Supplemental information


Table S1. Compositions of diets.
	Diet composition
	Low-Ca casein diet (D05031101M)
	High-calciumWPI diet

(D05031104M)
	High-calcium α-lactalbumin diet

(D07041804M)

	Casein (Alacid™ 714) (g)
	200
	0
	0

	Whey protein isolate (Alacen™ 895) (g)
	0
	186
	0

	α-lactalbumin (BioPURE-Alphalactalbumin™) (g)
	0
	0
	190.2

	Maldodextrin 10 (g)
	125
	125
	125

	Sucrose (g)
	71.2
	69.2
	69.4

	Cellulose (BW200) (g)
	50
	50
	50

	Soybean oil (g)
	25
	25
	25

	Lard (g)
	245
	245
	244.6

	CaCO3 (g)
	7.6
	34.3
	34.9

	Potassium phosphate (monobasic) (g)
	13
	19.4
	19.7

	Potassium citrate, 1H2O (g)
	6.2
	0
	1.3

	Energy (kJ/g dry weight)
	21.8
	21.4
	21.4

	Protein (% energy)
	18
	18
	18

	Carbohydrate (% energy)
	21
	21
	21

	Fat (% energy)
	61
	61
	61

	Ca (%)
	0.4
	1.8
	1.8

	P (%)
	0.6
	0.6
	0.6

	K (%)
	0.8
	0.8
	0.8


Table S2. Amino acid profile of proteins used in the study.

	Amino acids
	Casein

(Alacid™ 714) 
	Whey protein isolate (Alacen™ 895)
	α-lactalbumin (BioPURE-Alphalactalbumin™

	Essential amino acids (g amino acid per 100 g of protein)

	Isoleucine
	4.3
	7.3
	5.5

	Leucine
	9.0
	11.8
	9.8

	Lysine
	7.5
	10.4
	9.9

	Methionine
	2.9
	2.8
	0.9

	Phenylalanine
	4.8
	3.3
	3.7

	Threonine
	4.1
	7.9
	3.9

	Tryptophan
	1.2
	2.0
	4.4

	Valine
	5.3
	6.5
	3.9

	Non Essential amino acids (g amino acid per 100 g of protein)

	Histidine
	2.6
	1.8
	2.7

	Alanine
	2.9
	5.8
	1.8

	Arginine
	3.4
	2.6
	1.2

	Aspartic acid
	6.9
	11.8
	14.9

	Cystine/Cysteine
	0.7
	3.3
	4.4

	Glutamic acid
	21.7
	18.9
	11.5

	Glycine
	1.7
	1.8
	2.5

	Proline
	10.1
	6.8
	3.0

	Serine
	5.7
	5.3
	3.1

	Tyrosine
	5.2
	3.4
	4.0


Table S3. KEGG pathways for each cluster (A-R)
	Term
	Number of genes
	P-value
	Fold-enrichment

	A-cluster
	
	
	

	MAPK signaling pathway
	7
	0.085
	2.229

	Axon guidance
	5
	0.068
	3.171

	Regulation of actin cytoskeleton
	5
	0.229
	2.001

	Glycerophospholipid metabolism
	3
	0.185
	3.748

	Adherens junction
	3
	0.224
	3.298

	Small cell lung cancer
	3
	0.264
	2.945

	ErbB signaling pathway
	3
	0.278
	2.843

	Nicotinate and nicotinamide metabolism
	2
	0.241
	7.170

	T cell receptor signaling pathway
	3
	0.374
	2.269

	Regulation of autophagy
	2
	0.294
	5.687

	Neurotrophin signaling pathway
	3
	0.442
	1.979

	Insulin signaling pathway
	3
	0.478
	1.846

	mTOR signaling pathway
	2
	0.466
	3.171

	Amyotrophic lateral sclerosis (ALS)
	2
	0.485
	2.998

	B-cluster
	
	
	

