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Supplementary Information 

 

Supplementary Methods 

 

Concentration-response analysis for lethality 

LC50 values were obtained by fitting responses relative to control treatments 

(R) to the nonlinear allosteric decay regression model depicted in Eq. (1):  

 

 

 

 

 

where  

R(Ci)  proportional biological response at concentration Ci relative to 

controls 

Ci   concentration of the toxic substance (i)   

LC50  the half saturation constant (concentration of ACR that caused 50% 

mortality of larvae) 

k  decay index 

The allosteric decay model was selected to fit the obtained data because it can 

describe nonlinear type responses. Model accuracy was assessed using the 

adjusted coefficient of determination (r2) and analysing residual distribution. The 

significance of the entire regression and regression coefficients were 

determined by analysis of variance (ANOVA) and Student’s t-test, respectively.  

  R(Ci) =   

 

1 

1 +  
Cik 

EC/LC50k 



 4 

All analyses were conducted using statistical analysis software (IBM SPSS 19.0 

and SigmaPlot 11.0, 2008, Systat Software Inc.).  

 

RNA preparation and qRT-PCR analysis. 

Total RNA was extracted from individual brains from 17 control and 14 ACR-

treated adult zebrafish, from 3 independent experiments, using Trizol Reagent 

(Invitrogen Life Technologies, Carlsbad, CA). RNA concentration was measured 

by spectrophotometric absorption in a NanoDrop ND-8000 spectrophotometer 

(NanoDrop Technologies). After DNaseI treatment (Ambion, Austin, TX), total 

RNA was retro-transcribed to cDNA with First Strand cDNA synthesis Kit 

(Roche Diagnostics, Mannheim, Germany) according to manufacturer’s 

instructions. Real Time PCR was performed in LightCycler ® 480 Real-Time 

PCR System (Roche Diagnostics, Mannheim, Germany) using SYBR Green 

PCR Master Mix (Roche Diagnostics, Mannheim, Germany). Cycling 

parameters were 95ºC for 15 min followed by 45 cycles of 95ºC for 10 s and 

60ºC for 30 s. Three technical replicates were run for each sample. Appropriate 

primers for the nine selected genes (gap43, gfap, mbp, nsfa, tuba1b, syn2a, 

syt1a, sytxbp1b, c-fos) were designed using Primer Express 2.0 software 

(Applied Biosystems, Foster City, CA) and the Primer-Blast server 

(http://www.ncbi.nlm.nih.gov/tools/primer-blast; primer sequences in Table S1) 

and synthesized by Sigma. The house-keeping genes ppia2 and eef1a were 

selected as reference genes1. 

Relative mRNA abundances of different genes were calculated from the second 

derivative maximum of their respective amplification curves (Cp, calculated by 

triplicates). To minimize errors on RNA quantification among different samples, 
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Cp values for target genes (Cptg) were normalized to the average Cp values for 

ppia2, used as reference gene, following Eq. (2) 

ΔCptg = Cpppia2 − Cptg 

Changes in mRNA abundance in samples from different treatments were 

calculated by the ΔΔCp method2, using corrected Cp values from treated and 

non-treated samples (Eq. (3)) 

ΔΔCptg = ΔCptg_untreated − ΔCptg_treated 

Fold-change ratios were derived from those values. 

 

Proteomic Analysis. 

Proteolysis  

The protein fractions were extracted with 9 M Urea, 400 mM ammonium 

bicarbonate and 10 mM DTT. 20 μg protein from each sample were reduced 

with 2.8 mM DTT (60°C for 30 min), modified with 8.8 mM iodoacetamide in 400 

mM ammonium bicarbonate (in the dark, room temperature for 30 min) and 

digested in 2M urea, 100 mM ammonium bicarbonate with modified trypsin 

(Promega) at a 1:50 enzyme-to-substrate ratio, overnight at 37°C. An additional 

second trypsinization was done for 4 hours. 

 

Mass spectrometry analysis 

The tryptic peptides were desalted using C18 tips (Harvard) dried and re-

suspended in 0.1% Formic acid. The peptides were resolved by reverse-phase 

chromatography on 0.075 X 180-mm fused silica capillaries (J&W) packed with 

Reprosil reversed phase material, as in Ishihama et al.3. The peptides were 
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eluted with linear 180 minutes gradient of 5 to 28% 15 minutes gradient of 28 to 

95% and 25 minutes at 95% acetonitrile with 0.1% formic acid in water at flow 

rates of 0.15 μl/min. Mass spectrometry was performed by Q Exactive plus 

mass spectrometer (Thermo) in a positive mode using repetitively full MS scan 

followed by collision induces dissociation (HCD) of the 10 most dominant ions 

selected from the first MS scan. 

