Supplementary materials and methods

Mitochondrial Membrane Potential Assay

The mitochondrial transmembrane potential of cells was detected by using MitoProbe JC-1 assay kit for flow cytometry (M34152, Molecular Probes) after 24 h incubation. Cells were resuspened in 1 ml media containing of JC-1 dye (2 μM), and incubated at 37°C, 5% CO2 for 30 min. After washing with phosphate-buffered saline, the samples were analyzed by using flow cytometry. The membrane potential disruptor, carbonyl cyanide 3-chlorophenylhydrazone (CCCP; supplied with the kit, 50 μM final concentration), was used as a positive control.
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Figure S1. Quantification of EM image analysis. Mitochondria area was quantified using Image J software with 50 individual mitochondria per group from EM images. Results presented are the mean ± SEM of three independent experiments. *p < 0.05 versus control cells.
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Figure S2. Effect of nanoZnO on the mitochondrial membrane potential of BEAS-2B cells. Cells were treated with nanoZnO for 24 h, stained with JC-1 and analyzed by flow cytometry. (A) The scatter plot of the flow cytometry analysis showed the distribution of JC-1 aggregates and JC-1 monomer in the mitochondrial membrane and cytoplasm, respectively. (B) The bar graph showed the percentages (%) of JC-1 monomer-positive cells. The results were the mean ± SEM of three independent experiments. *p < 0.05 versus the control. [JC-1, 5’,6,6’-tetrachloro-1,1’,3,3’-tetraethylbenzimidazolylcarbocyanine iodide; CCCP, carbonyl cyanide 3-chlorophenylhydrazone]
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Figure S3. Treatment with the endoplasmic reticulum (ER) stress inhibitor (TUDCA) affected the autophagy induced by nanoPS. (A) An increase in LC3 puncta was detected, by immunofluorescence in BEAS-2B cells after treatment with nanoPS for 24 h. (a) control; (b) TUDCA; (c) nanoPS; (d) nanoPS + TUDCA.  (B) Measurement of LC3 puncta/cell in the absence and presence of TUDCA. The quantification of the intracellular ROS was calculated using Image J software analysis. It was based on the intensity per cell, with three independent experiments. The results were the mean ± SEM. *p < 0.05 versus the control.
Table S1. Optimized multiple reaction monitoring (MRM) conditions for the 27 targeted metabolites. 

	Metabolite
	Platform
	R.T. (min)
	Transition ion

(m/z)
	Fragmentor

voltage (V)
	CE

(eV)
	Internal standard
	Calibration curve

	Amino acids
	
	
	
	
	
	
	

	Alanine
	LC-MS/MS, HILIC, pos
	12.16
	90.1 -> 44.0
	70
	10
	13C3, 15N-Alanine
	Alanine

	Arginine
	LC-MS/MS, HILIC, pos
	15.51
	175.1 -> 70.0
	90
	18
	13C6, 15N4-Arginine
	Arginine

	
	
	
	175.1 -> 60.0
	
	
	
	

	Asparagine
	LC-MS/MS, HILIC, pos
	13.99
	133.1 -> 74.0
	70
	14
	13C4, 15N2-Asparagine
	Asparagine

	
	
	
	133.1 -> 87.1
	
	
	
	

	Aspartic acid
	LC-MS/MS, HILIC, pos
	15.35
	134.0 -> 74.0
	90
	10
	13C4, 15N-Aspartic acid
	Aspartic acid

	Glutamic acid
	LC-MS/MS, HILIC, pos
	14.71
	148.1 -> 84.0
	90
	17
	13C5, 15N-Glutamic acid
	Glutamic acid

	Glutamine
	LC-MS/MS, HILIC, pos
	13.72
	147.1 -> 84.0
	70
	16
	13C5, 15N2-Glutamine
	Glutamine

	Glycine
	LC-MS/MS, HILIC, pos
	13.01
	76.0 -> 30.0
	70
	8
	13C2, 15N-Glycine
	Glycine

	Histidine
	LC-MS/MS, HILIC, pos
	15.11
	156.1 -> 110.0
	90
	15
	13C6, 15N3-Histidine
	Histidine

	Isoleucine
	LC-MS/MS, HILIC, pos
	9.59
	132.1 -> 86.1
	70
	12
	13C6, 15N-Isoleucine
	Isoleucine

	
	
	
	132.1 -> 69.0
	
	
	
	

	Leucine
	LC-MS/MS, HILIC, pos
	9.10
	132.1 -> 86.1
	70
	12
	13C6, 15N-Leucine
	Leucine

	
	
	
	132.1 -> 69.0
	
	
	
	

	Lysine
	LC-MS/MS, HILIC, pos
	15.66
	147.1 -> 84.0
	90
	12
	13C6, 15N2-Lysine
	Lysine

	Methionine
	LC-MS/MS, HILIC, pos
	10.44
	150.1 -> 56.0
	70
	12
	13C5, 15N-Methionine
	Methionine