	MAPK signaling pathway
	13
	0.009
	2.323

	Toll-like receptor signaling pathway
	7
	0.014
	3.483

	Neurotrophin signaling pathway
	8
	0.017
	2.962

	Tight junction
	8
	0.020
	2.870

	VEGF signaling pathway
	6
	0.020
	3.752

	Pathways in cancer
	12
	0.079
	1.730

	Insulin signaling pathway
	7
	0.066
	2.417

	Wnt signaling pathway
	7
	0.094
	2.204

	Oocyte meiosis
	6
	0.080
	2.571

	Pancreatic cancer
	5
	0.067
	3.214

	Chronic myeloid leukemia
	5
	0.076
	3.085

	Fc epsilon RI signaling pathway
	5
	0.088
	2.929

	Apoptosis
	5
	0.108
	2.722

	Progesterone-mediated oocyte maturation
	5
	0.108
	2.722

	mTOR signaling pathway
	4
	0.099
	3.560

	C-cluster
	
	
	

	Melanoma
	2
	0.173
	9.827

	Prostate cancer
	2
	0.212
	7.839

	Alzheimer's disease
	2
	0.343
	4.472

	Regulation of actin cytoskeleton
	2
	0.428
	3.387

	D-cluster
	
	
	

	Ubiquitin mediated proteolysis
	7
	0.015
	3.410

	Cell cycle
	6
	0.038
	3.160

	Dilated cardiomyopathy
	5
	0.047
	3.599

	Insulin signaling pathway
	5
	0.146
	2.417

	Hypertrophic cardiomyopathy (HCM)
	4
	0.128
	3.160

	Progesterone-mediated oocyte maturation
	4
	0.139
	3.049

	Purine metabolism
	5
	0.190
	2.174

	GnRH signaling pathway
	4
	0.168
	2.786

	ABC transporters
	3
	0.144
	4.417

	Oocyte meiosis
	4
	0.226
	2.399

	MAPK signaling pathway
	6
	0.359
	1.501

	mTOR signaling pathway
	3
	0.187
	3.738

	Spliceosome
	4
	0.271
	2.178

	RIG-I-like receptor signaling pathway
	3
	0.237
	3.186

	p53 signaling pathway
	3
	0.266
	2.945


Table S3. 
	Term
	Number of genes
	P-Value
	Fold Enrichment

	E-cluster
	
	
	

	Pathways in cancer
	12
	0.031
	2.018

	Citrate cycle (TCA cycle)
	4
	0.015
	7.447

	Focal adhesion
	8
	0.062
	2.238

	Regulation of actin cytoskeleton
	8
	0.081
	2.097

	Fc gamma R-mediated phagocytosis
	5
	0.087
	2.934

	Biosynthesis of unsaturated fatty acids
	3
	0.070
	6.749

	MAPK signaling pathway
	8
	0.194
	1.668

	Lysosome
	5
	0.158
	2.347

	Alanine. aspartate and glutamate metabolism
	3
	0.104
	5.399

	PPAR signaling pathway
	4
	0.140
	3.042

	Vascular smooth muscle contraction
	4
	0.322
	1.981

	mTOR signaling pathway
	3
	0.246
	3.115

	Parkinson's disease
	4
	0.332
	1.946

	Oxidative phosphorylation
	4
	0.352
	1.878

	Glycolysis / Gluconeogenesis
	3
	0.267
	2.945

	F-cluster
	
	
	

	Cell cycle
	9
	0.004
	3.386

	Colorectal cancer
	7
	0.009
	3.811

	Chronic myeloid leukemia
	6
	0.021
	3.702

	mTOR signaling pathway
	5
	0.024
	4.450

	Endocytosis
	9
	0.044
	2.239

	RNA degradation
	5
	0.035
	3.989

	Circadian rhythm
	3
	0.030
	10.679

	SNARE interactions in vesicular transport
	4
	0.041
	5.142

	Pancreatic cancer
	5
	0.067
	3.214

	Nucleotide excision repair
	4
	0.063
	4.305

	Spliceosome
	6
	0.110
	2.333

	ErbB signaling pathway
	5
	0.115
	2.660

	Pathways in cancer
	10
	0.246
	1.442

	Ubiquitin mediated proteolysis
	6
	0.155
	2.088

	Selenoamino acid metabolism
	3
	0.086
	6.036

	G-cluster
	
	
	

