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Evidence of polystyrene biodegradation by gut microbiota of
Syrofoam-feeding yellow mealwor ms (lar vae of
Tenebrio molitor Linnaeus)

KONG Fang” HONG Kang-Jin® XU Hang® ZHAO Shi-Guang® WANG Y ou-Ping?

(1. Academy of Biological and Chemical Engineering, Anhui Polytechnic University, Wuhu, Anhui 241000, China)
(2. College of Bioscience and Biotechnology, Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract: [Background] Plastic are synthetic polymers derived from fossil oil and largely resistant
to degradation. Plastic litter have adverse effects on the environment and marine biota. Therefore,
new solutions for petroleum-based plastic waste degradation are urgently needed. [Objective]
Polystyrene (PS) is notoriously persistent plastic that is not degradable at appreciable rates for
decades. However, an environment was identified in which PS is susceptible to biodegradation:
yellow mealworm, the larvae of Tenebrio molitor Linnaeus, can damage PS packing by chewing and
eating styrofoam. So we try to isolate PS-degrading microorganisms from the mealworms’ gut.
[Methods] The larvae fed with styrofoam as the sole diet could live as well as those fed with bran
diet over several months. Based on morphological, physiological and biochemical properties as well
as 16S rRNA gene and ITS gene sequences analysis, the phylogenic tree was constructed to identify
the taxonomic status of the strains. [Results] Two bacterial strains capable of degrading styrofoam
were isolated from worm fecula egested from styrofoam-feeding larvae, named as Bacillus anthracis
PSI-1 and Enterobacter hormaechei PSI-2. A PS-degrading fungal strain was isolated from the gut of
mealworms and identified as Aspergillus niger KHJ-1. Over a 14-day incubation period of the fungal
train KHJ-1 on PS films, a large number of cavities were obviously observed on PS films surfaces,
and the changes were measured about the film of mechanical properties. The results showed that
hydrophobicity of the film was decreased dramatically, the elongation at break and the tensile
strength became smaller. A suspension culture of KHJ-1 strain was able to degrade 214.8 mg/5 g of
PS solid particles, the weight loss ratio of PS was 4.29% over a 60-day incubation period.
[Conclusion] The results demonstrated the presence of PS-degrading bacteria and fungus in the guts
of mealworms could degrade PS directly and efficiently and provided promising evidence for the
biodegradation of PSin the environment.

Keywords: Tenebrio molitor Linnaeus, Polystyrene-degrading, Isolation, Gut microbiota
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AR RKEM, —DEREIAT 7000 Zy | i
Gl 4B, — AT 2 90-100 0¥
BOM I HCH F T s iR i T B2 IR
gt BT A, A A R AR PR ORI Hh A AR
YERT, WF 5 R s g AT AR 4 e S i o
FTIRA, HZ 08 1 T 4 15 Y i BREl L Ak,
HORY R 4 e E Rl YT R U
BBt 8 PRANTA, FFXTEOM H AR SRR HIL

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



1440 TEY I8

Microbiol. China

AT THIHARSE . Yang 25k LR 2 ik
SRR B — BRI SR R g L, 100 H gl du iR
AT LANZ 35 34-39 mg Mk IR, it [ o-°C
af B-°C R, ARICH PS MR LRk BC
FRICH CO, 5 HURARNT , S256 43 B3 PS B A 4H 1A
Exiguobacterium sp. YT2, %K1 60 d N ] [#fi7
7.4%:+0.4%H9 B 2R BRoE L v
WP ERTE MG B PS YR SORL# H i) 3 TR A 45
W, R T EMEEA 2N, JFEBEA R
A BELE BOR B A W R A R 2o B PR R AR
FH o B U T8 40 T T 2 S B R R T A
(R, HATAEE £ PR 2R s R £
FEPE, TR DA B H 43 8 B o A T R o 0 T
RAYIRRNEEREZ —, ABFELNE 60 d
ROR IR HN B 3 184 B SEI AR, 3SR
ZME R E SR . BRRCH+LB RS
Jiid:, VIR IE o3 85 R R SR R, JF ik
TGS F LS A B A S50 K oL E 25y
BT, BRI R LI e, R O
RN R A SR SRt R AP i 2%
1 MHETE
11 H&EKIE

