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Objective: Use the zebrafish model 
to study the molecular neurotoxic 
mechanisms of acrylamide
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Metabolism Proteome Transcriptome

1H-NMR
Neurotransmitter analysis 
(HPLC-MS)
Biochemical assays 

Proteome profiles 
Protein adduct analyses 
(MALDI-TOF)

RNA iSeq

Acrylamide (AA)

0.75 mM AA
72h (in water)
4 brains/sample
50% sex ratio

Methodological 
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Compound Fold Change Sig.a

AAMA 7.43***
Acrylamide 5.77***
MetSO 3.59**
L-Alanine 0.85*
L-Glutamic acid 0.84*
NAD 0.79**
Carnosine 0.77*
L-Aspartic acid 0.73***
Betaine 0.68*
GSSG 0.58**
GSH 0.20***

Non-Target Metabolomic 
Analysis: NMR



Term Count Fold 
Enrichm

ent

PValue FDR 
(%)

Genes

IPR012336:Thioredoxin-like fold 8 10.7 1.0E-05 0.01 ZGC:56493, TXNDC17, TXN2, PRDX6, TXN, EEF1G, GSTP2, GSTP1

GO:0016671~oxidoreductase activity, acting on a sulfur
group of donors, disulfide as acceptor

4 61.2 3.2E-05 0.04 ZGC:56493, TXN2, TXN, MSRB2

GO:0006836~neurotransmitter transport 5 18.0 1.6E-04 0.20 SLC17A6B, SLC17A6A, CPLX2, LOC563082, CPLX2L

IPR005746:Thioredoxin 3 138.9 1.7E-04 0.22 ZGC:56493, TXN2, TXN

GO:0005882~intermediate filament 5 16.1 2.5E-04 0.24 NEFMB, NEFMA, LMNB1, LMNB2, LMNA

GO:0003824~catalytic activity 11 4.1 2.9E-04 0.34 PPM1G, GAD1A, ALDOCA, GAD2, GMPR2, ALDOCB, CKMT1, MTAP, 
SYN2B, PGAM1A, PCCA

IPR026074:Microtubule associated protein 1 3 111.1 2.8E-04 0.36 MAP1AB, MAP1AA, MAP1B

IPR004142:Ndr 3 92.6 4.2E-04 0.54 NDRG4, NDRG3A, NDRG2

GO:0016829~lyase activity 5 10.2 1.4E-03 1.63 GAD1A, ALDOCA, GAD2, ALDOCB, GLO1

GO:0055114~oxidation-reduction process 11 3.3 1.6E-03 2.00 ZGC:56493, OGDHA, GMPR2, TXN2, PRDX6, TXN, PNPO, ALDH9A1A.1, 
ALDH9A1A.2, MSRB2, SOD2
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Fraction of Cysteine residues as adducts
Protein-Cys

GSH

Proteomic Analysis of Cys adducts (MALDI-TOF)

Acrylamide
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IPR017986:WD40-repeat-containing domain

GO:0007017~microtubule-based process

dre03040:Spliceosome

GO:0003924~GTPase activity

GO:0005874~microtubule

dre04540:Gap junction

GTP-binding

dre04145:Phagosome

dre03013:RNA transport

GO:0005515~protein binding

IPR020902:Actin/actin-like conserved site

Isomerase

GO:0005856~cytoskeleton

Developmental protein

GO:0003677~DNA binding

GO:0006351~transcription, DNA-templated

GO:0006412~translation

GO:0003735~structural constituent of ribosome

IPR011598:Myc-type, basic helix-loop-helix (bHLH) domain

GO:0003700~transcription factor activity, sequence-specific DNA

GO:0006810~transport

IPR012336:Thioredoxin-like fold

GO:0003824~catalytic activity

GO:0055114~oxidation-reduction process

GO:0050727~regulation of inflammatory response

GO:0006836~neurotransmitter transport
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Transmembrane 
transport

Translation

RNA processing and 
metabolism

Protein-protein 
interaction

Inflammatory 
process

Transcription, 
regulation

Development

Tubulin

Catalytic 
activity

Cytoskeleton, cell-cell 
interaction

Redox metabolism

Thioredoxin fold

Neurotransmitter 
transport

GO:0006836~neurotransmitter transport 
GO:0050727~inflammatory response
GO:0055114~oxidation-reduction
GO:0003824~catalytic activity 
IPR012336:Thioredoxin-like fold 
GO:0006810~transport 
GO:0003700~transcription factor
IPR011598:Myc-type, bHLH domain 
GO:0003735~ribosome structure
GO:0006412~translation 
GO:0006351~transcription,
GO:0003677~DNA binding 
Developmental protein 
GO:0005856~cytoskeleton 
Isomerase 
IPR020902:Actin/actin-like
GO:0005515~protein binding 
dre03013:RNA transport 
dre04145:Phagosome 
GTP-binding 
dre04540:Gap junction 
GO:0005874~microtubule 
GO:0003924~GTPase activity 
dre03040:Spliceosome 
GO:0007017~microtubule
IPR017986:WD40-repeat
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Conclusion: A perfect storm. Disruption of metabolites AND enzymatic activities AND structural proteins 

We think a similar mechanism of toxic action may apply to other neurotoxicants, like methyl mercury
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725- Acrylamide is a recognized carcinogen that has strong neurotoxic effects in humans 
and in experimental animals, although the molecular mechanisms underlying these 
neurotoxic effects are not completely understood. We studied acrylamide neurotoxicity in 
the brain of adult zebrafish using an integrated approach that included biochemical, 
transcriptomic (RNAseq), proteomic (MALDI-TOF mass spectrometry) and metabolomic 
(proton-NMR)data. We detected the formation of acrylamide adducts with thiol groups in 
the brain metabolome, and the accumulation of acrylamide conjugates and propionamide 
adducts in Cys residues of proteins. These combined effects resulted in a quasi-complete 
depletion of glutathione and to the inactivation of different components of the thioredoxin 
system. Multi-omic functional analyses identified microtubules, thioredoxin-related proteins, 
transmembrane transport, redox metabolism and catalytic activity, as the cellular functions 
significantly altered by acrylamide in the fish brain. We propose that the combined loss-of-
function of both redox metabolism-related systems configure a perfect storm that explains 
most, if not all, observed acrylamide neurotoxic effects. We derived an Adverse Outcome 
Pathway for acrylamide neurotoxicity at different levels of organization, from molecular 
interactions to behavioral changes. We think our mechanistic approach may be applied to 
other neurotoxicants that may share its toxic mode of action.