The mass spectrometry data from all the biological repeats was analyzed using 

the MaxQuant software 1.5.2.84 vs. the Danio rerio section of the Uniprot 

database with 1% FDR. The data was quantified by label free analysis using the 

same software. Oxidation on methionine, propionamide and carbamidomethyl 

on cysteine, propionamide on histidine and lysine were accepted as variable 

modifications. Minimal peptide length was set to six amino acids and a 

maximum of two miscleavages was allowed. The identified protein table was 

filtered to remove the identifications from the reverse database, the common 

contaminants and single peptide identifications. 

T test was done between the groups (using Perseus software) with 0.05 

permutated FDR and 250 randomizations. Differential proteins were proteins 

identified with at least 2 evidences, at least in 3 samples with P value of 0.05 or 

less and log2 difference between the groups of 0.8 or more.  

 

Statistical analysis 

Statistical analysis of the identification and quantization results was done using 

Perseus software 1.5.2.45. Proteins with P value less than 0.05 and a difference 

of at least 2 fold between groups were labelled as differential. 
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Analysis of neurochemicals by LC-MS/MS.  

Zebrafish adult brains were extracted by a method adapted from Gomez-Canela 

et al.6,7. Samples were spiked with 500 ng of isotope labeled solution of L-

aspartic acid-15N (internal standard) and then, 500 μL of MeOH:H2O (90:10) 

were added to each pool and shaken. Three stainless steel beads (3 mm 

diameter) were placed in each sample and were homogenized using a bead mill 

homogenizer (TissueLyser  LT,  Qiagen) at  50 oscillations per min during 90 s. 

After this, samples were centrifuged for 20 min at 13,000 rpm at 4ºC. Finally, 

the supernatant was filtered using 0.20 μM PTFE filters (DISMIC -13 JP, 

Advantec®) and stored at -80 ºC until liquid chromatography coupled to tandem 

mass spectrometry (LC-MS/MS) analysis. Neurotransmitters were measured 

using LC connected to a triple quadrupole detector (Xevo TQD, Waters, USA) 

(LC-MS/MS). A Synergi Polar-RP 80 Å column (250mm x 4.6 mm ID, particle 

size 4 µM, Phenomenex, Torrance, USA) was used to separate the target 

compounds. The mobile phase composition consisted of binary mixtures with 

0.1% of formic acid in water (A) and 0.1% formic acid in MeOH (B). Gradient 

elution started at 95% A and 5% B in the first 2 min and increased to 30% B in 5 

min. Then, gradient increased to 95% B in the next 13 min, and held for 5 min. 

Initial conditions to stabilize the system were attained in 5 min being 30 min the 

total run time. The flow rate was set at 600 µL min−1 and 10 µL were injected. 

Neurotransmitters were measured under positive electrospray ionization (ESI+). 

Finally, to identify each compound, acquisition was performed in selected 

reaction monitoring (SRM) mode using two transitions from precursor ion to 

product ions. Supplementary Table S3 displays the SRM transitions as well as 

cone voltages and collision energies used to identify the target compounds. 
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More details about the chromatographic and mass spectral conditions are given 

in a previous published paper7. Experimental data were acquired and 

processed using the MassLynx v4.1 software package. 
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Supplementary Figures 
 

 

 
Supplementary Figure S1: Concentration-response analysis of the effect 

of ACR on the survival of adult zebrafish. Regression parameters according 

to Eq.1 of fitted models to mortality responses were: LC50: 1.204 mM ACR; / 

SEM: 0.02/ P < 0.0001/ r2: 0.8818/ n= 123. Abbreviations: ACR, acrylamide. 
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Supplementary Figure S2. Hyerarchical clustering of brain samples by 

their  relative levels in the 25 parameters (chemical or behavioral) showing 

VIPs scores above 1 in the PLS DA. Treated and control samples are labeled 

as "ACR" and "CN", respectively. Blue and red squares indicate low and high 

levels of each parameter (rows) in a given sample (columns). The heat map 

was calculated using row-standardized data. Please refer to main text' Figure 5 

for parameter description. 

 

 

 

 

 

 

A
C

R
1
1

A
C

R
1
0

A
C

R
3

A
C

R
1

A
C

R
4

A
C

R
5

A
C

R
7

A
C

R
1
2

A
C

R
2

A
C

R
9

A
C

R
6

A
C

R
8

C
N

4

C
N

9

C
N

8

C
N

1
0

C
N

1
2

C
N

5

C
N

1

C
N

1
1

C
N

6

C
N

7

C
N

3

C
N

2

C00547
C00327
C00245
C00780
C00025
C03758
C00049
C00148
C00719
C01996
TimePeri_OFT
HmDur_OFT
Dist_OFT
Freq_top
Time_top
Dist_NTT
HmFreq_NTT
HmDur_NTT
C00079
C05635
HmFreq_OFT
FreezFreq_NTT
ImDur_NTT
ImFreq_OFT
TightRot_OFT

-2 -1 0 1 2

Value

Color Key



 11 

Supplementary Table S1. Primers used for qPCR, including ZFIN and GeneBank accession numbers. 