S T #50R3 B (Tenebrio molitor Linnaeus)4)s
HF 2016 4 10 F G F LA TR 4 S €6 1 ) 57 4
I, 4tk 20-35 mm, 7EE IR AR,
1.2 EMHERIEFF

FRY AE ) 25 °C LI = I8 F 5%, #k
WA 5] 4) B4 300 45400 2 41, IFiC 808
BRI AR TE | S A AN R 0 11 TR K Yk
ML AR, X AL AR A
1.3 EFREREFEH

LB FiFedk(g/ll): M 10.0, EELEE 5.0,
NaCl 10.0, pH 7.0,

AR 2,0 Ay i — Tl VR 1) L Atk 15 75 3 (gL ) -
(NH.),S0, 1.0, K,HPO, 0.7, MgSO, 7H,0 0.7,
KH>PO, 0.7, NH;NO3 1.0, MnSO4-H»0O 0.001, NaCl

0.005, FeS0, 7H,0 0.002, RZH LM H, pH 7.0,

A [CHEFRHE(CA, g/L)!?: NaNO3 3.0, K,HPO,
0.5, MgS0,-7H,0 0.5, KCl 0.5, FeSO, 0.01, i
¥% 30.0, #fig 15.0, pH 7.0,

BRI FRBEL(CYA, g/L): KHPO, 1.0,
A RURAR TR 10 mL, BEEEEEY) 5.0, FEHE 30.0,
Bifig 15.0,

ZFRITIIRAE(MEA, glL): 44228 200,
HERE 20.0, FE W 1.0, EE X 0.1, Bifls 15.0, pH
W2 6.4,

SAB 2% i (pH 5.6,0.1 mol/L): ¥4 1.5 mL HAc
FiBe % 100 mL, 2.72 g NaAc-H,O #i B 200 mL,
WIARIES S pH £ 5.6, 4°C{#1F.

A RESEIEUIICERE O, 1x10° Pa K 30 min.
1.4 EZRAFIFLEE

S F B N b Ag gl [ 255 F 25\ A
BRZS L5 Peid DNA FRBORR £ . Tag DNA %
B, RARA AR (AL 50) A BR 2w .MyCycle PCR
%, £ Bio-Rad A R]; AN WAEERET, H
A By Al AR AIKAL, RN — YRR R
vl BERUR RS, Y Syngene vl 5 PR H:
IR0, WM ERSEA R A s VR UREDHL, T
GEREAYBEARA A AW R TR R
g8, AEnt R IRAERHEA A F
15 EMHRBENENINSBS5HEK

Fie BEOCHR[A3] 1y 7 v, BBy g ugead (1 83
K¥KL 60 d (A RIRALIE, FE s TAEG A 75%
TAE X BT 1 min, SAB 22 ik S 2 B % 1
TP, JCRKIGBE 31K, AR5 708 & b gl B
%38, JnA 200 pL JCRE Y 0.9% NaCl %, FK
R T B R A 25 2 T ] AR , A Sy J 18 A W B
FBE

HEEPIEER HIMATCE R 0.9% NaCl ik i
kbR R, BURBEEL 10°, 10%, 10° B3R
200 pL ¥RAiF CA #5573E . CYA i3ty MEA
Figekk, 30°CHHIRIESR, FFmvEKME, 05k
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IG5 T A BT TR 22, T i 1 2 i Pl
RS EWEIE K EHAR 3om AR RN,
4°CRA725 o

1.6 EMHEYHEFEHIWESLE

FAOCH AR 60 d A EORY LA = A 1
FEH, A 50 mL R LML g)+LB B IRKE R
Hr, 30°C. 150 /min &, MIkTK 2% (Fife
RFRLE) R R R e I R b, B3 4 WG
W1 mL &R, HATH R 10 10k
W, HL 100 pL R A AR, R EA Y
BB 75 g5 F 2 e lifh , H 245 24k
TR BT TR , DARA PR B IR (4 20 B TN SR 2 07 A A A
EE, HA R EAR AR E T T 4 °C, £F
L RE
1.7 IO BEREKNERE

