	
Table S1	Peptide sequences used for gene transcription.

	Gene
	Accession number
	
	Peptide sequence

	18s
	NM_001098396
	FF
	AGGAATTCCCAGTAAGCGCA

	
	
	RR
	ACCTCACTAAACCATCCAATC

	cyp1a
	NM_131879
	FF
	CTTCCCTTCACCATTCCTCA

	
	
	RR
	GGTTGACTTGCCACTGGTTT

	crybb
	NM_173231.2
	FF
	GATGATGTGCCAACCCTGTG

	
	
	RR
	TATCCTCTGTAGCCGGGGTA

	crygn
	NM_001003428
	FF
	AGAGTACCCCGAATTCCAGC

	
	
	RR
	AGCTCCATACGGTACTGCTC

	hif1
	NM_001308559
	FF
	GCAGCCTGTAGTGCAACATAA

	
	
	RR
	GGACATCTGAAGAGGGCAAC

	hif1
	NM_001310042
	FF
	TCTCTCTGGACTTCAACAACTCA

	
	
	RR
	AGTCCTCTCCTCCAGTCTCTAGTTT

	hif2
	NM_001039806
	FF
	ATGGCAGAGACACCACCTACTAA

	
	
	RR
	CCGAGTACTGGCTCTTCCTG

	hif2
	XM_690170
	FF
	GTCCAGAGGATCTAAAACAGCAC

	
	
	RR
	ACGGAGCCAGCAGTTGAC

	hif3
	NM_200405
	FF
	CAAGTCTGCAACATGGAAGG

	
	
	RR
	GAAACTCAACGCTGGATGG

	hif3
	NM_001012371
	FF
	TCTTTGAATGGCAAGGTCATC

	
	
	RR
	TCCAACCAGTCAGTTTCGTG

	wif1
	NM_131229
	FF
	AGCCACTGATCAGGCAGAGT

	
	
	RR
	GATGCTTTGTGAGGCACTGA

	aldh
	NM_212724
	FF
	GCCATAGAGCAGGCAAAACA

	
	
	RR
	TTGTGCGGTAGTCCAGTGAT

	vcp
	NM_201481
	FF
	AGACATCATTGACCCTGCCA

	
	
	RR
	AGCACCTGAAAAGCCATTGG


FF = forward
RR = reverse
[bookmark: _GoBack]cyp1a=cytochrome P4501A; crybb (crybb1)=-crystallin B; crygn (crygn2)=-N-crystallin; hif1, 2, 3=hypoxia-inducible factors (isoforms ); wif1=wnt inhibitory factor; aldh (aldh7a1)=aldehyde dehydrogenase; vcp=transitional endoplasmic reticulum ATPase.



Table S2 Mean values of  potential and hydrodynamic radius (scan number=10; 4 readings) of CNPW in suspension of MilliQ water and zebrafish water (zfw) measured by DLS (Dynamic Light Scattering). We showed the hydrodynamic radius changes of CNPW suspension after 2, 4 and 24 h in zfw.
	SAMPLE
	 POTENTIAL (mV)
mean±sd
	HYDRODYNAMIC RADIUS
nm (min-max)

	
CNPW in MilliQ 1 g/L

	
-30.9±3.1

	
822 (607 – 986)

	
	
	2 h
	4 h
	24 h

	CNPW 50 mg/L (zfw)
	-20.7±1.2
	356 (271-482)
	167 (133-224)
	73.1 (23-130)

	CNPW + BαP (zfw)
	-20.1±3.1
	419 (171- 445)
	267 (163- 495)
	282 (97-396)








	Table S3 Proteins changed in zebrafish embryos exposed to 20 g/L B()P


	Spota
	Fold change
(↓/↑)b
	Protein identification
	NCBInr
Accession numberc
	Molecular function
	Theoretical pI/MW
 (kDa)d
	Experimental pI/MW
 (kDa)e
	Mascot search resultsf

	
	
	
	
	
	
	
	Sequence coverage (%)g
	N°. of matched peptidesh
	Scorei

	1
	4.4↓*
	myosin light chain 1/3, skeletal muscle isoform [Danio rerio]

	gi|41053385
	Calcium ion binding
Structural constituent of muscle
	4.6/20.9
	4.5/18.0
	57
	12/18
	155