	Systemic lupus erythematosus
	2
	0.266
	6.212

	TGF-beta signaling pathway
	2
	0.296
	5.464

	Ribosome
	2
	0.299
	5.399

	Spliceosome
	2
	0.397
	3.811

	Ubiquitin mediated proteolysis
	2
	0.433
	3.410

	Wnt signaling pathway
	2
	0.466
	3.085

	H-cluster
	
	
	

	Spliceosome
	6
	0.004
	5.318

	Renal cell carcinoma
	4
	0.026
	6.027

	Ubiquitin mediated proteolysis
	5
	0.033
	3.965

	Wnt signaling pathway
	5
	0.046
	2.687

	MAPK signaling pathway
	6
	0.089
	2.443

	Pathways in cancer
	6
	0.173
	1.971

	Arrhythmogenic right ventricular cardiomyopathy (ARVC)
	3
	0.146
	4.334

	Adherens junction
	3
	0.153
	4.219

	Circadian rhythm
	2
	0.114
	16.225

	Gap junction
	3
	0.175
	3.858

	Colorectal cancer
	3
	0.185
	3.722

	Focal adhesion
	4
	0.264
	2.186

	Prostate cancer
	3
	0.199
	3.555

	Tight junction
	3
	0.337
	2.453

	Axon guidance
	3
	0.340
	2.434


Table S3. 

	Term
	Number of genes
	P-Value
	Fold Enrichment

	I-cluster
	
	
	

	Wnt signaling pathway
	8
	0.014
	3.147

	Prostate cancer
	6
	0.020
	3.774

	Viral myocarditis
	5
	0.037
	3.888

	Endometrial cancer
	4
	0.063
	4.307

	GnRH signaling pathway
	5
	0.081
	3.010

	Systemic lupus erythematosus
	4
	0.137
	3.068

	Neurotrophin signaling pathway
	5
	0.178
	2.240

	Adherens junction
	4
	0.145
	2.986

	Ubiquitin mediated proteolysis
	5
	0.207
	2.105

	Pathways in cancer
	8
	0.337
	1.395

	Jak-STAT signaling pathway
	5
	0.225
	2.029

	Colorectal cancer
	4
	0.189
	2.635

	ErbB signaling pathway
	4
	0.198
	2.574

	Melanogenesis
	4
	0.244
	2.309

	Proteasome
	3
	0.188
	3.733

	J-cluster
	
	
	

	Proteasome
	6
	0.000
	10.425

	Spliceosome
	6
	0.016
	3.942

	Insulin signaling pathway
	5
	0.087
	2.918

	Ribosome
	4
	0.088
	3.723

	Endocytosis
	5
	0.205
	2.102

	Methane metabolism
	2
	0.085
	22.340

	mTOR signaling pathway
	3
	0.138
	4.511

	Keratan sulfate biosynthesis
	2
	0.173
	10.425

	Glycosphingolipid biosynthesis
	2
	0.173
	10.425

	Apoptosis
	3
	0.290
	2.760

	Melanogenesis
	3
	0.346
	2.418

	Glycosaminoglycan degradation
	2
	0.243
	7.108

	Biosynthesis of unsaturated fatty acids
	2
	0.262
	6.516

	Nucleotide excision repair
	2
	0.421
	3.637

	K-cluster
	
	
	

	Spliceosome
	8
	0.002
	4.483

	SNARE interactions in vesicular transport
	3
	0.098
	5.558

	Prostate cancer
	4
	0.144
	2.997

	Long-term potentiation
	3
	0.255
	3.031

	Ribosome
	3
	0.354
	2.382

	Pyrimidine metabolism
	3
	0.396
	2.175

	DNA replication
	2
	0.407
	3.811

	Prion diseases
	2
	0.407
	3.811

	Bladder cancer
	2
	0.458
	3.253

	Nucleotide excision repair
	2
	0.474
	3.102

	Notch signaling pathway
	2
	0.482
	3.031

	L-cluster
	
	
	

