Table S1 Parameters of pseudo-first-order and pseudo-second-order kinetic models for biosorption by A. niger FH1 and Y. lipolytica W29

	System
	Pseudo-First-Order Kinetics
	
	Pseudo-Second-Order Kinetics

	
	qe
	K1
	R2
	
	qe
	K2
	R2

	Y. lipolytica W29
	61.2619
	0.0363
	0.9776
	
	64.9827
	0.0068
	0.9923




Table S2 Isotherm parameters for biosorption by A. niger FH1 and Y. lipolytica W29

	System
	Langmuir
	
	Freundlich

	
	qe
	KL
	RL2
	
	n
	KF
	RF2

	Y. lipolytica W29
	120.4813
	0.0206
	0.9924
	
	1.6366
	5.8382
	0.9869
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Table S 3 DEGs related to energy metabolism under La(III)/Ce(III) stress
	
	KEGG Pathway
	Gene ID
	Description
	log2（Fold Change）

	La(Ⅲ)
	Citrate cycle (TCA cycle)
(ko00020)
	YALI1_E20192g
	2-oxoglutarate dehydrogenase component
	-1.71

	
	
	YALI1_D32268g
	Citrate synthase
	-1.04

	
	
	YALI1_F06197g
	Isocitrate dehydrogenase
	-1.87

	
	
	YALI1_D26360g
	dihydrolipoamide dehydrogenase
	-1.28

	
	
	YALI1_C09033g
	Fumarate hydratase
	-2.61

	
	
	YALI1_E17214g
	Malate dehydrogenase
	-1.08

	
	
	YALI1_E41315g
	ATP citrate lyase subunit 1
	-1.17

	
	
	YALI1_C24367g
	phosphoenolpyruvate carboxykinase
	-3.11

	
	Glycolysis /Gluconeogenesis
(ko00010)
	YALI1_D15424g
	Phosphoglycerate kinase
	-2.07

	
	
	YALI1_B04138g
	Phosphoglycerate mutase
	-1.66

	
	
	YALI1_E30886g
	Fructose-bisphosphate aldolase 1
	-1.32

	
	
	YALI1_D20222g
	6-phosphofructokinase1
	-1.68

	
	
	YALI1_D26360g
	Dihydrolipoyl dehydrogenase
	-1.28

	
	
	YALI1_F11049g
	Glucose-6-phosphate isomerase
	-1.46

	
	
	YALI1_D12832g
	Pyruvate decarboxylase isozyme 3
	-3.53

	
	
	YALI1_C08262g
	Glyceraldehyde-3-phosphate dehydrogenase
	-1.41

	
	
	YALI1_F08845g
	Acetyl-CoA synthetase
	-1.92

	
	YALI1_C24367g
	Phosphoenolpyruvate carboxykinase
	-3.11

	
	YALI1_E00588g
	Aldehyde dehydrogenase family 3 member B1
	-2.66

	
	YALI1_F07847g
	Triosephosphate isomerase
	-1.24



	Ce(Ⅲ)
	Glycolysis /Gluconeogenesis
（ko00010）
	YALI1_D33961g
	Alcohol dehydrogenase 1
	-1.51

	
	
	YALI1_A16292g
	Alcohol dehydrogenase 3
	-1.97






Table S4 DEGs associated with the peroxisome pathway under La(III) stress

	KEGG Pathway
	Gene ID
	Description
	log2（Fold Change）

	Peroxisome Pathway
(ko04146)
	YALI1_E14988g
	Superoxide dismutase
	1.09

	
	YALI1_F11635g
	NADH pyrophosphatase
	1.04

	
	YALI1_F38629g
	Catalase
	1.42

	
	YALI1_D35190g
	Peroxin-12
	1.04

	
	YALI1_B00448g
	Uncharacterized protein
	1.69

	
	YALI1_E38912g
	Acyl-coenzyme A oxidase
	3.83

	
	YALI1_A07290g
	Dienoyl-CoA isomerase
	1.01

	
	YALI1_E11587g
	Peroxisomal membrane protein
	1.21

	
	YALI1_D00173g
	Sterol carrier protein
	3.11

	
	YALI1_A01842g
	Uncharacterized protein
	4.29

	
	YALI1_D15848g
	Hydroxyacid oxidase
	1.35

	
	YALI1_C32823g
	Mitochondrial inner membrane protein MPV17
	1.65
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Table S5 DEGs involved in amino acid metabolism under La(III)/Ce(III) stress
	
	KEGG Pathway
	Gene ID
	Description
	log2（Fold Change）

	La(Ⅲ)
	[bookmark: _Hlk197002908]Arginine and proline metabolism
（ko00330）
	YALI1_B03198g
	AAT2 aspartate aminotransferase
	-1.94

	
	
	YALI1_B12993g
	1-pyrroline-5-carboxylate dehydrogenase
	-2.57

	
	
	YALI1_B30275g
	Polyamine oxidase
	-1.33

	
	
	YALI1_E00588g
	Aldehyde dehydrogenase
	-2.66

	
	
	YALI1_B12966g
	[bookmark: _Hlk197005112]Proline dehydrogenase
	-1.08

	
	
	YALI1_C05908g
	[bookmark: _Hlk197005209]Ornithine aminotransferase
	-1.46

	
	
	YALI1_E20192g
	Dihydrolipoyl dehydrogenase
	-1.71

	
	
	YALI1_E40671g
	Peroxisomal catalase
	-4.41

	
	
	YALI1_D26360g
	Dihydrolipoyl dehydrogenase
	-1.28

	
	
	YALI1_E41251g
	Peroxisomal catalase
	-2.67

	
	
