFRHEYNIBE5 4L

KFE R LR IRRR SR 30d /5, 7E PE
HrBENLPE R 10 45, KRR T 95%
Wik 30s, RGBT IWAEMEIK 15s, ZaE
HTF 75%KE 1 min, BCF 2 H @k AT,
P 1 85 BB HS I EZ H i) 56 % g 1 6 A&
A 1 mL CHE A KE.OE Y, WIeURS
HEWENEY TR, B L BiE R
% LB AR 3R 3 37 °C 180 r/min 555 24 h,

TE LB [EASE IR FRIZ 37 °C #5557, PRI
PATRVE A TR SR 2lifb , M DAV TR A T AR TR
MIBERE, K IR A5 2 1) B R T80 °C WA,
1.2.4 PE PEREEMRRYTFIE

W 1.2.3 G e 15 20 A R R MR 4R 2= LB W
B FE Y, 37 °C, 200 r/min 3% 12 h J§
4 000xg B5.0> 10 min WCEERA, AR HJCHE 4
FREKERDE 3 W5 E B TSR AR o A A 3 AR K
to B 1 mL HE R IR T L) PE WURHELE
ME—RRUR ) LCFBM W IAREF I, 37 °C,
200 r/min $53% 20 d, BRSO E ODgoo, LA
W H ARG, S5 W H X PE
R R RE 1
1.2.5 PE FERZERATES EF0 LT

Wit 16S rRNA FEEXT 1.2.4 ik £ 21 (14 g
PRIEAT 0 F A2 25 5E o FITT DNA 400 &
P E AP RN AL, R An TR 5 ) 27F
(5'-AGAGTT TGATCCTGGCTCAG-3")F1 1492R
(5'-TACGGCTACCTTGTTACGACTT-3')PCR /" 1%
16S rRNA JE[H . PCR W AR FR (50 pL): Tag DNA
Master Mix 25 uL, [, TI#514(0.4 pmol/L)4%
2 uL,DNA #&A4%(50 pg/mL) 3 pL,RNase-free H,0
18 uL. PCR JZ i £51F: 95°C 1 min 30s; 95 °C
10s, 58°C10s, 72°C Imin 10s, 35 PMEF;
10 °C {#1F. PCR J=“#)4: 1%Bh i e i i ikl
Haifig, R RE R EYEARA RAFEF
B0 P 5 A T o

BN AR 16S rRNA KK FE 41 & 1% 3] [
KW H R A5 B 0 (National Center for
Biotechnology Information, NCBI)f¥) GenBank #{
PEE P UEAT BLAST FUX) . 4328 FIERE .
1.2.6 PE FEfRIBILMERANE

PE ¥RL 3 BITE 5 A3 FIUR A5 1 B0 e e A 1
PG FREET 37 °C Kigk 7d 5, BRI - il B
A= I i WL S T A A R B 1 OO
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2 ZERE54

21 XZEZHWE PE ZRESH

TELIIRE R PE il — B PRI K Ui
R, RFE AT U AR SR R UEA TR,
FFETE 30 d NEEFFIER AR AT . WK 1A PR,
30 d J5 Jo i 2 Bl ] MR R S R TR A IR R
PE 6L VK BBHER A B R A2 o 4y He mb s 1) B I £,
T, R EER AR B ek b

M 1B WAL, Bl RSN,
TR IR AETG 30 68%, WL T &%k
TR T A 2, TSN — 2 22 5k 2 J5 vl
DABE R K A R TEIE R R 76%. %54
SR W K 2 4 A S A s ] P AT DA ek 9
BERARAT B B T 08 = 0 LA e R A, T
EH SN EA T3 E e, 1e
7 BRI