TEAEL . PRERE SR 48-72 h TSR A,
FHHE 22 PO (0,000 20 1 e G 01 FE T 4 T UL 1 1A
i, ARSI A, Hofth A #EA fhi
WS ML STk, BT . AL
DL A H T SRR SR

ST WTE BERSE R A5 7
PEHL, 16SrRNA FEE 4 1R FH 240 B 5 149 27F
(5-CAGAGTTTGATCCTGGCT-3)#l 1492R (5-A
GGAGGTGATCCAGCCGCA-3) . Ji 1 1 1 A bk
rRNA Y I TS IX 4 8% HE 514 1TSL (5-TC
CGTAGGTGAACCTGCGG-3)#ll ITS4 (5-TCCTC
CGCTTATTGATATGC-3').,

PCR JZ W {K % (25.0 uL): Taq M§(5 Ulul)
0.15 pL, 10xBuffer 2.5 pL, dNTPs (2.5 mmol/L)
2.0 uL, 27F/1492R (10 pmol/L)#& 0.5 L , #itl DNA
(100 ng/uL) 0.5 uL, K ddH,O #h & 25 ul, PCR
SN 4&AF: 94°C5min; 94°C30s, 55°C50s,
72°C 1 min, 32 MEHR; 72°C 10 min; 4 °C {47
PCR 77 ¥14¢ 1% AR BHEE A oL DK FLAl B, 43 7™
Py 2R 5 2% AR T A TR (i) e A PR
AT

B FE AR AT NCBI Rk (http:/Avww.
ncbi.nim.nih.gov) i1 7[Rl 751148 22 (BLAST search),
DERC s [ 7 40 e AR TR 7 S i — 22 1
A3HT, HEYERM ClustalX 1.8 ¥JEaxt3, FIH
MEGA 6.0 #{Fi#fT R k&0, LA L
(Bootstrap)iff 17kl , LAFEFR 1000 ¥k, Neighbor-
Joining ARG K B WIERGE KB WU
TESC R XTI 74328, R85 A TR I TE S LR 45
SR 5 TR ) 73 2 AV
1.8 EHRFERFENR
181 BRECHTAE

WRAROIHEFEIMT KK 3h, I3 g
BRI T 12 mL S Be o il s A1 R
FEE I TAES SRS 50 F g Bk
B, SR BT LA TR B 2 T B Al
il £ K 2.5 cmx2.0 cm, JEE 0.1 mm A9 K
ZIFT IR, B R T 50% ., 75%-5 95%Z. i 1
I HZEBAKIEBE 3 W, METFRE I LA KA
30 min % .

182 BREZHIEREBRIINE

PRI IR (20 25 mg) B A TCHR IR 19 14
Wik, BH 3 MPAT, AR T 30 °C.
150 r/min % H55%, BEA AN, MERKL
Wl R B Ak, e BAIRORE o JBCHS B R 2508 /K Uk
Ve, TR R R M 4 s SR A 1 F - 0 A R
RHRWIVARLE ; HEE TR, JE K
Pefohff . WRRMAR SR DL R SR B I A, 4B
GB/T528-2009 A I A (i 14 BT 2L 42 fe A8 FRL i
s
1.83 BREZHEFRIERRRINE

FeRh 2% (R B 2 A 59 R K IR
Wik REfH, 30°C., 150 r/min ik EE5F, LIA
BRI BRI R TR N 25 FIXT R, Al 3 A FAT,
5 d 7E K I A IR E R BORK 06T KB
BT, W TE, BCTRRE, 1153 60d B3
BRI ORLI R FR
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2 BRS04
21 BEHENNSFESERE
211 BEMENESENERSEE