	YALI1_E00588g
	Aldehyde dehydrogenase
	-2.66

	Ce(Ⅲ)
	Tyrosine metabolism
（ko00350）
	YALI1_F33681g
	UGA2 succinate semialdehyde dehydrogenase
	-1.05

	
	
	YALI1_D33961g
	Alcohol dehydrogenase1
	-1.51

	
	
	YALI1_A16292g
	Alcohol dehydrogenase 3
	-1.97

	
	Alanine, aspartate and glutamate metabolism
（ko00250）
	YALI1_F33681g
	UGA2 succinate semialdehyde dehydrogenase
	-1.05

	
	
	YALI1_E21915g
	UGA1 4-aminobutyrate aminotransferase
	-1.03











[bookmark: _Hlk197441141]Table S6 DEGs associated with La(III)/Ce(III) efflux

	
	KEGG Pathway
	Gene ID
	Description
	log2（Fold Change）

	La(Ⅲ)
	SNARE interactions in vesicular transport
(ko04130)
	YALI1_B14441g
	Syntaxin 1
	1.79

	
	
	YALI1_D34232g
	Syntaxin 1
	2.73

	
	
	YALI1_A03487g
	Vesicle associated membrane protein 4
	2.28

	
	
	YALI1_E21203g
	Syntaxin 8
	1.06

	
	
	YALI1_E00963g
	Vesicle associated membrane protein 4
	1.49

	
	ABC transporters
(ko02010)
	YALI1_F26793g
	ABC transporter ABCB1
	4.22

	
	
	YALI1_B16022g
	ABC transporter ABCB1
	2.31

	
	
	YALI1_A11439g
	ABC transporter ABCB1
	4.29

	Ce(Ⅲ)
	ABC transporters
(ko02010)
	YALI1_F26793g
	ABC transporter ABCB1
	3.32




[bookmark: _Hlk197441154]Table S7 DEGs linked to dimorphic transition under La(III)/Ce(III) stress
	
	KEGG Pathway
	Gene ID
	Description
	log2（Fold Change）

	La(Ⅲ)
	MAPK signaling pathway
(ko04010)
	YALI1_E41647g
	Heat shock protein
	1.95

	
	
	YALI1_D10458g
	Heat shock protein
	1.96

	
	
	YALI1_E00115g
	Heat shock protein
	2.01

	
	
	YALI1_D36255g
	Heat shock protein
	1.90

	
	
	YALI1_A22539g
	Heat shock protein
	1.84

	
	
	YALI1_E27697g
	Mitogen-activated protein kinase Fus3
	1.28

	Ce(Ⅲ)
	MAPK signaling pathway
(ko04010)
	YALI1_F20378g
	Transcriptional enhancer factor
	1.55

	
	
	YALI1_F02697g
	Mitosis inhibitor protein kinase
	1.03

	
	
	YALI1_F22241g
	Spa 2 Protein
	1.15






[bookmark: _Hlk197441243]Table S8 KEGG enrichment analysis of DMGs under La(III)/Ce(III) stress
	
	KEGG Pathway
	Pathyway ID
	Gene numbers

	La(Ⅲ)
	Autophagy
	ko04136
	6

	
	MAPK signaling pathway
	ko04013
	3

	
	Biotin metabolism
	ko00780
	3

	
	Longevity regulating pathway
	ko04211
	4

	
	Glyoxylate and dicarboxylate metabolism
	ko00630
	2

	Ce(Ⅲ)
	Citrate cycle (TCA cycle)
	ko00020
	4

	
	Apoptosis
	ko04210
	2

	
	Cysteine and methionine metabolism
	ko00270
	2

	
	Pyruvate metabolism
	ko00620
	3

	
	Endocytosis
	ko04144
	2

	
	Protein export
	ko03060
	2
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	Gene ID
	DMR location
	Annotation
	Methylation level
	Gene expression level

	La(Ⅲ)
	YALI1_B05295g
	gene upstream
	Methionine sulfoxide reductase
	↓
	↑

	
	YALI1_A03029g
	gene upstream
	Uncharacterized protein
	↓
	↑

	
	YALI1_D17564g
	gene upstream
	Uncharacterized protein
	↑
	↓

	
	YALI1_D17543g
	gene upstream
	Uncharacterized protein
	↑
	↓

	
	YALI1_D17524g
	gene upstream
	Uncharacterized protein
	↓
	↑

	
	YALI1_F10224g
	gene upstream
	Keto reductase family proteins
	↓
	↑

	
	YALI1_F10270g
	gene upstream
	Amino acid transporters
	↓
	↑

	
	YALI1_F11481g
	gene upstream
	Mitochondrial inner membrane protease
	↓
	↑

	
	YALI1_F10253g
	gene body
	Amino acid transporters
	↑
	↑

	
	YALI1_D22538g
	gene body
	Uncharacterized protein
	↑
	↑

	Ce(Ⅲ)
	YALI1_C09072g
	gene body
	1,4-alpha-glucan-branching enzyme
	↑
	↑

	[bookmark: _Hlk193291431]
	YALI1_C09033g
	gene upstream
	Fumarate hydratase
	↓
	↑

	
	YALI1_A07171g
	gene upstream
	Uncharacterized protein
	↓
	↑

	
	YALI1_A07161g
	gene upstream
	Uncharacterized protein
	↓
	↑


[bookmark: _Hlk197459291]Table S9 Genes exhibiting DNA methylation-gene expression correlation

Note: “↑” indicates hypermethylation (increased methylation level)/upregulated expression of the gene under La(III)/Ce(III) stress, “↓” denotes hypomethylation (decreased methylation level)/downregulated expression of the gene under La(III)/Ce(III) stress.