Bl1 XERS5EAZROXZEER
AT %, CK: XTIRZ; WB: Ak
Figure 1

22 RKEHRYBMEBRBEMHITEYE
RAE BRI

FIH FTIR 43#H7 PE JURE IR SE B4l HL i e
FEIGUF SR IR PE, LU T 2 e b A el
MIRETT. HHIE 2 WA, 5 PE #RHEAEAEL, X
AT PE IR o b 2= 254 ko A T el A, w]
DL B S A B AR EE, R AT 1 100~
1300 om™" DX A4 LA 42 559 A W A e 8 3
XS C-0-C K[ 1 a4k sh i FFERY , W] PE
A A YR AR ST T B Ik ERR AT
11 FL PE Y03 YA (4 R AF 04 558 B 114 BAALS S 3 1)
REH K 7= A= (C=0 1%, 1 700 cm™), HEHT
HIREDRE R g i iE N EAE T RER . 78
HZERENAY FTIR 1, 2 500-3 500 cm ' b 4 5
5L al R IR L A i A A ¢, Xt i By iR
BHEZ R MU iE RGEHAL S, sk )
PN KA 1) SR K MR T BT AR Ak, SRR IR TE 24
it HAR R R AL =SS TP A TR 2 A E
REMI AR EL | FREESE, 10 I HU AT A (v Ik o
BES S TERRARAVE A, PE—EsE T AR IR
IRHREARVE R

. 100

*kok
ok

80

60

40

Survival rate (%)

20

0

CK WB PE PE+WB
Groups

A R HEEE 30 d J5 IR YERL. B: ARIAZLEE 30 d J5 K3 H

Interaction of Zophobas atratus with foam. A: Foam after 30 d of Zophobas atratus engagement. B:

Survival rate of Zophobas atratus after 30 d of different treatments. CK: Control group; WB: Wheat bran. ***:

P<0.001.
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Figure 2 Infrared spectroscopic analysis of
Zophobas atratus fecal extract.

[ A TGA A AT BRI K2 k& it
JE I PE J& 5 &R TIehE, Wil 3 nTsn, 7EA
[ AR, g e WA i 2548 PE
SRR R Bl 2, BRI e 2 rp B TR A
43, X F B PE 78 K3 g b & AR T $iett
PR E A REY, PE JBAELE 380-500 °C
TR W, 462.54 °C BHIE T & K5
fif R AL, IR AL RSP B T £
AT 2k B S 1) A B B, TE 264.54 . 329.54
372.54 Fl 428.54 °Cr=H: T I KTl %

=205
—— PE 9,
100 =y . 5 PE frass N
-15 g
80 =
= =
S 60 10 &
2 g
= 40 g
2 =
l-05.2
2
of: loo 2
L
1 n 1 i 1 i 1 Q
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Temperature (°C)
3 H#ES PE EHBIAKREX LS

Figure 3 Comparative heat loss analysis of frass
and PE original samples.

WHE R BAYYEMT 100 CRIZMAET
FE R (Al i vh B 86 30, RIREYI T M R &
YR NN FIE Y E), TR
100-380 °CiJ& Bir B 19 v 73-figk 2 1 T4 HUAE ]
1t PE B} 7 A (i oAt v ] 7 ) F1 PE KBS RIS
AN+ PE, MIAE#2H 380-500 °CHr B
BB 0§ PE REA 2 30%, T PE Jit
FERY R BRI d e PE & W] I,
BT ARG 22 | 3k 5 e TR 2 He R AR SR
JE BRI R 45 AR 22,

23 AEZEHBEREMHIBEELETE

MIEINR PE F R B 4y B izl i ik Hh T LA
TE LUSERE Ay ik — Bk 5 1) 1% 77 2 I8 i 7% 10
AT AL 30k, % 3 BRATE AT 20 T AE MR S E
16S rRNA FEPH 41 LU X ISR R 3 4k 5 20531 i
VEN AT IR (Bacillus amyloliquefaciens). V1 3¢
25 16 #F B8 (Bacillus velezensis) Fl1 3% Jiy Bk
(Enterococcus faecalis), % BLAST X H AR
FEMEE R 1 R,