PLIRZR 05 1 PR DR R W R H 40 e, %)
BAEIRPATIN, ARKRL, Z2m 4B Nl
R RN o - W 1P 07N L 3
30 °C. 150 r/min &% 2 d, RIGHEAMATREL
JE+LB A A, MR R R A RDE S TEA F o5
WA B alifl, RAS 7 ARAF R . K 7 R TR 4
FERNT LB FIER IR R A B R A4 JEE it 1 5%
Ferf, XFERRIEATRIG . Zad 10 d (EESRE, 45
RIL T RIFEIRTE LB AR R h KR AT,
M5 LB IR HA L, & R S0 1) ok i B fili 15
FeHA B 2 R A RO (kK 5. 2), W
Bl LR, X 2 PREERE LR IK £ 0 Rk — B i A
K, WK E RSB 2 #RE M ODegoo 435I 4
0.550+0.010 F11 0.338+0.009, Tfij HiAth &% F]H PS

ll'f‘-;

5.0kV 9.0 mm, x2.00k SE(M) 260 pm

0.60 - o Strain 1

—=— Strain 2
0.50 - Strain 3
»— Strain 4

040 — Strain 5
g —=— Strain 6
g 0.30 - —— Strain 7

0.20

0.10

0.00 '
E] 20 40 60 80 100 120 140 160 180 200 220 240

t(h)

El 1 7#RE7ELL PSR AME—GRAYR IS B AhE 7R 5
REVE L

Figure 1 Growth curves of strains 1-7 in liquid basic
medium with PS films as the sole carbon source

MRE SRS, TERG IR AR B AU LT B 281k

By AT e B BB RR 50 2 43 WA 4%k PSI-1
1 PSI-2, W B RAE R IE 24 +LB [ [ AP _E 5
7% 3 d, HEES(E 2A, B) S L Y05
WIEA(F D) XHEER#WE 2C. D, E. FFIR.

10.0 g

5.0 kV 9.1 mm x4:00k SE(M)

Figure2 Micrographsof PSI-1 and PS|-2 observed under the microscope and SEM
H: Al B 4r BB Rk PSI-1 F1 PSI-2 £ PS+LB SEAH 5 TEZS; C: PSI-1(G'); D: PSI-1 (55K ; E: PSI-2(G); F: PSI-2

{1 LB I

Note: A and B were colony morphology of strains PSI-1 and PSI-2 in PS +LB medium; C: PSI-1 (G"); D: Micrograph of PSI-1 by SEM;

E: PSI-2 (G); F: Micrograph of PSI-2 by SEM.
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x1 BEERMSMEEES

Tablel Thecolony featuresand thallus morphology of strains

Strains Colony features

Gram staining

Diameter after 3d

Ui S eyy incubation period (mm)

PSI-1  White, circle, moist and umbonate Gram-positive and produced  Streptococci, single rod-shaped or

with an irregular margin, endospores
PSI-2 Transparent, circle, smooth, moist Gram-negative
with an entire margin

4.0-6.0
arrangement in filamentous chains
Short rod-shaped, single or
arrangement in pairs

05-1.2

X} 2 BRI B 2 WA B A AL R s R TN A L sk
2R, S UARRMAEEET M) 5 CF WL
W ARG ETM) 55, v 558 Wbk PSI-1 2 2F
M ETS . Hikk PSI-2 g FF i .

212 HAEH 16SrRNA EEFFINE KRGtk

DA
STk PSI-1 5 PSI-2 (1) 16S rRNA JL A J¥ 51

AT, PSI-1 0 BiK Bk 1459 bp (GenBank
5 MF928090), PSI-2 i1 H Bt KA 1515 bp
(GenBank % 53 5 : MF928091) , ¥4 )5 41| i#£ 4T BLAST
[V LT o, Bk AL 99% LA I i [m] 5 13 41
BTN, MR RG K E M (& 3. 4), KHE
PR PSI-1 5 pIHZFAIAT R MR — 4 b, kR
PSI-2 5 R EE MR 5, —FHAJRE
K& 57, SRGRREGT. s LRTES WA
Az AR AR DL R AR R EE 25 SR, TRTPR PSI-1
A % E o ZEAUAT )& ) Bacillus anthracis Ames
(AE016879), Fkk PSI-2 A] % & KW T
Enterobacter hormaechei,
22 BEEEHNTES5LE
221 BENESENRSELE

