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Diversity of culturable bacteria in mudflat sediments of the Pearl
River Estuary and exploitation of microplastic-degrading
bacterial resources

WANG Ying', HE Huanhuan', LU Chunyan', ZHENG Zhuohuan', WANG Sen', HUANG Yi',
LI Bingyu', DONG Lei'", LI Wenjun"*'

1 State Key Laboratory of Biocontrol, School of Life Sciences, Sun Yat-sen University, Guangzhou, Guangdong, China
2 State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy

of Sciences, Urumgqi, Xinjiang, China

Abstract: [Objective] To explore the diversity of culturable bacteria in the mudflat sediments of
the Pearl River Estuary in Guangdong Province and to mine strain resources capable of degrading
microplastics from these sediments. [Methods] Five media were used for microbial isolation, and
phylogenetic analysis was performed by MEGA-X software. The polyethylene terephthalate (PET)
medium was selected to screen PET microplastic-degrading strains, and then gene function
annotation was performed. [Results] A total of 265 bacterial strains belonging to 71 genera, 32
families of 4 phyla were isolated, including 168 (63.40%) strains of Pseudomonadota, 38 (14.34%)
strains of Actinomycetota, 31 (11.70%) strains of Bacillota, and 28 (10.56%) strains of Bacteroidota.
Based on the homology of 16S ribosomal RNA (16S rRNA) gene sequences, it was hypothesized
that 59 of these strains might be potential new species. From the isolated strains, one PET
microplastic-degrading strain was screened. [Conclusion] This study successfully obtained unique
microbial resources from the tidal flats of Xiangzhou District, Zhuhai City and one strain capable
of degrading PET and using PET as the sole carbon source.

Keywords: Pearl River Estuary; mudflat sediments; bacterial isolation; microplastic degradation
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FEREASRAE SR R AL (AR R 9.8 em)2R4E 3
AR I FR)E (5-15 e) MER TR (2R3
JETEFE O S o BEASRAE SRS 0 R 3 AR
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WiPR . A, SRFCHLERRG FR I PET K953k

Location of samples in tidal flats of Xiangzhou District, Zhuhai

Sample Date Island name Sample type Geographical coordinates
XZ1 2024-01-02 Yeli Island Clayey 22°17'4"N, 113°35"2"E
XZ2 2024-01-02 Guishan Island Clayey 22°8'13"N, 113°48'52"E
XZ3 2024-01-02 Wai-lingding Island Sandy 22°6'18"N, 114°1'36"E
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e HA PET ORI DI BE M i bk . k%
FEEM A Ty W2 2,
1.1.3 FENHE

iR 4y 66 i1, ThermoFisher Scientific
vl PCRAX. BEMSASAIL, Bio-Rad AH]; &
5 K K H #4, Hirayama 237 ; 528 pH 1T,
Mettler Toledo 23 ) .
1.2 HmaE

PREL S5 g WEVRUTARYIAE i, TRAE K
250 mL =R CEA 45 mL o AR HER K AN
BERSER), B TEEFEK 28 °C. 200 r/min K737
30 min, B 5 HFE S min, T Lm0 B
At -
1.3 FAIEFARETE. S5 EE

V8 T Ak L ) WV VA R R T RO T R A
PRERIKAF IRRBEZE 1072, 107, 107*3X 3 AR A]
PR RERE , DR B L 43 S WG R 100 pL #
air, A I JC B U A B L1 S Hb U A1 7E 2216E
2216EM. 2216EMN, R2A. TSA iX 5 FpA[A] )

R EFEOS
Table 2 Media formulation

SrEERSREE b WA, XA AR iR
pric, (A OB AR B, RO A
PREELS T, T 28 °CHY 1E I 1% 57 41 v (8] B 15 57
1-4 J& o Te0reiiae MmN, e ST iy
WEARKEN, WAEEERNRN., BiE, TR
JESF I ARIE A AR R, iR
DU or i R Ak SR SR, RS AR 5 S i O TR 2
P TR AR DL = X BB A8 W B P Al b gk
i sRaifh, X - BRTHEREREZ T, HIK
R — DT . b i AR I AR 50k
20% Y H VPR T80 °CUKAR
1.4 PCR &5 F5INF