	5
	2.8↑*
	β-crystallin B1 [Danio rerio]

	gi|56118482
	Crystallin lens element
	6.4/27.3
	6.4/24.1
	61
	12/21
	159

	12

	5.9↓*

	Keratin4 protein, fragment 
[Danio rerio]

	gi|44890667
	Structural molecule activity
	5.3/53.9
	5.0/40.3
	45
	27/51
	233

	17
	3.3↓* 
	Keratin4 protein, fragment 
[Danio rerio]

	gi|44890667
	Structural molecule activity
	5.3/53.9
	4.9/36.8
	45
	29/44
	288

	18
	2.2↑*
	γ-crystallin N-B [Danio rerio]

	gi|51010939
	Crystallin lens element
	5.9/22.4
	5.7/13.1
	45
	9/12
	157


a ID number of spot on 2-DE map;
b fold change increase (↑) or decrease (↓) in terms of relative spot volume (%V) in comparison with control. *p<0.05; **p<0.01; 
c from www.uniprot.org site;
d Predicted pI and MW according to protein sequence; 
e Experimentally determined pI and Mr using internal standard;
f  Results obtained by Peptide Mass Fingerprinting analysis;
g Percentage of sequence coverage of matched peptides in the identified proteins;
h number of matched peptide/total number of peptide searched; 
i probabilistic score sorted by the software (protein scores greater than 60 were indicated as significant, p<0.05, by the program)
	Table S4	Proteins changed in zebrafish embryos exposed to 50 mg/L CNPW


	Spota
	Fold change
(↓/↑)b
	Protein identification
	NCBInr 
Accession number
	Molecular functionc
	Theoretical pI/MW
 (kDa)d
	Experimental pI/MW
 (kDa)e
	Mascot search resultsf

	
	
	
	
	
	
	
	Sequence coverage (%)g
	N°. of matched peptidesh
	Scorei

	1
	2.1↓**
	GDP dissociation inhibitor 2
[Danio rerio]
	gi|37362224
	GTPase activator

oxidoreductase activity

poly(A) RNA binding

Rab GDP-dissociation inhibitor activity

	5.6/50.9
	5.5/52.1
	47
	21/27
	240

	4
	2.8↓**
	α-aminoadipic semialdehyde dehydrogenase
[Danio rerio]
	gi|47086597
	Aldehyde dehydrogenase (NAD) activity
Betaine-aldehyde dehydrogenase activity
L-aminoadipate-semialdehyde dehydrogenase activity
	5.9/55.6
	6.0/60.0
	28
	12/22
	139

	6
	2.2↓**
	wnt inhibitory factor 1 precursor
[Danio rerio]
	gi|18859555
	Wnt-protein binding
	8.4/38.3
	6.8/64.8
	24
	6/19
	64

	9
	2.2↓*
	myosin regulatory light chain 12B
[Danio rerio]
	gi|47550703
	Calcium ion binding

	4.7/19.8
	4.6/10.8
	34
	6/7
	86

	10
	2.2↓*
	T-complex protein 1 subunit γ
[Danio rerio]
	gi|27545249
	ATP binding

Poly(A) RNA binding

Protein folding

Unfolded protein binding
	5.7/60.3
	5.7/70.1
	40
	18/26
	198

	12
	6.5↓*
	cofilin-1
[Danio rerio]
	gi|47271384
	Actin filament depolymerization
Muscle cell cellular homeostasis
Positive regulation of actine filament depolymerization
Sarcomere organization

	6.8/18.8
	5.8/11.2
	44
	5/19
	57

	
	
	
	
	
	
	
	MLPPNDCRj

	21
	2.3↓*
	eukaryotic translation elongation factor 2, like
[Danio rerio]
	gi|28278942
	5S rRNA binding
GTPase activity
GTP binding
Poly(A) RNA binding
Protein kinase binding
Ribosome binding
Translation elongation factor activity