I T $E OB P o 5 3 — AR B A SRR 2
RERCIF I ELH, 4N KHIL. #F KHI1 BERkS>
BIAAT MEA. CYA 5 CA RigthiE3% 10 d,
FERFEREFRIE P A KRR QR 3 R, PRk
£ MEA 5 CYA RiFRh i 24 KR et (B 5).,
Kig® 10 d JEW7E BAR VT I8 80 mm A4, JEEY
2mm-3 mm, EVEEE SR, ARREPIRIEE,
iz gk, WSk, HER, WHZKIE,
ToB .

KHJ-1 1 B 22 F1 53 HE A IR A8 001 T 8 fOm g%

A LUE H R KHIL flF3EBkE B, 7EAagemETi
SRIE AL, EAR 150 pm—250 pm, ELAG B @ IRE, 43
HEH R A A TR, fUFEZE(1 000-3 500) pmx
(9-20) pm, PR EARTE2Z, T 22FEIE BB,
AT RERIE(E 6), 2 B M WA A0E T,
Wik KHI1 5 il % Fl (Aspergillaceze) . 1 % )&
(Aspergillus) it Pk —2L
222 HENMZTEYFELRE

KHJ1 Pk DNA 318 55 2 By IE M e e rh k]
FEHR/INK 570 bp 245, ITSTRNA #4514 NCBI |
BLAST X3 GenBank %35 (MF928710),
FEiFk KHI-1 (9 ITSTRNA J£%1 5 Aspergillus niger
ATCC16888 (AY373852)/F 5l HIik 100%., fi#
F MEGA 6.0 % {4, Lk Neighbour-Joining 75 ¥4
PEAER (] 7), s A5 B s i R AR SR A s e
PRI, ARMEAN 96, LZATEAFRES ITS
JEBN 40T, K B R KHI-L 585 0 B A5 Aspergillus
niger KHJ1, %Pk C PR T H S 38 S 9
PO B L, HAARE S5 i CGMCC14629.

+x2 EHREBEUSIKRER
Table2 Physiological and biochemical propertiesof strains
Items PSI-1 PSI-2
Methy! red test + -
Indole test
Voges-Proskauer test

Glucose fermentation
Starch hydrolysis
Catalase test

+ o+ o+ o+ 4+
+

Hydrogen sulfide test - =
Gelatin liquefaction test + -

Citrate test - -
Note: +: Positive; —: Negative.
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100 Bacillus acidicola 105-2" (AF547209)
4|£ Bacillus shackletonii LMG 184357 (LJJC01000006)

65 Bacillus idriensis SMC 4352-2" (AY904033)
Bacillus huizhouensis GSS03" (KJ464756)
57 w'_? Bacillus ginsengisoli DCY33" (HQ224517)
100 52 Sporosarcina ureae ATCC6475" (AF202057.1)

Bacillus panaciterrae Gsoil 1517" (AB245380)

Bacillus tianshenii YIM M13235" (KF811034)

69 4|E Bacillus luciferensis LMG 184227 (AJ419629)
92 100 Bacillus acidiceler CBD 119" (DQ374637)
Bacillus cytotoxicus NVH 391-98" (CP000764)
Bacillus manliponensis BL4-6" (F]1416490)
— Bacillus bingmayongensis FIAT-138317 (AKCS01000011)
L Bacillus gaemokensis KCTC 13318" (LTAQO01000012)
Bacillus pseudomycoides DSM 12442" (ACMX01000133)

57 |: PSI-1 (MF928090)
Bacillus anthracis Ames (AE016879)

100 Bacillus weihenstephanensis NBRC 101238" (BAUY01000093)
— 1 Bacillus mycoides DSM 20487 (ACMUO01000002)
72— Bacillus wiedmannii FSL W8-0169" (AE016877)

Y Bacillus toyonensis BCT-7112" (CP006863)

_|: Bacillus cereus ATCC 14579" (AE016877)
Bacillus thuringiensis ATCC 10792" (ACNF01000156)

0.005
| IS

3 E#k PSI-1 &£F 16SrRNA EEFFINARZ L B LK

Figure3 Phylogenetic tree of strain PSI-1 based on 16S rRNA gene sequence

IE: FIT MEGA 6.0 # 1 (¥) Neighbor-Joining A RGE R B, 55 NBEHRIVE RS, T EREUEE A R(H(%).