	
	
	
	150.1 -> 104.0
	
	
	
	

	Phenylalanine
	LC-MS/MS, HILIC, pos
	8.70
	166.1 -> 120.1
	90
	10
	13C9, 15N-Phenylalanine
	Phenylalanine

	Proline
	LC-MS/MS, HILIC, pos
	11.32
	116.1 -> 70.0
	70
	12
	13C5, 15N-Proline
	Proline

	Serine
	LC-MS/MS, HILIC, pos
	13.80
	106.1 -> 60.0
	70
	8
	13C3, 15N-Serine
	Serine

	Threonine
	LC-MS/MS, HILIC, pos
	12.64
	120.1 -> 56.0
	70
	15
	13C4, 15N-Threonine
	Threonine

	
	
	
	120.1 -> 74.0
	
	
	
	

	Tryptophan
	LC-MS/MS, HILIC, pos
	8.75
	205.1 -> 146.0
	70
	18
	13C11, 15N2-Tryptophan
	Tryptophan

	
	
	
	205.1 -> 118.1
	
	
	
	

	Tyrosine
	LC-MS/MS, HILIC, pos
	11.25
	182.1 -> 136.0
	90
	10
	13C9, 15N-Tyrosine
	Tyrosine

	
	
	
	182.1 -> 123.0
	
	
	
	

	Valine
	LC-MS/MS, HILIC, pos
	11.32
	118.1 -> 72.1
	70
	10
	13C5, 15N-Valine
	Valine

	
	
	
	118.1 -> 55.0
	
	
	
	

	Monosaccharides
	
	
	
	
	
	
	

	Glucose
	GC-MS/MS, pos
	12.70
	307.0 -> 217.0
	-
	4
	U-13C6-Glucose
	Glucose

	Organic acids
	
	
	
	
	
	
	

	Citric acid
	LC-MS/MS, RP, neg
	6.63
	596.0 -> 401.0
	135
	12
	13C6-3NPH derivatized citrate
	3NPH derivatized citrate

	
	
	
	596.0 -> 222.0
	
	
	
	

	Lactic acid
	LC-MS/MS, RP, neg
	2.92
	224.0 -> 137.0
	90
	14
	13C6-3NPH derivatized lactate
	3NPH derivatized lactate

	
	
	
	224.0 -> 152.0
	
	
	
	

	Fumaric acid
	LC-MS/MS, RP, neg
	6.18
	385.0 -> 232.0
	135
	18
	13C6-3NPH derivatized fumarate
	3NPH derivatized fumarate

	
	
	
	385.0 -> 137.0
	
	
	
	

	Malic acid
	LC-MS/MS, RP, neg
	5.75
	403.0 -> 208.0
	135
	14
	13C6-3NPH derivatized malic acid
	3NPH derivatized malic acid

	
	
	
	403.0 -> 137.0
	
	
	
	

	Pyruvic acid
	LC-MS/MS, RP, neg
	7.34
	357.0 -> 150.0
	135
	21
	13C6-3NPH derivatized pyruvate
	3NPH derivatized pyruvate

	
	
	
	357.0 -> 137.0
	
	
	
	

	Succinic acid
	LC-MS/MS, RP, neg
	5.92
	387.0 -> 234.0
	135
	18
	13C6-3NPH derivatized succinic acid
	3NPH derivatized succinic acid

	
	
	
	387.0 -> 143.0
	
	
	
	

	α-Ketoglutaric acid
	LC-MS/MS, RP, neg
	8.01
	550.0 -> 233.0
	135
	25
	13C6-3NPH derivatized α-ketoglutarate
	3NPH derivatized α-ketoglutarate

	
	
	
	550.0 -> 137.0
	
	
	
	


-  Not applicable
Table S2. Metabolomics quantitative data of influence of NPs on BEAS-2B cells by ANOVA analysis. Data were presented as the mean ± standard error of mean (SEM) for six replicates. The p value on treated cells was carried out as compared with control.
	Metabolites
(ng/1 × 106cells)
	Control
	NanoZnO
	NanoPS_LD
	NanoPS_HD

	
	 
	 
	p value
	 
	p value
	 
	p value

	Amino acids
	
	
	
	
	
	
	

	Leucine
	185.47 ± 10.36
	128.04 ± 13.26
	0.13
	235.27 ± 8.82
	0.22
	289.91 ± 29.68
	0.00

	Isoleucine
	152.25 ± 9.30
	100.34 ± 12.57
	0.18
	170.94 ± 8.20
	0.87
	228.45 ± 29.93
	0.03

	Valine
	79.96 ± 4.03
	53.22 ± 4.76
	0.05
	103.79 ± 2.84
	0.10
	123.50 ± 11.91
	0.00