WIX 3 BREA 2 BRI TE LA PE S ME—BR IS
LCFBM }; #3197 20 d, ZE0LIAA], 4367 48 h
A BRI I ODgoo HU7E AL o X B4 R AN
4 fi7n, W ES-1. ES-2 Fl B6-1 X 3 PRI IAERS
TELL PE SR ME—RiIR B TR AT , IED] 7 1A
HhOr B BIR TERTE R IR PE A Rrh k4%
TAHEAL, [FuiB] PE A] DARHEICEE g A K
Jvits ) — R E R

x1 NBEAZHEBEPHAE

Table 1 Isolation of bacteria from the gut of

Zophobas atratus

Strain No. Recent marginal pattern ~ Similarity (%)
species

ES5-1 Bacillus 99.93
amyloliquefaciens

ES-2 Bacillus velezensis 100.00

E6-1 Enterococcus faecalis 100.00
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Figure 4 Changes in ODg of degraded bacteria for
20 d.

24 KEHPBEMEYX PE BYFE#FEIER
PR 2.3 WY& LRI, 52T 3 fknT
DI RCESEAE PE BRI b 0 A MR A A

Je SEX LR AR P RE A TR B, R BT LIA i
TE PE WURHERE g sl . 3 MRFE IR 28 )G, PE
SR T R T 2 AN [ 2 1 Y 85 R S 1 A
JEA, %l UL B LR (& 5).

R A Yy 2 B K R K il A (water
contact angle, WCA)FIIE, 3 BRI H 1R
il PE R (K 6B 6C . 6D)J5 1 WCA 4351
H(95.1£0.4)°, (90.2+0.3)°F1(94.6+0.2)° (n=3),
HBERT X BAE 6A)H WCA [(100.1£0.4)°
(n=3; P<0.05)], FiRiXI 25 R K], PE L
3 FRBEMR R ME, BE YR BT KR,
SRR SR, DT I f 26 0 4% b R B8 0 9855

Al IESE T RAE R PE Jm % s K P D55
BAk, Ry HUA W AR 2 AR ZE RL BY

FE

El5 TEE7dHPEEREEL  A: E5-1.B: E5-2.C: E6-1
Figure 5 Changes in PE plastic at 7 d of colonization. A: E5-1. B: E5-2. C: E6-1.

..

Eo FEMERIMAIE WCA XLt

0.0,

A: XTHEZH.B: E5-1.C: E5-2.D: E6-1

Figure 6 Comparison of WCA before and after degradation bacteria erosion. A: Control. B: E5-1. C: E5-2.

D: E6-1.
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3 WwE5&#

Rz M BE IR SR IF7E LUSB R g il — £
P A T AKX — A, ARG g
R T — 508 H IR AYIE %

AR SCE 3 AN [R) 4 ) I X R A2 e A B
MG WAL B R AR TR A, X AT AR R
BRSPS O 2 M RHR & R
AR AR i ) R SR R (AR KB G4 RIS
) P ok L A 4 2T SR ST i PRI B O3 A 0 R 22
BRI AT 00T, KB PE 25d KA di4))
Al 38 A IS H AR AR 0 5 B (C-H) BRI HL i
WA R W s A BT BL, UESE T PE B
fif 2R o X mBEHE YT A E , IRTR
PE SR RFZ B gy B rh B 3 PRI : R TE
%ﬁ?@*?%@acillus amyloliquefaciens) . Dl SEHTZF
fil #F & (Bacillus velezensi) Fl 2§ JI Bk T
(Enterococcus faecalis)o i1 [ AP HR 4 [ 1
B WAC #il, A TRk R E ) PE 2K
VAR 25 ) PR R K PR R B AT AP SR 45 2R 3R
RS2 s 1) i 3 4 5 S B A BT % PR A — 7 B
FRRE T, X Ny s SRHAE < 1 00 75 4 i A W I A
P BE5E T LA, 1o AR Wik B G GedR it 1
— AT

AW FAXIIRTE T K2 B E A
U SR RIS DR AT, W M JE AR ) b DA AT
) s AR -t 7 2% 2 3 B 5 FTAR O B — 3T
g3 BEAN, XA ST P BT i 18 H B PE A7 B
WA TR TR, 3 R T 22 R M A T TR A
WFFE, TR v RO ik T BT 7 A A0 I AP X PE
(IR ARATE
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