[bookmark: _Hlk183508597]Electronic Supplementary Material

[bookmark: _Hlk207654491]The adaptive mechanisms of Bacillus velezensis C5 for survival on polyethylene microplastics

[bookmark: _Hlk224071294]Xianrui Liu, Shaojie Wang, Yilin Zhao, Haijia Su ()

State Key Laboratory of Green Biomanufacturing, Beijing Key Laboratory of Green Chemicals Biomanufacturing, National Energy R&D Center for Biorefinery, Beijing Synthetic Bio-manufacturing Technology Innovation Center, Beijing University of Chemical Technology, Beijing 100029, China

E-mail: suhj@mail.buct.edu.cn

[image: ]
[bookmark: _Hlk204940968]Fig. S1 Phylogenetic tree of strain C5 based on the genome. The genome of strain C5 was classified using the GTDB-Tk v2.1.1 software package with the gtdbtk_r207_v2 reference database and visualized using iTOL. Average nucleotide identity was calculated using FastANI and OrthoANIu algorithms.
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Fig. S2 Degradation of n-docosane (C22) by strain C5. (a, b) Degradation of C22 by strain C5 after 1 day (a) and 8 days (b) of cultivation with C22 as the sole carbon source. (c, d) Degradation of C22 by strain C5 in the presence of 10 g`L-1 glucose supplementation, after 1 day (c) and 8 days (d) of incubation.
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[bookmark: _Hlk204940976]Fig. S3 RNA-seq correlation check.
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[bookmark: _Hlk204940987]Fig. S4 PCA analysis. Note: Samples from the C5 and PE groups were processed in the same batch, while the C22 group was included in a supplementary batch. All three groups were subjected to sequencing and analyzed together.

2

  [image: ]
[bookmark: _Hlk204941000]Fig. S5 KEGG enrichment of differentially expressed genes in strain C5 grown on PE relative to MSM.
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Fig. S6 COG enrichment of differentially expressed genes in strain C5 grown on PE relative to MSM

Table S1 Bacillus velezensis C5 genome characterization (without plasmid)

	Feature
	Value

	Size/bp
	3929763

	G+C content/% 
	46.50

	Coding region/%
	88.48

	Total genes
	3949

	RNA genes
	194

	Protein-coding genes
	3755

	Protein coding genes with enzymes
	1170

	Genes assigned to COGs
	2927

	COG clusters
	1668

	Genes with signal petides
	252

	Genes with transmembrane helices
	1034




Table S2 Whole-genome average nucleotide identity comparison of strain C5 with related Bacillus genomes

	NCBI RefSeq assembly
	Taxon
	FastANI
	OrthoANIu

	GCF_001461825.1
	Bacillus velezensis
	98.07%
	98.29%

	GCF_000262045.1
	Bacillus siamensis
	94.30%
	94.33%

	GCF_000196735.1
	Bacillus amyloliquefaciens
	93.90%
	93.98%

	GCF_018613535.1
	Bacillus sp. ISL-51
	86.68%
	86.29%

	GCF_001584325.1
	Bacillus nakamurai
	86.60%
	86.42%


Caption: Whole-genome average nucleotide identity (ANI) values were calculated by comparing the genome of strain C5 against selected reference genomes using both FastANI and OrthoANIu tools. The ANI values provide quantitative measures for species delineation, with values typically above 95-96% suggesting the same species.

Table S3 Bacillus velezensis C5 Data obtained from RNA-Seq

	Sample
	RNA Quality Score
	Total clean reads
	Total mapping
	Ratio

	C5-1
	7.5
	29655362
	28771846
	97.0207%

	C5-2
	7.1
	34616092
	33522417
	96.8406%

	C5-3
	7.8
	28247394
	27766215
	98.2966%

	C5-C22-1
	4.2
	36482222
	36318305
	99.5507%

	C5-C22-2
	3.4
	31938806
	31750926
	99.4118%

	C5-C22-3
	3.9
	32609600
	32403976
	99.3694%

	C5-PE-1
	8.0
	32867484
	32315030
	98.3191%

	C5-PE-2
	7.8
	36496948
	35821200
	98.1485%

	C5-PE-3
	7.8
	33520708
	32976126
	98.3754%









Table S4 Differential expression of chemotaxis genes in strain C5 grown with PE or C22 relative to MSM

