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Screening of microplastic degrading bacteria and evaluation of their performance

ZHU Huihui"?, ZHANG Shubin®, ZOU Guoyuan®, XIAO Qiang?, LIU Dongsheng®, LIANG Zi’an"", LIU Jianbin*"

(1. College of Life Science and Agriculture Engineering, Nanyang Normal University, Nanyang 473061, China; 2. Institute of Plant
Nutrition, Resources and Environment, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: To reduce the impact of microplastics on the environment, a five—point sampling method was used to collect soil from a long—
term coated plot of Beijing Academy of Agriculture and Forestry Sciences in September 2020. A group of microplastic degrading bacteria,
named ZH -5, was obtained using the enrichment culture method. The composition diversity and growth characteristics of ZH-5 were
analyzed by high—throughput sequencing technology and Biolog—Eco microplate method. The degradation potential of ZH-5 for
microplastics was evaluated by the weight loss method, scanning electron microscopy, and fourier infrared spectroscopy. The toxic effects of
ZH-5 on crop seeds were investigated using the seed germination test. The results showed that the microplastic biodegradation flora
consisted of nine phyla, belonging to 94 genera. Proteobacteria and Actinomycetes, which were the dominant phylum, accounted for
60.34% and 16.86%, respectively. The main bacteria were Noviherbaspirillum sp. (29.81%), Ammoniphilus sp. (16.28%), and
Pseudomonas sp. (11.76%). After 60 days of culture, the degradation rate of ZH-5 for polyethylene reached 2.86%, which showed a

significant growth—promoting effect on crop seeds. Compared with the PO treatment (treatment without bacterial solution ), the P1 treatment
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(inoculated 100 times diluted bacterial solution) promoted the growth rate of cucumber, radish, melon, and cantaloupe root length by
31.38%, 108.13%, 57.59% and 223.03%, respectively. The results show that ZH-5 has the potential to degrade polyethylene microplastics,

and has certain research significance in reducing environmental pollution caused by microplastics.

Keywords : microplastics; environmental pollution; polyethylene; biodegradable; degradation performance
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VLY B 45 ) — BRI £1 BR 1 (C208) , 3R 56 3IE W 3%
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P53 F 1R 4 000, CAS 452 9003-88-4, 11 & T
Sigma—Aldrich 23w o IR 75% WA LA S 550
b PR, KIS B RURLA#AF T 0 & b A
1.1.2 G0 K g 7R 2k

30350 A k7R 20 (Tween 20) F130% AUE K, —
BT

LB 15 3% 3£ . 10 g Tryptone, 5 g Yeast extract, 10 g
NaCl, 1 000 mL ZE42 7K , pH 7.2 ; [ AR K5 35 JE T80 18~
20 g I BEHEHS

B HEAMKRNA)EFIL 5 ¢ Lab-lemco—pow-
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s JC KB 1.0 g FeSO4+ 7TH,0, 1.0 g MgSO, -
7H,0, 0.1 g CuSO;4 - 5H,0, 0.1 g MnSO, - H.0, 0.1 g
ZnS0,+7H,0, 1 000 mLZ&18 7K ,pH 7.0,

WA TG B B ) £ 85 5% Y7 (Liquid carbon—free
basal medium, LCFBM) : 0.92 ¢ K;HPO, - 3H:0, 0.7 ¢
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KH,PO., 0.7 g MgSO. - 7TH,0, 1.0 g(NH.),S0., 0.005 g
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1.1.4 ftaFp+

BN R S 25 F1L, 8 N SR i
E 182 F1, &AL Rl A 5t E4 % 25 FL, &K SRRk
HE352F1,
1.2 R FHE
1.2.1 TA W o A DRI 1) 7 2o
1.2.1.1 AR TR 9 43 12 i ik

PRI 25 K 5 g BRGNS 45 mL ISR K
A, BB FEFE IR TE 28 °C . 180 romin™ FIFH
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93 CAEME 60 5,50 “CIR 2k 60 5,72 CHEfH 90 5,25 M
572 CIEAH 90 Y, SR IR AR 2GR A R
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CA, L) S MmNy . A 31K,
1.2.2 AW 2 HErEE

F F Biolog—Eco f~F#2 (31 Fjfifc Ut ) I 5 o At 1
TE X B 0 A8 A R (AWCD) , AWCD 7T LU A A
PIRE TR B BRI PE o 30T BRI B 107 B 48
PR R 50 , SR B V5 TR FR 31 Biolog—Eco 1
M, LN 150 L, B4R i i i-r- Al 1 28 “Cli
T 55 TR P S K5 7% 240 b, W 18] AR 24 b 7R il AR A
(SpectraMax M5, ZE[H ) 325 590 nm T B G5 FEAE
R E 3N ERE . AR,
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A Col 8 I FLAE 590 nm R (6% BEAE s R R %
LAY A (C-R)/NF O BIFLIE M 0,