	6.3/95.5
	6.8/92.7
	39
	27/33
	275


a ID number of spot on 2-DE map;
b fold change increase (↑) or decrease (↓) in terms of relative spot volume (%V) in comparison with control. *p<0.05; **p<0.01; 
c from www.uniprot.org site;
d Predicted pI and MW according to protein sequence; 
e Experimentally determined pI and Mr using internal standard;
f  Results obtained by Peptide Mass Fingerprinting analysis;
g Percentage of sequence coverage of matched peptides in the identified proteins;
h number of matched peptide/total number of peptide searched; 
i probabilistic score sorted by the software (protein scores greater than 60 were indicated as significant, p<0.05, by the program)
j MALDI TOF/TOF sequenced peptide(s)




















	Table S5	Proteins changed in zebrafish embryos exposed to 50 mg/L CNPW+ 20 g/L B()P


	Spota
	Fold change
(↓/↑)b
	Protein identification
	NCBInr Accession number
	Molecular functionc
	Theoretical pI/MW
 (kDa)d
	Experimental pI/MW
 (kDa)e
	Mascot search resultsf

	
	
	
	
	
	
	
	Sequence coverage (%)g
	N°. of matched peptidesh
	Scorei

	3
	3.1↓**
	vitellogenin 7 isoform X1
N-terminal fragment
[Danio rerio]
	gi|1040677091
	Lipid transporter activity
	8.8/123.0
	6.4/57.2
	9
	10/19
	74

	5
(mix)
	2.1↓** 
	vitellogenin 1 
[Danio rerio]
	gi|63100501
	Lipid transporter activity
	9.2/36.4
	7.6/18.4
	45
	14/41
	139

	
	
	
	
	
	
	
	AEAGVLGEFPAARj

	
	
	vitellogenin 7
[Danio rerio]
	gi|57864789
	Lipid transporter activity
	8.4/24.3

	7.6/18.4
	32

	8/41
	76


	
	
	
	
	
	
	
	AEAGVLGEFPAARj

	7
	2.2↓**
	wnt inhibitory factor 1 precursor

Varied also at 50 mg/L CNPW (see Table AT2)

	 8
	5.8↑**
	myosin regulatory light chain 2, skeletal muscle isoform
[Danio rerio]
	gi|18859049
	Calcium ion binding
Structural constituent of muscle
	4.7/18.9
	4.6/9.1
	63
	11/18
	179

	9
(mix)
	2.2↑** 
	vitellogenin 1
[Danio rerio]
	gi|63100501
	Lipid transporter activity
	9.2/35.5
	7.2/18.4
	42
	12/28
	135

	
	
	
	
	
	
	
	AEAGVLGEFPAARj

	
	
	vitellogenin 7
[Danio rerio]
	gi|57864789
	Lipid transporter activity
	8.4/24.4
	7.2/18.4
	24
	5/28
	50

	
	
	
	
	
	
	
	AEAGVLGEFPAARj

	11
	5↑*
	vitellogenin 6 precursor
central fragment
[Danio rerio]
	gi|724470678
	Lipid transporter activity
Nutrient reservoir activity
	8.8/150.0
	7.8/20.8
	9
	14/29
	66

	
	
	
	
	
	
	
	GNYKVEALPVDLPEHIASASFETHAVVRj

	12
(mix)
	2.8↓* 
	Formimidoyltransferase-cyclodeaminase
[Danio rerio]
	gi|323462193
	Folic acid binding
Formimidoyltetrahydrofolate cyclodeaminase activity
Formimidoyltransferase activity
Glutamate formimidoyltransferase activity
Microtubule binding
	6.2/59.3
	6.3/64.8
	23
	12/25
	119

	
	
	asparagine synthetase
[Danio rerio]
	gi|30353831
	Asparagine synthase activity
ATP binding
Cofactor binding
Protein homodimerization activity
	6.1/63.9
	6.3/64.8
	21
	10/25
	79

	14
	2.2↓*
	ɑ-aminoadipic semialdehyde dehydrogenase
[Danio rerio]

varied also at 50 mg/L CNPW (see Table AT2)


	17
	2.5↓*
	thimet oligopeptidase isoform X1
[Danio rerio]
	gi|528493528
	Metal ion binding
Metallo-endo-peptidase activity
Peptide binding
	5.5/77.9
	5.5/81.9
	27
	16/37
	140