	Gene_ID
	PE_log2Fold Change
	PE_Padj
	C22_log2Fold Change
	C22_Padj
	Definition

	gene_1022
	2.318082
	3.68E-07
	0.183911307
	0.717905714
	methyl-accepting chemotaxis protein Mcp

	gene_1295
	1.781774
	1.33E-05
	0.278027179
	0.597263747
	chemotaxis protein MotA

	gene_2764
	1.769404
	2.21E-05
	-1.08174355
	0.03157256
	methyl-accepting chemotaxis protein Mcp

	gene_2762
	1.230849
	0.010407
	0.254118937
	0.606084605
	methyl-accepting chemotaxis protein Mcp

	gene_1571
	1.177485
	0.002239
	0.358318602
	0.357240237
	two-component system, chemotaxis family, protein-glutamate methylesterase/glutaminase CheB




Table S5 Differential expression of membrane protein genes in strain C5 grown with PE or C22 relative to MSM

	Gene_ID
	PE_log2Fold Change
	PE_Padj
	C22_log2Fold Change
	C22_Padj
	Product

	gene_3098
	7.52733
	2E-07
	0.968330147
	NA
	sugar transferase [Bacillus subtilis group]

	[bookmark: _Hlk221070490]gene_826
	7.205274
	5.7E-07
	1.927408099
	NA
	ABC transporter ATP-binding protein [Bacillus subtilis group]

	gene_3099
	6.559823
	1.64E-07
	-0.303436722
	NA
	MATE family efflux transporter [Bacillus subtilis group]

	[bookmark: _Hlk221070562]gene_517
	3.890417
	8.18E-05
	0.120102572
	0.910666707
	MFS transporter [Bacillus]

	gene_519
	3.613829
	5.65E-09
	0.398198243
	0.371723687
	DMT family transporter [Bacillus subtilis group]

	gene_282
	3.537537
	1.51E-08
	-0.366880527
	0.555317412
	MFS transporter [Bacillus subtilis group]

	gene_3279
	3.523128
	3.32E-11
	0.300265904
	0.744031954
	chromate transporter [Bacillus subtilis group]

	gene_3225
	3.46821
	2.04E-06
	0.625615197
	0.612425605
	exopolysaccharide biosynthesis polyprenyl glycosylphosphotransferase [Bacillus subtilis group]

	gene_345
	3.366985
	1.16E-15
	-0.261708743
	0.695475078
	spore germination protein [Bacillus subtilis group]

	gene_774
	3.313101
	5.57E-09
	-0.110071164
	0.914908338
	protoheme IX farnesyltransferase [Bacillus subtilis group]

	gene_240
	2.915795
	2.11E-11
	0.04877773
	0.948509355
	alanine:cation symporter family protein [Bacillus]

	gene_2276
	2.882756
	2.98E-05
	-0.494151865
	0.64553848
	phosphate ABC transporter permease subunit PstC [Bacillales]

	gene_2573
	2.877073
	1.29E-05
	-0.967276007
	0.413615698
	MFS transporter [Bacillus subtilis group]

	gene_3608
	2.738885
	1.5E-10
	-0.576811848
	0.477571822
	ABC transporter ATP-binding protein [Bacillus subtilis group]

	gene_828
	2.730287
	0.000964
	1.076273827
	0.338107385
	ABC transporter permease [Bacillus]

	gene_3501
	2.720998
	1.18E-05
	-0.187057033
	0.87369512
	CidB/LrgB family autolysis modulator [Bacillus]

	gene_528
	2.694181
	8.95E-07
	-0.364721492
	0.651322781
	MMPL family transporter [Bacillus subtilis group]

	gene_408
	2.67464
	0.000382
	-0.332519783
	0.794444614
	diguanylate cyclase [Bacillus subtilis group]

	gene_3570
	2.587792
	3.68E-07
	-0.05027508
	0.943586735
	citrate transporter [Bacillus subtilis group]

	gene_3572
	2.581965
	9.27E-08
	0.387968993
	0.471510026
	MFS transporter [Bacillus velezensis]

	gene_3550
	2.536455
	5.45E-08
	0.157592322
	0.795133502
	thiol reductant ABC exporter subunit CydD [Bacillus subtilis group]

	gene_2100
	2.516355
	3.08E-08
	-0.542145205
	0.435392558
	stage V sporulation protein AD [Bacillus]