Note: The tree was reconstructed by the Neighbor-Joining method using the MEGA 6.0 software. Accession numbers of the bacterial
isolates are shown in brackets. The numbers at the branch nodes are boot strap values (%).

i: Enterobacter xiangfangensis 10-17" (HF679035)
Enterobacter hormaechei subsp. steigerwaltii DSM 16691" (CP017179)

71 — Enterobacter hormaechei subsp. hormaechei ATCC 491627 (AFHR01000079)
59 { PSI-2 (MF928091)
57 Enterobacter hormaechei subsp. oharae DSM 16687" (CP017180)

l: Enterobacter tabaci YIM Hb-3" (KP990658)
99 Enterobacter mori LMG 25706" (GL890774)
— Enterobacter ludwigii EN-119" JTLOO1000001)
63 L Enterobacter cloacae subsp. dissolvens LMG 2683" (Z96079)
Enterobacter bugandensis EB-247" (HQ122932)
56 Enterobacter cancerogenus LMG 2693" (Z96078)
{ Enterobacter cancerogenus LMG 2693" (Z96078.1)
Enterobacter asburiae JCM 60517 (BBED01000197)
Enterobacter soli ATCC BAA-2102" (LXES01000062)
_|: Cedecea davisae DSM 4568" (ATDT01000040)
100 Cedecea lapagei JCM 1684" (LC036260.1)
Enterobacter aerogenes KCTC 2190" (CP002824)
Citrobacter freundii DSM 30039" (AJ233408.1)

50 Enterobacter amnigenus ATCC33072" (AB004749.1)
0.005 TC Enterobacter kobei CIP 105566" (AJ508301.1)

Bl 4 H#k PSI-2 &TF 16SrRNA EEFIIN R %L B LR
Figure4 Phylogenetic tree of strain PSI-2 based on 16S rRNA gene sequence
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=3 EW KHI-17E 3MAREEFREHSIEF 10d HEKKR
Table3 Growth condition of KHJ-1 strain for 10 days

Index MEA medium CYA medium CA medium
Surface color Black Black center with awhiteindusumintheedge Brown-black
Color inthe rear of the medium Yellow-orange Greenish-yellow Colorless
Colony characteristics Dry and wrinkled Wrinkled Wrinkle free
Speed of growth Fast growing Fastest growing Slow-growing,
Colony diameter (mm) 85 mm in diameter 90 mm in diameter 80 mm in diameter
Whole colony Round Round Round
Margin Irregular Irregular Irregular
Consistency Adhere to the medium more tenaciously Tenacious Tenacious
Odor Mouldy Mouldy Mouldy

5 HHk KHJ-17E MEA. CYA 5 CA 35 E ERE KRR
Figure5 Developing conditions of KHJ-1 strain in different medium

. AL B: fEMEA JFRILIERI S5 0A; C. D: 76 CYA Bie R m S5 ifi; E. F: 76 CA S 3L E i 5 /i
Note: A, B: MEA medium; C, D: CYA medium; E, F: CA medium.

6 KHI-1EHRIELZFRETRSE

Figure6 Themorphologic hyphal and acervulus of endophyte KHJ-1 strain
H: A EMEZIES; B: HEHARAITIES.