	20
	2.5↓* 
	vitellogenin 1 precursor
N-terminal fragment
[Danio rerio]
	gi|166795887

	Lipid transporter activity
Nutrient reservoir activity
	8.7/150.3
	6.7/60.0
	14
	19/39
	121

	22
	2.4↑*
	myosin light chain 1/3, skeletal muscle isoform
[Danio rerio]

Varied also at 50 mg/L CNPW (see table AT2)

	33
	3.7↓*
	apolipoprotein B-100, N-terminal fragment
[Danio rerio]
	gi|528506523

	Cholesterol transporter activity
Heparin binding
Lipase binding
Low-density lipoprotein particle receptor binding
Phospholipid binding
	5.4/495.98
	5.2/81.9
	5
	15/17
	96

	36
(mix)
	2.4↑* 
	actin, 1, skeletal muscle
[Danio rerio]
	gi|28277651
	ADP binding
ATP binding
Myosin binding
Structural constituent of cytoskeleton
	5.2/41.9
	5.2/46.0
	60
	24/43
	259

	
	
	actin1 protein
[Danio rerio]
	gi|28279111
	ATP binding
Identical protein binding
Kinesin binding
Nitric-oxide synthase binding
Structural constituent of cytoskeleton
Tat protein binding
	5.2/41.7
	5.2/46.0
	53
	16/43
	152

	38
	2.7↑*
	transitional endoplasmic reticulum ATPase
[Danio rerio]
	gi|41393119
	ADP binding
ATPase activity
ATP binding
BAT3 complex binding
Deubiquitinase activator activity
Lipid binding
Poly(A) RNA binding
Polyubiquitin binding
Protein domain specific binding
Protein phosphatase binding
Ubiquitin-like protein ligase binding
Ubiquitin protein ligase binding
Ubiquitin-specific protease binding
	5.1/89.4
	5.2/91.3
	45
	27/46
	238


a ID number of spot on 2-DE map;
b fold change increase (↑) or decrease (↓) in terms of relative spot volume (%V) in comparison with control. *p<0.05; **p<0.01; 
c from www.uniprot.org site;
d Predicted pI and MW according to protein sequence; 
e Experimentally determined pI and Mr using internal standard;
f  Results obtained by Peptide Mass Fingerprinting analysis;
g Percentage of sequence coverage of matched peptides in the identified proteins;
h number of matched peptide/total number of peptide searched; 
i probabilistic score sorted by the software (protein scores greater than 60 were indicated as significant, p<0.05, by the program);
j MALDI TOF/TOF sequenced peptide(s).



















METHODS

CNPW characterization
The primary particle diameter and shape were determined by TEM and SEM. The morphology and purity of the bulk form were analysed using a Zeiss LEO 1430 scanning electron microscope coupled with a Centaurus detector for energy-dispersive X-ray (EDX) spectroscopy. The powder was mounted onto an aluminium SEM stub and gold-coated. Elemental analysis was performed using Oxford Instruments INCA ver. 4.04 software (Abingdon, UK). The operating conditions were as follows: accelerating voltage, 20 kV; probe current, 360 pA; and working distance, 15.0 mm. The morphology and size distribution of the CNPW for exposure were measured by TEM. Purified CNPW was suspended in distilled water, stirred and then sonicated. Aliquots of 5 mL were deposited onto Formvar-coated, 300 mesh, copper grids, and the excess water was gently blotted using filter paper. Once dried, the grids were directly inserted into a Zeiss LEO 912 ab Energy Filtering transmission electron microscope operating at 120 kV, and images were collected at a magnification of 25,000 using a CCD-BM/1K system. 
The hydrodynamic diameters and surface charges (ζ potentials) of CNPW and CNPW+B(α)P, both suspended in MilliQ water and zfw at 50 mg/L, were determined by DLS by using a Malvern Zetasizer nano ZS instrument (Malvern Instruments, Malverne, UK) at 298 K. The instrument was equipped with a solid-state He-Ne laser operating at a wavelength of 633 nm and detecting the scattered light at a scattering angle of 173°. Each measurement was recorded in quadruplicate. Data were elaborated using Zetasizer Nano Series software, version 7.02 (Particular Sciences, UK). To evaluate the sedimentation process over time, the size distributions of the CNPW suspensions in zfw were monitored at 2, 4 and 24 h.