	gene_946
	2.453565
	5.92E-15
	0.041459279
	0.92439556
	membrane protein [Bacillus subtilis group]

	gene_3107
	2.398218
	4.72E-07
	0.006020724
	0.993793423
	polysaccharide biosynthesis protein EpsC [Bacillus velezensis]

	gene_1035
	2.387118
	0.000426
	-1.379127334
	0.325118193
	MFS transporter [Bacillales]

	gene_791
	2.382057
	1.88E-12
	0.342666248
	0.299755229
	Major Facilitator Superfamily protein [Bacillus sp. 5B6]

	gene_1804
	2.270997
	0.014687
	-2.436205665
	0.130877471
	MFS transporter [Bacillus subtilis group]

	gene_1311
	2.264412
	7.43E-06
	0.49779195
	0.433695557
	Polysaccharide biosynthesis protein [Bacillus sp. 5B6]

	gene_3454
	2.204039
	2.98E-07
	0.40952131
	0.384239108
	spore coat protein [Bacillus subtilis group]

	gene_2721
	2.203084
	3.47E-05
	-0.843169207
	0.340523902
	ABC transporter permease [Bacillus subtilis group]

	gene_2595
	2.104514
	0.000286
	-1.42221373
	0.136071949
	sporulation protein [Bacteria]

	gene_3641
	2.045475
	0.008859
	0.84219994
	0.399012941
	RDD family protein [Bacillus velezensis]

	gene_1222
	2.015274
	1.2E-09
	-0.192757927
	0.625910131
	glycosyltransferase family 39 protein [Bacillus subtilis group]

	gene_1014
	2.001047
	6.68E-05
	0.51602972
	0.396103991
	amino acid transporter [Bacillus subtilis group]

	gene_2984
	1.983642
	7.79E-07
	-0.308303321
	0.564117771
	amino acid permease [Bacteria]

	gene_2078
	1.961505
	5.14E-07
	0.104197912
	0.875143543
	spore maturation protein SpmB [Bacillales]

	gene_679
	1.951703
	2.41E-09
	0.121107564
	0.796629844
	MFS transporter [Bacillus subtilis group]

	gene_1097
	1.923297
	0.003829
	0.971085708
	0.163769221
	DUF1360 domain-containing protein [Bacillus subtilis group]

	gene_3017
	1.863899
	0.000111
	-0.01479144
	0.984564713
	amino acid ABC transporter permease [Bacillus subtilis group]

	gene_1270
	1.847686
	8.54E-05
	0.174944551
	0.777683246
	membrane protein [Bacillus subtilis group]

	gene_3077
	1.794769
	1.49E-06
	0.314520215
	0.535613808
	DMT family transporter [Bacillus velezensis]

	gene_1295
	1.781774
	1.33E-05
	0.278027179
	0.597263747
	Chemotaxis protein MotA [Bacillus velezensis]

	gene_2764
	1.769404
	2.21E-05
	-1.08174355
	0.03157256
	HAMP domain-containing protein [Bacillus subtilis group]

	gene_1226
	1.763155
	0.000275
	0.002957235
	0.995761184
	MFS transporter [Bacillus subtilis group]

	gene_3041
	1.748298
	4.64E-07
	0.279056648
	0.451022204
	ABC transporter permease [Bacteria]

	gene_2692
	1.731153
	0.000173
	-0.223713196
	0.706285346
	MFS transporter [Bacillus subtilis group]

	gene_3549
	1.701523
	5.61E-07
	0.196240324
	0.545864114
	thiol reductant ABC exporter subunit CydC [Bacillus subtilis group]

	gene_346
	1.662569
	0.013315
	-0.056481778
	0.950885024
	Ger(x)C family spore germination protein [Bacillus subtilis group]

	gene_2191
	1.6546
	1.05E-05
	0.719500543
	0.089459191
	acyl-CoA dehydrogenase [Bacillus subtilis group]

	gene_1788
	1.644323
	0.000331
	0.244993986
	0.675242932
	acyl-CoA dehydrogenase [Bacillus subtilis group]

	gene_3015
	1.571011
	1.55E-06
	0.055811272
	0.917578676
	amino acid ABC transporter ATP-binding protein [Bacillus subtilis group]

	gene_3016
	1.55837
	0.002693
	-0.462683131
	0.50078898
	amino acid ABC transporter permease [Bacillus subtilis group]