Witk TR AR ER R RO I T

Shannon 8 4{ H' = - X P; X InP;
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FL R R X R SR 5 A BT Al ) AR W ' RS Y
e fh .
1.2.3 T Py R s e il 25
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W

Tip=In2/K
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B33 60 d J5 R PE BURIE & . R FR A 5 IR 4
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JE7E SEM T UEA 7 UL,
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) 43 Mr B i 1 ) PE SO B S 25 M A8 b . 7
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VO T v FE TR R 10,50 75 11 100 5, 3056 4 B D0, 36
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Table 1 Experiment treatment of crop germination

R R WA Y, Composition of culture medium

Ak a5 I
Treatment 0. 1‘270(,)'/Twien OF?E?/% Deiife?\:{kater/ Dih?ffj: iﬁﬁria
m & mL liquid/mL
CK 2 - 198 -
PO 2 + 198 -
Pl 2 + - 198(x100)
P2 2 + - 198(x50)
P3 2 + - 198(x10)
P4 2 + - 198 (J5 )

1% WHART]

KD KR T A P2 AR FR M
L% Fih 50 47, 5 b P4 5 F 7G5 — B T (25+1)°C
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MR 15 77 ML A K ST RIS Dl Bk H RN FE K 4> 2R B
ICSER A H B R BOE  B557 7 AR TR TR & 2F
RS R ZERREORIE 118 E, B AL B 10 BRAE
BRAT e HAR K ZER R i TR AR % Tl
R EINERE . IS HEH IS Ik,
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o _ I K AR BR - W RAIA K AR
= X IR KA
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R 2ER=J 2R I A RO R T 40<100%
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TG HHRE(VD=S x GI
2 G Sy o BF ] 19 & R85 De ML 1 2% 2B T]
d; S R FARKE  em. WEARZS R R Rz 3T Fh1—2F
AR T & s B 24 hid — IR E R, B RE
(41 d BIA K 2 G
1.3 SEitar i

KA Excel 2013 #4F0EF T 5CHR 0 5% S5 40 B, 2R T
SPSS 21.0 # {4 #E 47 B R 2 7 22 43 M1, >R A Origin
2021 F A

2 #ER5iTiR
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Enriching the carbon—free mineral salt culture medium
| BEREHSBEIXR

Figure 1 Isolation test of degrading bacteria community

2.1.2 ZH-5 [ e & 0 A

FH 1] 2 BT, 76 DL PE by ME— Rk 5 9 35 3 6 vp 3%
7% 60 d i, 38 2o =y 38 5 T 2 M iR AS ZH=-5 A 307 5
HH 35 348, 4 ZBHFEECH 1493 512, )7 51 E K
422 bp, #AE/> 25 B0 OTUs - ¥ 131, ZH-511 9
ATTH B, 45 94 )& , Hrp 22 JE 1R T ] (Proteobacteria)
o 60.34% . it 2k ] (Actinobacteriota) (5 H
16.86% , X SEAN TR [ 12 N ALHT T, W] Ikt %0 1% T
T R 21 @ kB AR IBUIE 1 ( Noviherbaspirillum sp.) /5