Histopathological analyses

Electron microscopy
Ten embryos from each experimental group were randomly selected and fixed in a mixture of 4% paraformaldehyde and 2.5% glutaraldehyde in a 0.1 M sodium cacodylate-buffered solution at pH 7.4. After washes in the same buffer, the embryos were post-fixed in 1% OsO4 at 4 °C for 1.5 h, dehydrated in a graded ethanol series and finally in 100% propylene oxide. Infiltration was subsequently performed by propylene oxide resin (Araldite-Epon) at volumetric proportions of 2:1 for 1.5 h, 1:1 overnight, and 1:2 for 1.5 h. The embryos were then embedded in 100% pure resin for 4 h, and polymerization was performed at 60 °C for 48 h. Sectioning was performed using an Ultracut E microtome (Reichert, Austria). Semi-thin sagittal sections of approximately 1 µm were collected onto a microscope slide and stained with 1% toluidine blue to select the region of interest. Ultra-thin sections of approximately 70 nm were collected on 600-mesh uncoated copper grids. The sections were not counterstained to avoid interference with CNPW visualization. ESI analysis was performed using a Zeiss LEO 912ab energy-filtering transmission electron microscope operating at 80 kV. The distribution of carbon was obtained by computer processing of the images collected at different energy loss values according to the three-window method. The final element map, coded in pseudo-colour, was then superimposed on the ultrastructural organization of the same field obtained at 250 eV, i.e., at an energy loss at which most of the elements contributed to the image. The nature of the element signals in the different regions of the maps was confirmed by the electron energy loss spectra (EELS). Digital images were acquired using a CCD-BM/1K system, and image elaboration was performed using ESI AnalySIS vision software (Soft Imaging Systems, Muenster, Germany).

Immunofluorescence and confocal microscopy
Embryos (n=7 for each treatment) were fixed with 4% paraformaldehyde in 0.1 M phosphate buffer at pH 7.2 (PB) overnight at 4 °C and subsequently cryo-protected in 15% sucrose for 2 h and 30% sucrose overnight at 4 °C. For the immunofluorescence reactions, sections (10 µm) were cut using a CM1850 cryostat (Leica, Wetzlar, Germany) and sequentially incubated in 0.05 M NH4Cl in PB for 30 min, in 0.01 M phosphate-buffered saline at pH 7.4 (PBS) containing 1% bovine serum albumin (BSA) and 0.2% Triton X-100 for 30 min and in anti-PAH primary antibody (1/100 in PBS, Santa Cruz) overnight at 4 °C. The next day, the sections were exposed to the appropriate secondary antibody (Alexa Fluor 488 goat anti-mouse, 1:200; Thermo Fisher Scientific) and with phalloidin (Cytoskeleton 555 actin stain, TRITC conjugate, PHDH1; Cytoskeleton Inc., Denver, USA) for 2 h at room temperature. Then, the samples were washed extensively in PBS and mounted in 1:2 PBS/glycerol with the DNA-binding dye 40-60-diamidino2-phenylindole (DAPI). The primary antibody was omitted in the control experiments. Sections were finally observed by a Leica SP2 confocal microscope equipped with He/Kr and Ar lasers (Leica, Wetzlar, Germany). We used the confocal microscope in reflection mode to visualize the CNPW in embryonic tissues. According to the method of Prins et al. (2006), the samples were illuminated with a 488 nm argon/krypton laser using the AOTF filter at 10% intensity. A neutral RT 30/70 filter was used as the beam splitter and placed at a 45° angle in the path of the beam.