7£ PCR & HIIA 100 pL FiE#E R 100 g/L
(%) Chelex-100 %5, i FHAZEFP ALKl 7 FAY HR
PRI R, B HEE TRV A PCR &,
FATIRAT, T 99 °Cm#A 30 min J5, PCR &
(1) E ISR EN N 16S rRNA JEPR B4R . % FiE
FH51#¥ 27F (5'-AGAGTTTGATCCTGGCTCAG-
3")H1 1492-R (5'-GGTTACCTTGTTACGACTT-3")

Media Formulation (g/L)

2216E medium Pronase 5.0, yeast extract 1.0, citric acid ferric 0.1, NaCl 19.45, MgCl, 5.98, Na,SO, 3.24, CaCl, 1.8,
(Zobell marine agar ~ KC10.55, Na,CO; 0.16, KBr 0.08, SrCl, 0.034, H;BO; 0.02, Na,SiO5 0.004, NaF 0.002 4, NH,NO; 0.001 6,
2216) K,HPO, 0.008, agar 18.0, pH 7.6+0.2

2216EM medium Pronase 5.0, yeast extract 1.0, citric acid ferric 0.1, NaCl 19.45, MgCl, 5.98, Na,SO, 3.24, CaCl, 1.8,

(2216E with nystatin) KCl1 0.55, Na,CO; 0.16, KBr 0.08, SrCl, 0.034, H;BO; 0.02, Na,SiO; 0.004, NaF 0.002 4, NH,NO; 0.001 6,
K,HPO,4 0.008, nystatin 0.05, agar 18.0, pH 7.6+0.2

2216EMN medium
(2216E with nystatin,
nalidixic acid)

R2A medium
(Reasoner’s 2A agar)
TSA medium

(tryptic soy agar)

Pronase 5.0, yeast extract 1.0, citric acid ferric 0.1, NaCl 19.45, MgCl, 5.98, Na,SO, 3.24, CaCl, 1.8,
KC10.55, Na,COs 0.16, KBr 0.08, SrCl, 0.034, H;BO; 0.02, Na,SiO; 0.004, NaF 0.002 4, NH4NO; 0.001 6,
K,HPO,4 0.008, nystatin 0.05, nalidixic acid 0.05, agar 18.0, pH 7.6+0.2

Yeast extract 0.5, peptone 0.5, casein 0.5, glucose 0.5, dextrose 0.5, K,HPO,4 0.3, MgSO,4-7H,0 0.05,
pyruvic acid sodium salt 0.3, agar 18.0, pH 7.5+0.2

Tryptone 17.0, soybean peptone 5.0, NaCl 5.0, glucose 2.5, K,HPO,4 0.5, agar 18.0, pH 7.5+0.2

Inorganic salt medium

PET medium

(NH4)QSO4 10, KH2PO4 07, KQHPO4 07, NaCl 20, MgSO47H20 07, ZHSO47H20 0002, FGSO47H20
0.002, MnSO, 0.001, agar 18.0

PET 0005, (NH4)2804 10, KH2P04 07, KzHPO4 07, NaCl 20, MgSO47H20 07, ZHSO47H20 0002,
FeSO,4-7H,0 0.002, MnSO,4 0.001, agar 18.0
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8 o B A MM Rk B3R, e
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rEEY 11.70%; AT T 28 Bk, o5 EEY
10.56% (& 1A),
2.2 AEIEFEIEFHEE SN

K S FhREFRIENT 3 0PV FE S P A 40 B
T E R, Hidh, 2216EM iRk b 3451
Hhbki £, N 129 #R (55 J8), HKJE 2216E,
R2A. 2216EMN F1 TSA REF53E, 20 54k15 86 1
G1JE). 27 #R(12 JE). 12 #&(8 J@)FI 11 £R(8 J&)-
5 Tl SR 5L 20 B 00 AR PR AE R KT SR Y
J&, 2216EM Fl 2216E 355 A i n 85 SR 4 e
A 134, A IR B A B PTG R A R A
H A X 420 (1B, 1C), FETTKF L, 5 Ff
B S5 07 B 00 A TR b AR A R TR T A A
% BRI B T2 B 7E 2216E F1 2216EM 3555 4L |+
di LB 1D). AR 3 37 0 43 2 S B A W]
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Figure 1 Diversity of bacteria from tidal flats cultured in different media. A: Community structure of isolated
bacteria at phylum level; B: Venn diagram of differential genera; C: Upset plot of differential genera (The
intersection column of four media was marked in grey color and the numbers represent the count of total genera
or intersections of each component); D: Community structure of isolated bacteria in five different media at
phylum level; E: Community structure of isolated bacteria in five different media at genus level.
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7 AL R R
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(Pseudophaeobacter) .
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TV TR 8 A5 4 TR H TR R IR TR R B, e FT
WA . BT KR E W 2 A 1 R
ﬁiﬁ[zs’%]o
24 DEEKRPIEBEHRTLEETEE