IR

M Proteobacteria
M Actinobacteriota
M Firmicutes

M Bacteroidota

B Cyanobacteria
I Others

16.53%

16.86% 60.34%

[t 29.81% W& % 14 (Ammoniphilus sp.) (5 tt 16.28% &
PR T (Pseudomonas sp.) i FL 11.76% . B4 W55t
HIE T 2RI OB R A T L 91 40« Park S5 AT 457
PSR e H AR S R RIR & A R 15 3R 0 e ) o
ZE AT TH J& (Bacillus sp.) F4U ZF #1T 17 )& (Paeniba-
cillus sp.) W FZH & . Mohan S5 EH T Pseudomo-
nas sp. # Bacillus sp. WIREREIE J1 . ZH-5 i AE7E H AT
B v HA R A ORE 1 A R TR | 40 Pseudomo-
nas sp., [/ B0 H BT AN T B4 S S R A6 i 0k T e
) Noviherbaspirillum sp.. Chaudhary 57" )\ 57 ¥
15 Y B0 L 3 v B R € R SR A R TR PR
DKR-6 T, il i R4t % 7 73 M1 il 16S rRNA 2 [] 757
2B, Ak DKR-6 T 3R J& F Noviherbaspirillum
J& UL B BETE & A T RGBT A
i — 2R W ZH-5 HA MO T 77 .
2.2 ZH-SERIERIGHE R I EE SIS EM T
AWCD $8 78 T WA W 1 T 110 6 A0 4,
e ZAEPEFE B 45 Shannon F5 44 (H' ) \Mclntosh $i7
B(U)F Simpson $8EL (D) , 4351 g WL A= i 19 3=
LS H R, R 3R, ZH-5 1)
AWCD B TE 35 3% 24~192 h B [B] P 38 , 75 192 h )5
FaFRaE , VIR IEAR L 192 h G AWCD (4 B & 42 =
T 92.3%. & 4 AT ZH-5 5 H' 5 50k 5 58 ik
¥, 192 h )5 H'(E 0 16.53, .2 = T ¥ IR 8 5.89 (P<
0.05) . U{E I 52 AN i 15 R 8, 3 B T ) 249 &) 2
TEAWIEI . DS R RN, ZH-5 BORE AR 3
JEE I [R] (R 385 AN T3 K, 192 h 5 R O 3 I
F o THIAE (P<0.05) o 4= SCHE il L 14 d T i
ISR IT T K 206 (PS) 5 28 9 AH ELAE XTI
RETE S5 R RS20, 45 R B, DAY 2% 5% T AN W) b 2

JERF

B Noviherbaspirillum
B Ammoniphilus
o, M Pseudomonas
81% W Nocardioides
W Lysobacter
W Pontibacter
M Rhodococcus
M Brevundimonas
W norank_fJG30-KF-CM45
W Ornithinimicrobium
W Methylobacterium-Methylorubrum
W Pseudarthrobacter
M Others

16.28%

11.76%
B2 BEfEE R 1K FIEAFT YA

Figure 2 Species composition of degrading flora at phylum level and genus level
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Table 2 Mass reduction efficiency of ZH-5 in PE micro plastic medium

il WY IR R B 85U (K) el
Treatment Initial weight/g Final weight/g Degradation rate/% Sig. Reduction constant Half-life/d
CK 1.05 1.05 0 ©

0.07
ZH-5 1.05 1.02 2.86+0.000 2 0.000 5 1386.2
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Table 3 Effects of ZH-5 on plant seedlings under micro plastic stress
Ta S Rh piBL] LilSIS ERIS i Joi it L it ol b B SIS PRI i Joi it
Plant variety Treatment  Root length/cm  Buds long/cm  Fresh weight/g || Plant variety ~Treatment  Root length/em  Buds long/cm  Fresh weight/g
#HIK CK 15.38+<0.01a 1.63+0.01a 0.35+0.01a DI CK 7.86+0.29a 0.97+0.01a  0.09+<0.01a
PO 8.54+1.73¢ 1.21+0.03¢ 0.27+0.02¢ PO 2.24+0.98hc 0.66+0.02b  0.07+<0.01a
P1 11.22+1.26bc 1.18+0.01¢  0.28+0.02bc P1 3.53+1.14b 0.64+0.03b 0.09+0.01a
P2 11.91+0.60b 1.30+0.04b  0.32+0.01abc P2 2.81+0.98b 0.62+0.01b 0.08+0.02a
P3 9.14+0.85bc 1.18+0.02¢  0.33+0.03ab P3 1.40+0.12be 0.61+0.03b  0.07+<0.01a
P4 <0.01+<0.01d  <0.01+<0.01d <0.01+<0.01d P4 <0.01+<0.01¢  <0.01+<0.01¢ <0.01£<0.01b
AN CK 9.03+1.12a 1.18+0.06a 0.19+0.01b EDIN CK 8.47+0.22a 0.93+0.02a  0.09+<0.01a
PO 4.55+0.60¢ 0.50+0.01b 0.18+0.01b PO 1.65+0.83d 0.50+0.25b 0.04+0.02b
P1 9.47+0.35a 0.50+£0.01b  0.23+<0.01a P1 5.33+1.19be  0.64+0.02ab  0.08+0.0la
P2 9.07+0.17a 0.48+0.02b 0.23+0.01a P2 7.10+0.53ab  0.64+0.03ab  0.10+0.01a
P3 7.08+0.36b 0.48+0.01b  0.25+<0.01a P3 4.13+0.80¢ 0.63+0.0lab  0.10+£0.01a
P4 <0.01+<0.01d  <0.01+<0.01¢ <0.01+<0.01c¢ P4 <0.01£<0.01d <0.01+<0.01¢ <0.01+<0.01c¢

T RS R NE TR 3R A BRI 22 57 8.2 (P<0.05)

Note : Different lowercase letters in a column indicate significant differences among treatments (P<0.05).
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