	gene_680
	1.53351
	1.03E-05
	-0.009867048
	0.97972365
	amino acid permease [Bacillus subtilis group]

	gene_356
	1.530636
	1.54E-05
	0.301974198
	0.406119669
	ABC transporter permease [Bacillus subtilis group]

	gene_3315
	1.529207
	3.62E-07
	0.022349504
	0.963753677
	MFS transporter [Bacillus subtilis group]

	gene_1570
	1.508793
	1.83E-06
	0.357204433
	0.304756082
	MinD/ParA family protein [Bacillus subtilis group]

	gene_2416
	1.461266
	0.006245
	0.608329238
	0.275615901
	amino acid ABC transporter ATP-binding protein [Bacillus subtilis group]

	gene_2443
	1.401889
	0.000151
	0.181016726
	0.642403127
	stage V sporulation protein B [Bacteria]

	gene_3043
	1.395227
	5.5E-05
	0.546890174
	0.07827129
	ABC transporter permease [Bacteria]

	gene_2415
	1.386958
	0.011948
	0.082897868
	0.908780599
	AI-2E family transporter [Bacillus subtilis group]

	gene_822
	1.363294
	0.001085
	0.336368766
	0.391245069
	ABC transporter ATP-binding protein [Bacillus subtilis group]

	gene_3553
	1.356237
	0.017997
	-1.05868583
	0.000165188
	2-hydroxycarboxylate transporter family protein [Bacillus subtilis group]

	gene_1256
	1.338941
	3.07E-06
	0.101319999
	0.783857006
	thiamine permease [Bacteria]

	gene_316
	1.32283
	1.21E-06
	0.347798691
	0.225034752
	NarK/NasA family nitrate transporter [Bacillus]

	gene_2957
	1.316314
	0.000274
	0.947838138
	0.000233465
	spore germination protein [Bacillus subtilis group]

	gene_258
	1.277478
	0.00044
	-0.2579039
	0.367790745
	lincomycin resistance protein LmrB [Bacillus velezensis]

	gene_366
	1.264532
	1.38E-08
	-0.287981356
	0.154408024
	DHA2 family efflux MFS transporter permease subunit [Bacillus subtilis group]

	gene_2762
	1.230849
	0.010407
	0.254118937
	0.606084605
	HAMP domain-containing protein [Bacillus subtilis group]

	gene_3018
	1.195872
	0.009533
	-0.181039336
	0.729684546
	amino acid ABC transporter substrate-binding protein [Bacillus subtilis group]

	gene_3221
	1.183251
	2.58E-05
	0.583598132
	0.020002125
	O-antigen ligase domain-containing protein [Bacillus subtilis group]

	gene_410
	1.175793
	0.0049
	0.086281636
	0.874055009
	glycosyltransferase family 2 protein [Bacillus subtilis group]

	gene_2810
	1.172949
	3.35E-05
	1.136705838
	0.00922186
	Na+/H+ antiporter subunit G [Bacteria]

	gene_948
	1.137442
	1.5E-05
	-0.306915132
	0.191003504
	penicillin-binding protein [Bacillus subtilis group]

	gene_2273
	1.128239
	0.007221
	-0.554073847
	0.213111198
	phosphate ABC transporter ATP-binding protein [Bacillus subtilis group]

	gene_2587
	1.11926
	0.020336
	-0.503523512
	0.308730126
	sporulation integral membrane protein YtvI [Bacteria]

	gene_966
	1.107055
	0.000213
	0.023645577
	0.945713553
	iron-dicitrate ABC transporter substrate-binding protein [Bacillus subtilis group]

	gene_1569
	1.088386
	3.35E-05
	0.445971652
	0.028578771
	flagellar biosynthesis protein FlhF [Bacillus]

	gene_3241
	1.087314
	0.004545
	-0.127704234
	0.785199487
	spore germination protein [Bacillus subtilis group]

	gene_2809
	1.087053
	0.001368
	1.013913816
	0.000250205
	Na(+)/H(+) antiporter subunit F1 [Bacillus subtilis group]

	gene_2783
	1.081811
	3.58E-12
	1.462476453
	1.62424E-11
	DUF378 domain-containing protein [Bacteria]

	gene_407
	1.045283
	0.036255
	0.05541256
	0.938333098
	hypothetical protein [Bacillus subtilis group]

	gene_411
	1.038245
	0.000585
	-0.002072745
	0.995761184
	cellulose synthase subunit [Bacillus velezensis]

	gene_2468
	1.029716
	0.049128
	0.237521274
	0.695475078
	stage IV sporulation protein FB [Bacillus]

	gene_2383
	1.028173
	0.013384
	0.46821162
	0.304756082
	PTS mannose transporter subunit IIABC [Bacillus subtilis group]

	gene_823
	1.016667
	0.007991
	0.41304117
	0.266500538
	ABC transporter ATP-binding protein [Bacillus]