Gene ZFIN GeneBank Gene description Sequence Amplicon 

gfap ZDB-GENE-990914-3 NM_131373 glial fibrillary acidic protein 
FW 
RV 

5'-GGATGCAGCCAATCGTAAT 
5'-TTCCAGGTCACAGGTCAG 

97 bp 

mbp ZDB-GENE-030128-2 AY860977 myelin basic protein a 
FW 
RV 

5'-AATCAGCAGGTTCTTCGGAGGAGA 
5'-AAGAAATGCACGACAGGGTTGACG 

102 bp 

gap43 ZDB-GENE-990415-87 NM_131341.1 growth associated protein 43 
FW 
RV 

5'-CAGCCGACGTGCCTGAA 
5'-GGATTCCTCAGCAGCGTCTG 

71 bp 

syn2a ZDB-GENE-040718-341 NM_001002597 synapsin IIa 
FW 
RV 

5'-GTGACCATGCCAGCATTTC 
5'-TGGTTCTCCACTTTCACCTT 

80 bp 

tuba1b ZDB-GENE-030822-1 NM_194388.2 tubulin, alpha 1b 
FW 
RV 

5'-AATCACCAATGCTTGCTTCGAGCC 
5'-TTCACGTCTTTGGGTACCACG 

117 bp 

nsfa ZDB-GENE-030616-37 NM_001044328.1 
N-ethylmaleimide-sensitive 

factor a 
FW 
RV 

5'-CGCGGCTTCTTCGAGTAACA 
5'-GAAGTGTGATCTCCGTCAGGTT 

134 bp 

syt1a ZDB-GENE-040718-165 NM_001327829 synaptotagmin Ia 
FW
RV 

5'-AAAGGGAAGAGACGGCTGTG 
5'-GGAGCCAGGCAGAAGCTTTA 

130 bp 

stxbp1b ZDB-GENE-060531-166 NM_001089376.1 syntaxin binding protein 1b 
FW 
RV 

5'-ACGCTGAAAGAGTACCCAGC 
5'-CTCCCAAAGTGGGGTCATCC 

118 bp 

c-fos ZDB-GENE-031222-4 NM_205569.1 c-fos FW
RV 

5'-TGCAGCACGGCTTCACCGAG 
5'-CGGGCATGAAGAGATCGCCGT 

129 bp 

ppia2 
ZDB-GENE-030131-

8556 
NM_212758,1 2-peptidylpropyl isomerase A 

FW
RV 

5'-GGGTGGTAATGGAGCTGAGA 
5'-AATGGACTTGCCACCAGTTC 

179 

eef1a1 ZDB-GENE-990415-52 NM_131263,1 
eukaryotic translation 

elongation factor 1 alpha 1 
FW
RV 

5'-CGTCTGCCACTTCAGGATGTG 
5'-ACTTGCAGGCGATGTGAGCAG 

376 bp 
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Supplementary Table S2. Levels (ng/mg f.w.) of the main neurotransmitters,  

precursors and degradation products in the brain of adult zebrafish control and 

exposed to 0.75 mM ACR for 72 h. 

 Control 0,75 mM ACR P valuea 

Acetylcholine 2.43 ± 0.27 1.51 ± 0.28 0.027 

Phosphocholine 49.43 ± 3.25 70.90 ± 5.52 0.003 

Choline 48.08 ± 3.40 49.11 ± 6.83 0.695 

Tryptophan 5.52 ± 0.28 6.96 ± 0.64 0.051 

5-HTP 0.054 ± 0.043 0.012 ± 0.001 0.337 

Serotonin 0.95 ± 0.05 0.74 ± 0.06 0.014 

5-HIAA 0.2 ± 0.01 0.30 ± 0.02 7.98 x 10-5 

Phenylalanine 8.51 ± 0.46 14.31 ± 1.41 0,001 

Tyrosine 11.79 ± 2.74 22.86 ± 3.18 0,015 

L-DOPA 0.23 ± 0.07 0.22 ±0.11 0.943 

Dopamine 0,41 ± 0.04 0.28 ± 0.03 0,010 

3-Methoxytyramine 0,016 ± 0.003 0.022 ± 0.004 0.321 

Norepinephrine 1.90 ± 0.13 1.38 ± 0.13 0.008 

Epinephrine  2.38 ± 0.56 2.03 ± 0.26 0.582 

Glutamate 617.77 ± 20.20 590.32 ± 24.01 0.391 

Aspartate 50.77 ± 2.56 29.46 ± 2.22 1.12 x x 10-5 

GABA 304.17 ± 8.78 314.86 ± 14.33 0.531 

a P value from Student’s-t test 
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