X &l Ak % D B AR R AT 168 TRNA JE K 11
R, I X3R5 16S rRNA JE B 7 41 3
1T T X430 o A T R 985X S T Bk [R] 9 2 £k
*X &, K H MEGA-X # f, iz H 4B #
(neighbor-joining, NN A H# T RE K & W
(F 3)o AR I ¥ B R B9 16S rRNA 3 A 7E
NCBI X255, 456 ARG LT W
o i B, S E 59 FR VE A T B (FH 1oL
JE<98.65%) . TEIXLETEAEHAPrh, RPN
Wk R £, 04T 34 B (57.63%); Hik A
PIFT B TTHE R 12 $£(20.34%) 5 TR 1] B bk
11 B (18.64%); M ZF FRAT 14 ] 78 bk £ it 2D,
U 2 #:(3.39%) (£ 4). X— K NIERAMT
XL E R MAG LT RREM T E
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2.5 TREERIRE RN B B TH g K2 4T A

W o3 25 A AR 5 Y TR AR 23 0 7E T L ER B R
FLR PET 5 3L b Rk 8595 5 d i, WEEs

Table 3 The number and diversity of bacteria separated from different samples

Sample The number of isolates The number of genera/species The number of potential novel strains
XZ1 126 44/58 27
XZ2 59 21/28 10
XZ3 80 29/39 22
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Figure 2 Bacterial diversity of different mudflat samples in Xiangzhou District. A: Community structure of
isolated bacteria in three mudflat samples at phylum level; B: Community structure of isolated bacteria in three
mudflat samples at genus level; C: Venn diagram of differential genera; D: Community heatmap of differential
genera.
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Figure 3 Phylogenetic tree of culturable bacteria from mudflat in Xiangzhou District, Zhuhai City based on 16S

rRNA gene sequence. The color ranges of the innermost circle indicates the classification on the phylum level;

The color of the outnermost circle indicates the classification on the class level.

SYSU HHO14 FRREFELL PET AME—HkIEE) PET
Bt bAER, M TCHLER SR PR LA K
M HAR MR AE PET K552 LR B 95 3L b 3
K, F W] SYSU HHO14 FkERES FIH] PET
PEATAE AR, B BEfi# PET OB R R RE .
WE 4A Fi7R, MRS XZ1 b o i ik ) AE LA
PET by M — Al i 4= K 19 7 #& SYSU HHO14.
SYSU HHO14 [##k7E TCHLER G FR e rh ok A 4
{HA4E PET Brge b P HIRE R AP I, X —45 23R
WZ T PRBERS AT PET AT AR KA, H 4R
fift PET (4R IR ) o T BRI 708, B
SYSU HHO14 W& T 2F 4T & (Bacillus) 1R

i [ ZE AT R (B. cabrialesii), FFA4%E T 1% # Bk
(1L [N 20 2R e 4 7 W (1] 4B). #F SYSU HHO14
B Pk 1Y 3 4 7F KEGG (8] 4C) #il PlasticsDB
(32 58U PEIEAT UM 0B, R I R & A
Z A5 SRRl AR OC I BE %, B PET K fi
fii (PET depolymerase, PETase)*” | 3-8 %&£ 1% iR
it = Wi (3-hydroxyvalerate dehydrogenase, 3HV
dehydrogenase) ™™, I LI fiff SR i (polylactic acid
depolymerase, PLA depolymerase) ** 3 [A] % 4%
X SEEL P AE PET R fife ol R v n] R 4 SCHEAE
L SR EAR D BEFIAE R PIL 340 5 78 S5 0T
PR

http://journals.im.ac.cn/actamicrocn



1350

WANG Ying et al. | Acta Microbiologica Sinica, 2025, 65(4)