	Pheylalanine
	70.05 ± 3.25
	50.15 ± 4.41
	0.11
	96.10 ± 2.69
	0.02
	113.28 ± 10.02
	0.00

	Tryptophan
	26.68 ± 1.09
	18.80 ± 1.57
	0.05
	35.62 ± 0.85
	0.03
	41.97 ± 3.53
	0.00

	Methionine
	49.39 ± 1.47
	35.31 ± 3.39
	0.11
	67.28 ± 1.81
	0.03
	84.90 ± 7.16
	0.00

	Lysine
	137.81 ± 7.69
	98.79 ± 8.18
	0.05
	208.78 ± 4.94
	0.00
	254.03 ± 15.60
	0.00

	Histidine
	54.94 ± 2.76
	36.64 ± 4.13
	0.09
	65.76 ± 2.36
	0.46
	83.41 ± 8.66
	0.00

	Arginine
	527.51 ± 39.02
	381.62 ± 46.75
	0.32
	668.77 ± 28.85
	0.35
	934.57 ± 96.55
	0.00

	Tyrosine
	88.79 ± 4.52
	60.10 ± 5.89
	0.09
	110.68 ± 4.39
	0.26
	134.57 ± 13.84
	0.00

	Proline
	152.73 ± 7.48
	105.36 ± 6.46
	0.01
	190.85 ± 4.81
	0.03
	214.95 ± 13.68
	0.00

	Alanine
	230.68 ± 10.44
	206.37 ± 7.15
	0.35
	387.87 ± 7.57
	0.00
	309.14 ± 13.95
	0.00

	Threonine
	93.81 ± 4.77
	60.84 ± 5.99
	0.03
	111.00 ± 3.70
	0.39
	132.70 ± 12.46
	0.01

	Glycine
	137.42 ± 7.88
	106.20 ± 7.78
	0.05
	172.84 ± 4.09
	0.02
	180.69 ± 10.50
	0.00

	Glutamine
	552.86 ± 48.28
	446.21 ± 80.29
	0.87
	585.21 ± 50.64
	1.00
	989.50 ± 167.43
	0.03

	Serine
	142.66 ± 8.15
	100.77 ± 8.30
	0.05
	185.03 ± 5.72
	0.04
	211.78 ± 16.52
	0.00

	Asparagine
	192.64 ± 12.35
	126.15 ± 16.21
	0.11
	196.91 ± 11.62
	1.00
	258.03 ± 31.01
	0.11

	Glutamic acid
	2349.28 ± 122.88
	1555.03 ± 72.22
	0.00
	2330.95 ± 73.73
	1.00
	2573.81 ± 124.12
	0.42

	Aspartic acid
	373.13 ± 35.76
	256.86 ± 18.59
	0.05
	535.93 ± 17.92
	0.00
	608.18 ± 37.85
	0.00

	TCA
	
	
	
	
	
	
	

	Glucose
	5072.77 ± 548.32
	3200.11 ± 632.17
	0.41
	4907.92 ± 416.48
	1.00
	8289.61 ± 1395.07
	0.06

	Pyruvate
	20.50 ± 2.43
	17.47 ± 0.64
	0.90
	37.00 ± 4.22
	0.01
	44.16 ± 3.72
	0.00

	Lactate
	3164.61 ± 168.20
	3076.93 ± 85.64
	0.97
	6306.11 ± 146.01
	0.00
	6098.59 ± 126.94
	0.00

	Citrate
	36.79 ± 2.79
	21.12 ± 3.52
	0.05
	25.51 ± 2.76
	0.21
	48.77 ± 5.75
	0.17

	α-Ketoglutarate
	2.09 ± 0.22
	1.35 ± 0.28
	0.35
	1.49 ± 0.14
	0.53
	2.72 ± 0.48
	0.50

	Succinate
	73.73 ± 6.30
	72.90 ± 4.01
	1.00
	110.45 ± 7.59
	0.00
	92.76 ± 5.23
	0.14

	Fumarate
	58.95 ± 3.37
	58.90 ± 3.80
	1.00
	79.19 ± 2.48
	0.00
	85.86 ± 3.71
	0.00

	Malic acid
	167.75 ± 5.48
	163.17 ± 9.49
	0.99
	223.83 ± 3.64
	0.00
	241.79 ± 14.53
	0.00


Table S3. Cell counts for metabolomics studies.
	
	Cell counts (× 106 cells/ml)

	
	Control
	NanoZnO
	NanoPS_HD
	NanoPS_LD

	1
	3.19
	5.78
	2.19
	3.06

	2
	3.52
	5.81
	2.69
	2.85

	3
	3.06
	5.43
	2.82
	2.84

	4
	3.24
	5.87
	2.44
	3.01

	5
	3.55
	5.85
	2.48
	3.14

	6
	3.29
	5.89
	2.41
	3.24

	7
	3.01
	5.48
	2.36
	3.17

	8
	3.00
	5.67
	2.19
	2.83


2