Table S6 Differential expression of oxidoreductase genes in strain C5 grown with PE or C22 relative to MSM

	Gene_ID
	PE_log2Fold Change
	PE_Padj
	C22_log2Fold Change
	C22_Padj
	Product

	gene_986
	3.178055
	9.44E-06
	0.0798104
	0.561498
	monooxygenase [Bacillus subtilis group]

	gene_3014
	1.9877
	2.94E-08
	0.0456264
	0.920287
	LLM class flavin-dependent oxidoreductase [Bacillus subtilis group]

	gene_3012
	1.841632
	2.95E-11
	0.58683
	0.017993
	LLM class flavin-dependent oxidoreductase [Bacteria]

	gene_3074
	1.344982
	8.27E-09
	0.2042191
	0.36485
	LLM class flavin-dependent oxidoreductase [Bacteria]

	gene_275
	1.142591
	2.36E-10
	0.7185713
	2.42E-06
	LLM class flavin-dependent oxidoreductase [Bacillus subtilis group]



Table S7 Mean FPKM of β-oxidation and TCA cycle genes in strain C5 grown with PE or C22, relative to MSM

	Name
	Gene ID
	FPKM_ave_C5
	FPKM_ave_C22
	FPKM_ave_PE

	FadD
	gene-1_969
	6.50 
	16.25 
	18.00 

	FadD
	gene-1_962
	276.95 
	922.64 
	222.30 

	FadD
	gene-1_2526
	576.74 
	1291.05 
	473.24 

	FadE
	gene-1_2191
	1.74 
	7.65 
	5.48 

	FadE
	gene-1_1788
	1.96 
	6.23 
	6.20 

	FadE
	gene-1_442
	47.05 
	167.11 
	69.68 

	FadE
	gene-1_2930
	250.39 
	989.33 
	173.45 

	FadH
	gene-1_1783
	6.33 
	19.44 
	19.84 

	FadH
	gene-1_925
	40.32 
	87.33 
	52.46 

	FadH
	gene-1_2524
	753.38 
	1876.92 
	452.88 

	FabB
	gene-1_2932
	406.69 
	1487.40 
	236.98 

	FadA
	gene-1_2193
	0.46 
	0.54 
	12.81 

	FadA
	gene-1_2931
	261.40 
	978.67 
	172.09 

	CS
	gene-1_2190
	2.90 
	9.92 
	7.20 

	CS
	gene-1_2583
	8763.55 
	23873.18 
	7787.74 

	CS
	gene-1_883
	51.06 
	91.41 
	31.75 

	ACO
	gene-1_1732
	1899.15 
	2829.79 
	1474.73 

	IDH
	gene-1_2582
	5007.37 
	11082.87 
	3942.15 

	sucA
	gene-1_1860
	814.26 
	1914.53 
	720.70 

	sucB
	gene-1_1859
	1348.06 
	2470.49 
	953.33 

	DLD
	gene-1_762
	714.47 
	1661.68 
	1468.62 

	DLD
	gene-1_1396
	610.43 
	1590.40 
	554.70 

	DLD
	gene-1_2182
	103.61 
	298.56 
	77.28 

	sucC
	gene-1_1538
	79.04 
	218.98 
	59.78 

	sucD
	gene-1_1539
	130.23 
	287.68 
	95.09 

	sdhA
	gene-1_2515
	924.02 
	1847.97 
	747.94 

	sdhB
	gene-1_2514
	820.72 
	1529.51 
	608.48 

	sdhC
	gene-1_2516
	236.43 
	978.71 
	249.20 

	fumC
	gene-1_2955
	120.32 
	348.49 
	124.70 

	fumC
	gene-1_2356
	8.39 
	17.86 
	3.94 

	mdh
	gene-1_2581
	6638.52 
	14648.79 
	5492.01 
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