®4 S BEEVRPIHE DB

Table 4 The potential new species of isolated bacteria

Strains The most similar strains (type strain) GenBank accession number Similarity (%) Phylum
SYSU HHO07 Demequina soli HI12-122" NR 179185.1 98.65 Actinomycetota
SYSU HHO13  Altererythrobacter xiamenensis LY02" NR 133694.1 98.41 Pseudomonadota
SYSU HHO15  Streptomyces somaliensis DSM 40738" NR_025292.1 98.46 Actinomycetota
SYSU HHO19 Metabacillus schmidteae AS-110s11" OR&825855.1 98.23 Bacillota
SYSU HHO54 Rheinheimera riviphila KYPC3" NR_169409.1 89.67 Pseudomonadota
SYSU HHO056 Pontixanthobacter luteolus SW-109" NR 043151.1 98.09 Pseudomonadota
SYSU HHO066 Arenibacter palladensis LMG 219727 NR _042188.1 98.42 Bacteroidota
SYSU HHO75 Ruegeria conchae TW15" NR_109062.1 98.65 Pseudomonadota
SYSU HH079 Pseudomonas xionganensis R-22-3 w-18" NR _180878.1 98.53 Pseudomonadota
SYSU HHO81 Microbacterium lacus GP23T MW510008.1 98.64 Actinomycetota
SYSU HHO084 Pseudoruegeria aestuarii 174" OR675238.1 97.56 Pseudomonadota
SYSU HH090 Ruegeria conchae TW15" NR_109062.1 98.52 Pseudomonadota
SYSU HHO093 Robertkochia sediminum 13687 NR 181889.1 97.64 Bacteroidota
SYSU HHO095 Agromyces tropicus CM9-9" NR_112811.1 98.44 Actinomycetota
SYSU HHO097  Altererythrobacter epoxidivorans CGMCC 177317 CP012669.1 98.40 Pseudomonadota
SYSU HH098 Kangsaoukella pontilimi GH1-50" NR_179959.1 97.49 Pseudomonadota
SYSU HH106 Agromyces tropicus CM9-9" NR_112811.1 98.31 Actinomycetota
SYSU HH115 Leucobacter tardus K70/017 NR _042694.1 97.73 Actinomycetota
SYSU HH121 Amylibacter cionae H-127 NR 158032.1 95.46 Pseudomonadota
SYSU HH133  Erythrobacter mangrovi EB310" MT522623.1 98.37 Pseudomonadota
SYSU HH136 Altererythrobacter epoxidivorans JCS350" NR 043706.1 98.12 Pseudomonadota
SYSU HH141 Arenimonas donghaensis HO3-R19" NR _043790.1 97.92 Pseudomonadota
SYSU HH150  Aliiroseovarius sediminilitoris M-M10T NR _109620.1 95.00 Pseudomonadota
SYSU HH151 Photobacterium gaetbulicola Gung47" NR 117271.1 97.57 Pseudomonadota
SYSU HHI153  Arenimonas donghaensis HO3-R19" NR_043790.1 97.85 Pseudomonadota
SYSU HH161 Agromyces tropicus CM9-9" NR_112811.1 98.44 Actinomycetota
SYSU HH176 Rheinheimera aquimaris SW-353" NR_044068.1 98.32 Pseudomonadota
SYSU HH178 Agromyces tropicus CM9-9" NR 112811.1 98.23 Actinomycetota
SYSU HH179 Defluviimonas aquaemixtae CDM-7" NR 134014.1 98.07 Pseudomonadota
SYSU HH181 Defluviimonas aquaemixtae CDM-7" NR 134014.1 97.99 Pseudomonadota
SYSU HH182 Tabrizicola aquatica RCRI19T NR _117979.1 97.95 Pseudomonadota
SYSU HH188 Pontimicrobium aquaticum CAUT MKO051221.1 95.86 Bacteroidota
SYSUHHI89 Muriicola soli MMS17-SY 002" NR_179812.1 98.09 Bacteroidota
SYSU HH190 Arenibacter troitsensis M1517 OR999768.1 98.30 Bacteroidota
SYSU HH191 Arenibacter troitsensis M1517 OR999768.1 98.49 Bacteroidota
SYSU HH195 Arenibacter palladensis LMG 219727 NR _042188.1 98.58 Bacteroidota
SYSU HH199 Leucobacter luti RE6" NR 042425.1 97.27 Actinomycetota
SYSU HH201 Microbacterium saccharophilum K-1" NR 114342.1 98.31 Actinomycetota
SYSU HH205 Yoonia litorea DPG-5" NR _118329.1 98.37 Pseudomonadota
GE9)