	Cell cycle
	5
	0.140
	2.458

	Ubiquitin mediated proteolysis
	5
	0.171
	2.273

	MAPK signaling pathway
	7
	0.246
	1.634

	DNA replication
	3
	0.111
	5.183

	Regulation of actin cytoskeleton
	6
	0.245
	1.761

	Wnt signaling pathway
	5
	0.218
	2.057

	Purine metabolism
	5
	0.225
	2.029

	Pathways in cancer
	7
	0.427
	1.319

	Focal adhesion
	5
	0.387
	1.566

	Neurotrophin signaling pathway
	4
	0.334
	1.935

	TGF-beta signaling pathway
	3
	0.394
	2.186

	Pyrimidine metabolism
	3
	0.446
	1.972

	RNA polymerase
	2
	0.359
	4.479


Table S3. 
	Term
	Number of genes
	P-Value
	Fold Enrichment

	M-cluster
	
	
	

	Glycosylphosphatidylinositol(GPI)-anchor biosynthesis
	2
	0.129
	13.997

	Huntington's disease
	3
	0.244
	3.054

	DNA replication
	2
	0.183
	9.598

	Focal adhesion
	3
	0.304
	2.611

	Proteasome
	2
	0.229
	7.465

	MAPK signaling pathway
	3
	0.442
	1.946

	Glioma
	2
	0.302
	5.418

	Glycerophospholipid metabolism
	2
	0.318
	5.090

	Renal cell carcinoma
	2
	0.333
	4.799

	Melanoma
	2
	0.337
	4.731

	Hematopoietic cell lineage
	2
	0.375
	4.147

	Small cell lung cancer
	2
	0.386
	3.999

	Ribosome
	2
	0.386
	3.999

	Prostate cancer
	2
	0.404
	3.774

	Fc gamma R-mediated phagocytosis
	2
	0.414
	3.651

	N-cluster
	
	
	

	Oxidative phosphorylation
	23
	0.000
	8.321

	Parkinson's disease
	20
	0.000
	7.496

	Alzheimer's disease
	21
	0.000
	5.601

	Huntington's disease
	21
	0.000
	5.295

	Cardiac muscle contraction
	6
	0.026
	3.516

	Glycerophospholipid metabolism
	5
	0.071
	3.152

	Endocytosis
	8
	0.153
	1.789

	MAPK signaling pathway
	9
	0.274
	1.446

	Insulin signaling pathway
	6
	0.214
	1.863

	Biosynthesis of unsaturated fatty acids
	3
	0.111
	5.201

	Long-term potentiation
	4
	0.207
	2.522

	Long-term depression
	4
	0.220
	2.447

	PPAR signaling pathway
	4
	0.239
	2.344

	VEGF signaling pathway
	4
	0.258
	2.249

	Ether lipid metabolism
	3
	0.194
	3.671

	O-cluster
	
	
	

	Neurotrophin signaling pathway
	5
	0.013
	5.183

	Fc gamma R-mediated phagocytosis
	4
	0.031
	5.634

	Oocyte meiosis
	4
	0.046
	4.799

	Vascular smooth muscle contraction
	4
	0.047
	4.755

	Glioma
	3
	0.078
	6.270

	Long-term potentiation
	3
	0.087
	5.890

	Endocytosis
	4
	0.161
	2.786

	Regulation of actin cytoskeleton
	4
	0.199
	2.516

	GnRH signaling pathway
	3
	0.153
	4.180

	Melanogenesis
	3
	0.164
	4.007

	Natural killer cell mediated cytotoxicity
	3
	0.216
	3.351

	Spliceosome
	3
	0.224
	3.267

	Axon guidance
	3
	0.255
	2.990

	SNARE interactions in vesicular transport
	2
	0.238
	7.198

	Calcium signaling pathway
	3
	0.369
	2.273


Table S3. 