Note: A: Mycelial morphology of KHJ-1; B: Spore morphology of KHJ-1.
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Aspergillus flavus meijun3’ (KR076750)
Aspergillus awamori SRRC 3327 (AY373840)
Aspergillus orvzae JSM-21" (JN227035)

KHI-1 (MF928710)

Aspergillus niger ATCC 16888" (AY373852)
Aspergillus brasiliensis CBS 101740" (F1629321)
Aspergillus ellipticus IMI 1722837 (AY656631)
Aspergillus ibericus IM1 3914297 (NR 119514)
Aspergillus sclerotioniger CBS 115572" (NR 077192)
Aspergillus carbonarius CBS 111.26" (FJ629325)
Neosartorya fennelliae NRRL 5535" (EF669995)

B 7 ETEEKHI1458SrRNA EEFEFIIMENREL BN
Figure7 Phylogenetic tree based on the 5.8SrRNA gene sequence of KHJ-1
I FES RTINS R YRR GenBank B 555 & B M S EUEE R A RH(%).

Note: Number in parenthesis represent the sequence’s accession number in GenBank; Numbers at notes present bootstrap percentage.

2.3 BEREIPERRERYE
231 EHEE KHI-1EMRERZEHERBIMEENE

W FLE KHI-L X SRR 2 B R 1R e it S 0
W, i 296HE R R A ROR 06 B R+ QR AR 8
FRIL(EIA), WS XA, 4 14d ESE, 5%
B 2R B SL AR VR, AR TR AAR AR A R, X R
WARBH, LRHARK LGB BA KR E AL
R, FLIFERZEAIRAT (A 8), ¥ 8B Hhrim KAHIA
LN 1.02 mmx0.669 mm.

F Al A 02 H AT SRR R G W R 450 S AR b
AR R T, BOR G R B g K AT
FREEA AR INR e, Hzfi Mk, SR RERRAR,
S R T 0 s o B O o B K 4 i
il 85.02°£0.12°, /K PEAR S ; 14 d Jm il 5 A

5.0 kV 8.0 mm %30 SE(M)

El8 SEM MBBARZIGERFE

Figure8 SEM observation of the surface of polystyrene film

W A ZEXTIE; B 3R KHIL EHE 14 d J5 s A

1.00 mm

5.0 kV 8.0 mm %30 SE(M)

KB 45 & 61.25°40.16°, R BEfi /N, S
KRGS . B MK AR Ek 0 d W
480.87%+4.15%[% % 95.25%:+4.38%, {13 &
JFA () 240.5+3.30 MPa [ % 90.0+2.81 MPa, & F
F12F BRI T R o 5% 5 b Fh ) 4 R RS A8 A5
N R IEs iRy e STANE K N R & ol
% HEZH RS LT TE AR A o 22 W B B A 0 A
A AR I AT SR RIR LM
232 KHJI-1EMRERZHFRANE

PR KHEFL BEMATIRA 5 g BRI
WOk A FOIR AR R 36, 30 °C. 150 r/min Jki%
3% 60d, & 5dBUFE—IR, YERERIEBRIE
T EEE, FREETERR N RESR, 2045
SR 3 PAT(R 9), IR TR A K

I 1.02/mm

1.00 mm

Note: A: Control; B: Film damaged after 14-day inoculation of strain KHJ-1.
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B9 EMREKMNBERIETAEENFM
Figure 9 Effect of weight of polystyrene on growth of
KHJ-1

G TN, 60 d 4 f T8 A KAk 1.641+0.032 mg,
M 5,10, 15,20 d B} K 245 ki F 43 31 A 5.8
25.8. 37.6. 54 mg, 20 d J5¥ RN — R BT
PR SR, S5 25 d i PS ik B AR R
TS, kERA 57mg, 5 ERIMERHZE{Y 3mg
KA, WARTE 20-25 d (AR B A4 KA (9
FIARE), SEUACHZENE; 30 d B R BRI EE
BEE, IRE| TXEUE R, PSAHETA 81.6 mg,
5 R A E S 24.6 mg; F53E 40d 5 Ik
FORTE, BRSO S:, 45 dillEY Bk E
FH2Z 5.3 mg; 50 d I Pk ) HHHE LB PR, 60 d
I PS 2§ 5 5 214.8+0.004 mg, Kk EH N 4.29%,
8 P WY AT AR A 38 T 0T st Ay 2 Tt 418 aA BN
B KAy, PS RFE W ARSI, Wiss (4l
SR JE JLT- TCAE AR, 16 B SRR 2 0 ST 11 o4 i
JEWRARAE I B 25 SR AR K AR R