Functional proteomics analyses
The zebrafish embryos were then homogenized in 400 L of ice-cold buffer; 200 g of proteins, quantified by the Bradford protein assay (Sigma Aldrich), were precipitated using a chloroform/methanol/water mixture (4:1:3 v/v) and resolubilized in an adequate buffer. The first dimension (1-DE) was achieved using 18 cm of pH 3–10 non-linear gradient IPG strips (GE Healthcare, Milan, Italy) and an Ettan IPGphor II system (GE Healthcare, USA). Before the second dimension (2-DE), the IPG strips were reduced (1% DTT) and alkylated (2.5% iodoacetamide) in equilibration buffer. The strips were then loaded onto a 12% acrylamide gel (24 cm length, 1 mm thickness) and run in an Ettan DALTsix electrophoresis unit (GE Healthcare) with two running buffers composed of 19 mM Tris-HCl, 193 mM glycine, 0.1% SDS at 1x and 2x concentrations in different chambers, respectively. We dyed the gels with silver stain (ProteoSilver Plus Silver Stain Kit; Sigma Aldrich). Gel images were acquired by an ImageScanner II and analysed by ImageMaster 2D Platinum software (Amersham Biosciences, USA). The significant variations in proteins were investigated by comparing 4 zfw control gels with 4 gels after CNPW exposure and 4 gels after CNPW+B(α)P exposure, respectively. Since the carrier for the B(α)P exposures was DMSO, we also compared 4 DMSO gels with 4 gels after B(α)P exposure, for a total of 20 gels analysed. The spots corresponding to differentially expressed proteins were statistically evaluated in terms of the mean relative volume using Student’s t-test for unpaired samples after testing for normality (Shapiro–Wilk W-test) and homogeneity of variance (Levene’s test). The significance level was defined as p<0.05. To avoid obtaining false significance, a minimum 2-fold change cut-off relative to the controls was employed as a further criterion for differential expression. The protein spots were manually excised with a plastic tip and collected in 0.5 mL tubes. Spots were then destained (ProteoSilver Plus Silver Stain Kit; Sigma Aldrich), dehydrated with acetonitrile and digested with trypsin (Sigma Aldrich) in an overnight incubation at 37 °C. Next, 0.75 L of the supernatant of each digestion was spotted onto the MALDI target, air-dried, mixed with 0.75 L of an alpha-cyano-4-hydroxycynnamic acid matrix solution and allowed to dry again. Peptide mass fingerprinting (PMF) was performed using an Ultraflex III MALDI-TOF/TOF (matrix-assisted laser desorption/ionization-time of flight/time of flight) mass spectrometer (Bruker Daltonics, Billerica, MA, USA). Spectra were analysed by Flex Analysis software 3.0. Mascot software available on-line (Matrix Science Ltd., London, UK, http://www.matrixscience.com) was used for the PMF search in the NCBI nr or Swiss-Prot/TrEMBL databases with a taxonomy set for Danio rerio. 
Peptide digests without unambiguous PMF identification were further analysed through peptide sequencing by tandem mass spectrometry on an Ultraflex III MALDI-TOF/TOF. Using the online MASCOT MS/MS ion search software, MS/MS database searching was carried out in the NCBI nr or Swiss-Prot/TrEMBL databases. Only peptides with individual ion scores of less than 0.05 (p<0.05) were considered significant. 

RNA extraction and quantitative RT-PCR (qRT-PCR) 
For qRT-PCR analysis, each batch of treated and control zebrafish embryos (n=15 for each exposure) was placed in 1.5 mL microtubes, immediately frozen in liquid nitrogen and stored at -80 °C until processing. Total RNA was isolated using an SV Total RNA Isolation System (Promega, Madison, Wisconsin). Each sample was incubated with DNasel to eliminate any genomic DNA residues from the RNA preparation. First-strand cDNAs were synthesized by employing the ImProm-II Reverse Transcription System (Promega) according to the manufacturer’s protocol, using random oligonucleotides to prime the reverse transcription of 1 g of total RNA. qPCR was performed using primers specific for cyp1a, crybb, crygn, hif1, hif1, hif2, hif2, hif3, hif3, wif1, aldh and vcp (see table S4 for sequences; 18s ribosomal RNA level was also tested in all the samples for normalization purposes). The reactions were performed in a 96-well-format iQ5TM multi-colour real-time PCR detection system (Bio-Rad) using iQTM SYBR® Green Supermix (Bio-Rad). Three independent qRT-PCR experiments from the same reverse-transcribed sample were performed using each pair of gene-specific primers. The presence of a single PCR product was verified by melting-curve and agarose gel analyses.
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