	Term
	Number of genes
	P-Value
	Fold Enrichment

	P-cluster
	
	
	

	Alzheimer's disease
	6
	0.072
	2.643

	Parkinson's disease
	5
	0.074
	3.095

	Oxidative phosphorylation
	5
	0.082
	2.987

	TGF-beta signaling pathway
	4
	0.115
	3.311

	Huntington's disease
	5
	0.210
	2.082

	Valine. leucine and isoleucine degradation
	3
	0.131
	4.685

	Vascular smooth muscle contraction
	4
	0.205
	2.522

	Thiamine metabolism
	2
	0.109
	17.178

	Leukocyte transendothelial migration
	4
	0.227
	2.390

	Spliceosome
	4
	0.243
	2.310

	Cell adhesion molecules (CAMs)
	4
	0.293
	2.082

	Long-term potentiation
	3
	0.244
	3.123

	Adherens junction
	3
	0.292
	2.748

	Chronic myeloid leukemia
	3
	0.292
	2.748

	Riboflavin metabolism
	2
	0.195
	9.162

	Q-cluster
	
	
	

	none enriched
	-
	-
	-

	R-cluster
	
	
	

	Huntington's disease
	7
	0.013
	3.498

	Parkinson's disease
	5
	0.042
	3.714

	Oxidative phosphorylation
	5
	0.047
	3.585

	Focal adhesion
	6
	0.078
	2.563

	Small cell lung cancer
	4
	0.077
	3.926

	Alzheimer's disease
	5
	0.114
	2.643

	T cell receptor signaling pathway
	4
	0.139
	3.026

	B cell receptor signaling pathway
	3
	0.229
	3.255

	ECM-receptor interaction
	3
	0.242
	3.131

	Toll-like receptor signaling pathway
	3
	0.304
	2.660

	Nicotinate and nicotinamide metabolism
	2
	0.241
	7.170

	Porphyrin and chlorophyll metabolism
	2
	0.303
	5.497

	Base excision repair
	2
	0.319
	5.153

	SNARE interactions in vesicular transport
	2
	0.351
	4.581

	Fructose and mannose metabolism
	2
	0.359
	4.457


Table S4. The sequences of qRT-PCR primers used in the study.
	Gene symbol
	Accession number
	Forward primer (5`→3`)
	Reverse primer(5`→3`)

	Aldh1a7
	NM_011921               
	GTGTGGAGCGGGCTAAGA
	TGTTCCCCCAGCGACC

	Fasn
	NM_007988               
	AATCCGCACCGGCTAC
	ATTACCACGCCCGCAG

	Leptin
	NM_008493               
	AGACCGGGCAAGAGTG
	GCCATAGTGCAAGGTT

	Nr4a3
	NM_015743               
	CGCCACCCAATAGGAGC
	ATCGGTTTCGGCGTCT

	Scd1

18S
	NM_009127

X01117               
	CCTCCCCCAGTATCCG

ACATCCAAGGAAGGCAGCAG
	CTCCGACACACACCGAG

TTTTCGTCACTACCTCCCCG


Table S5. Enriched gene ontology (GO) terms for genes up- or down-regulated more than 2.0-fold in high-fat fed obese C57Bl/6J mice in comparison with lean mice. 

	GO term
	Count
	%
	P-value

	GO-terms for up-regulated genes:

Biological process 

Fatty acid metabolic process

Monocarboxylic acid metabolic process 

Cellular lipid metabolic process

Lipid metabolic process

Localization
	9 (↑)

10 (↑)

15 (↑)

16 (↑)

37 (↑)
	6.3

7.0

10.5

11.2

25.9
	5.7E-5

1.1E-4

1.7E-4

2.3E-4

4.8E-3

	Molecular function

Oxidoreductase activity
	15 (↑)
	10.5
	1.4E-2

	GO terms for down-regulated genes:

Biological process

Positive regulation of biological process

Development process

Positive regulation of cellular process

Phosphate metabolic process
	11 (↓)

21 (↓)

10 (↓)

9 (↓)
	13.9

26.6

12.7

11.4
	8.1E-3

9.0E-3

1.1E-2

2.1E-2

	Molecular function

Protein kinase activity

Protein binding
	8 (↓)

33 (↓)
	10.1

41.8
	1.3E-2

2.2E-2


GO term annotations were assigned and statistically evaluated using David 2.1. The count indicates the number of genes from the input of the 159 up-regulated and 112 down-regulated genes. The five most significant categories where the count number was >5 are shown in table. Terms are listed in decreasing order of significance (P-value).