3 WHES®

BRI 5 e 2 T S PR IR Rl , ™ Bl
A S IR T SRR 0 SO b e ME R A 2R 2
— o SALBRILRL AL GE T IE A B, R RT R P  fie
AR T AL AP I Al 2 A Ji o B IS S
WA WS E A [8] e SR X T AR R FE N Bk
BUAE A 55 58 B v B0 EL B AR T L L R R g il
REE ARSI RN [ P B 1.(218 Al
JiE w2 RS, B E L AR T

Proteobacteria 1 Firmicutes i | M8 1 b 5k #1-45
P v 300 ) R 9 M B DR AR TR R A 4
B, WEE PS AAHXS T4C % R rp = B e e Y 2
Alcaligenes (#HXt3FF 35.9%), KAl L& PS
SR U I 3 Wl R S A i O Y L Adig
S5 AT PS A -3 b 2t 6 RhANT, BEATLA
PS 1A ME—BRIFTERE BRI AR, 38 Al i Ak
WE Y, KB A4 Paenibacillus urinalis
NA26. Bacillus sp. NB6 #1 Pseudomonas aeruginosa
NB26 3 FAREM PS rhfgli—2bf, (HIRIFRA
M B RAEF AR kT IR Y R A
B 8 MRITAETA
Serratia . Bacillus subtilis . Enterobacter sp. .

43 32 Senotrophomonas

Bacterium . Saphylococcus .  Senotrophomonas
maltophilia 1 Citrobacter, 8 ¥kE7E PS i 354
JE TS, B P ARl A T R 1) SRR A 3
WFFER R IR, Gilan e A T
[ f PS 14 P2 Rhodococcus ruber C208, %
R AR 1T 1% 8% %0, 2014 4F Yang %5 ¢ Ik L 4T
WEFEHE /R T i i (Plodia interpunctella, 145 BEIE)
Jr 1 A7 TEAS SRS 3R £ 45 (Polythene, PE) YL
M, M 2 R4 Bacillus spp. YP1 Al
Enterobacter asburiae YT1, 60 d {4557 PE sk
HARTE 10%, FFAER ARSI BRI DR K %
P AR 27~ Hh vl P 2015 4F: Yang BF5 141 BA
SRR, Ry B4y HEURE DG T RO vz SRR R by
IR R RS 1) {2 21 RROIE S SRR 2 K
B R T 2R . Bombel li S5 7E R 25 e 55 P4 1y 25 AE
IR A LT 5 k&l o, BIFTEE 100 g e 55 5]
T A SR A ik, A 40 min A8 [T i AL
T, 12 h J5 SRS T R ORI R0 T 92 mg, 1L
TR 41 P AE e A S Se SR B R 0.13 mg/d;
SR IE SR A I AN pl e HRORE WAL G,
h— 2l SRR SR TE PE SRS |, OB R
B PE b @filt e TR, IS PE B4kl 1 &
TERARSY T, AESCE R T PE w4 TRER,
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AT S BRI 1) 60 d % 22 1A MR R AR IR BRE
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Aspergillusniger, 3 PRI RE LSRR LM Ry ok — Tk
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TR A, KAl A 5 22 P RE e 25 R R, YA
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W, BKPEIRES , KPR, A3 H T B AR ARG R
Rofide o ANt R b, BRARKE PS T 2rFHESAL
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{HFEAR R TR Z AN HRAR I FH 28 i 25 20 187 P4 A
PS ST HIAR > o ASWESE 70 B ) Aspergillus
niger KHJ1 AR F SCHR A fiRiE I TRAR T 5, B
R LIRS JR I E #7282 T 60 d, JE I B
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—EMIZEE , AR A AT DIE 2175748 M R A AR
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