>4 actamicro@im.ac.cn, 7 010-64807516



T | BUEYHR, 2025, 65(4) 1351
4% 4)

Strains The most similar strains (type strain) GenBank accession number Similarity (%) Phylum
SYSU HH207 Amylibacter cionae H-12" NR 158032.1 95.58 Pseudomonadota
SYSU HH216 Kangsaoukella pontilimi GH1-50" NR _179959.1 97.63 Pseudomonadota
SYSU HH223 Rheinheimera aquimaris SW-3537 NR 044068.1 97.90 Pseudomonadota
SYSU HH227 Roseovarius aestuarii SMK-1227 NR 044424.1 98.52 Pseudomonadota
SYSU HH228 Sneathiella litorea DPO5" MN381954.1 97.82 Pseudomonadota
SYSU HH239 Rheinheimera aquimaris SW-353" NR _044068.1 97.97 Pseudomonadota
SYSU HH243  Sneathiella litorea DPO5" MN381954.1 97.96 Pseudomonadota
SYSU HH244  Altererythrobacter xiamenensis LY 02" NR_133694.1 98.26 Pseudomonadota
SYSU HH250 Rheinheimera aquimaris SW-353" NR_044068.1 98.14 Pseudomonadota
SYSU HH259 Arenibacter troitsensis M1517 OR999768.1 98.08 Bacteroidota
SYSU HH262 Pontimicrobium aquaticum CAUT MKO051221.1 96.68 Bacteroidota
SYSU HH265 Arenibacter troitsensis NBRC 1015327 NR 114004.1 98.37 Bacteroidota
SYSU HH266 Arenibacter troitsensis M1517 OR999768.1 98.37 Bacteroidota
SYSU HH270 Maribacter cobaltidurans PR1T 0Q352841.1 97.81 Bacteroidota
SYSU HH296 Ruegeria conchae TW15" NR_109062.1 98.31 Pseudomonadota
SYSU HH302 Altererythrobacter xiamenensis LY 02" NR_133694.1 98.41 Pseudomonadota
SYSU HH304 Bacillus carboniphilus JICM97317 NR_ 024690 92.70 Bacillota
SYSU HH311 Agromyces tropicus CM9-9" NR_112811.1 98.44 Actinomycetota
SYSU HH320 Microbulbifer okinawensis ABABA23T NR 112917.1 94.27 Pseudomonadota
SYSU HH323 Defluviimonas aquaemixtae CDM-7" NR 134014.1 97.79 Pseudomonadota

3 Wik
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Figure 4 Screening and identification of microplastic-degrading bacteria. A: Comparison of the growth of
SYSU HHO14 strain in inorganic salt medium (left) and PET medium (right); B: Phylogenetic analysis of SYSU
HHO14 strain based on genome; C: Annotation results of the SYSU HHO14 strain genome on the KEGG.
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Table 5 The BLAST results of SYSU HHO14 strain genome on the PlasticsDB
Sequence Enzyme Strains Percent identity Length (bp) E-value Bitscore
00013 PU esterase Comamonas acidovorans 35.0 492 3.30E-57  208.8
00027 PLA depolymerase Paenibacillus amylolyticus 49.8 203 1.10E-52  182.2
00035 PEG aldehyde dehydrogenase  Streptomyces sp. 41.7 468 1.50E-99  329.7
00040 Protease Parengyodontium album 39.6 321 2.60E-43  163.7
00071 3HV dehydrogenase Paracoccus denitrificans 42.7 255 1.30E-53  188.7
00079 Esterase Clostridium hathewayi 35.0 409 1.60E-54  196.8
00093 PVA dehydrogenase Stenotrophomonas rhizophila  41.7 120 1.40E-22  100.1
00152 Protease Lederbergia lenta 60.7 275 1.80E-99  321.2
00154 Protease (PLA) Bacillus licheniformis 65.1 381 1.30E-149 469.9
00157 Esterase (PLA; PBSA) Alcanivorax borkumensis 36.8 473 4.00E-72  251.1
00179 Hydrolase (PBAT; PBSA; PCL) Bacillus pumilus 75.1 209 3.00E-99  316.2
00185 PETase (PET) Uncultured bacterium 40.4 277 2.30E-52  186.8
00209 Oxidoreductase (PU; PBAT) Bacillus velezensis 66.0 47 2.30E-12 71.6
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