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What is Arsenic?

Ubiquitous, toxic, naturally occurring element

Exists in 4 oxidation states:



Not all Arsenic is Toxic



Toxicological Profile of 

Arsenicals

Luvonga, C., Rimmer C. A., Yu, L. L., Lee S. B., J. Agric. Food Chem. 2020, 68, 943−960



Arsenobetaine

Most abundant Arsenic 

species in shellfish and 

finfish, non-toxic

Arsenate (AsV) Arsenite (AsIII)

Inorganic arsenic (iAs)

Minor component in most seafood, 

known carcinogen

Examples:

MMA: R1=CH3, R2-3=OH

DMA: R1-2=CH3, R3=OH

TMAO: R1-3=CH3

Methylated Arsenicals

Minor constituents of seafood, 

metabolites of iAs, AsSugars & AsLipids

Arsenosugars (AsSugars)

Major arsenic compound in seaweed; 

metabolized by humans

Examples:

AsSugar 328: R=OH

AsSugar 392: R=SO3

AsSugar 408: R=SO4

AsSugar 482: R=OPO3CH2CHOHCH2OH

Arsenic-containing Phospholipids (AsPLs)

Identified in seaweed

R1 = Fatty Acid

R2 = Fatty Acid

Arsenic-containing Phosphatidylcholines (AsPCs)

Identified in Roe

R1 = Fatty Acid; R2 = Fatty Acid

Arsenic-containing 

hydrocarbons (AsHCs)

Identified in fish oils; 

metabolized by humans

Arsenic-containing Fatty Acids (AsFAs)

Identified in fish oils; metabolized by humans



Toxicity Studies of Organoarsenicals



Health Effects of Arsenic Exposure



Development of AsLipids in silico Library



1. AsLipids in Literature 2. Prediction

3. in silico MS/MS Library 4. Assessing utility of spectral library for structure 

annotation



Core Structures of Generic AsLipids Classes

SNo. Class SMILES
R Type

R1 R2 R3

1 AsHCs C[As](C)([R1])=O Hydrocarbon

2 AsFAs C[As](C)([R1])=O
Reverse Fatty 

Acid

3 TMAsFOHs C[As+](C)(C)[R1] Fatty Alcohol

4 DMAsFOHs C[As](C)([R1])=O Fatty Alcohol

5 AsPCs O=P(OCC[As+](C)(C)C)(OCC([R1])C[R2])O Fatty Acid Fatty Acid/ OH

6 AsPEs O=P(OCC[N+]([H])([H])[H])(OCC([R2])C[R1][As](C)(C)=O)O Fatty Acid Fatty Acid/ OH

7 AsSugar-PL
O=P(OCC(COC1OC(C(C1O)O)C[As](C)(C)=O)O)(OCC([R2])C[R1])

O
Fatty Acid Fatty Acid/ OH

8 AsSugar-Phytol OC(C(OC1[R2])C[As](C)(C)=O)C1[R1] CH3O / OH Terpene

9 AsTAG [R3]C([R2])[R1][As](C)(C)=O Fatty Acid Fatty Acid Fatty Acid

10 AsDAG [R3]C([R2])[R1][As](C)(C)=O Fatty Acid Fatty Acid OH



Schema of the Relational Database



AsLipids in silico Web-based Library



Search by Compound Identification



Search by Compound ID Output



Search by Compound – Compound Name



Partial Search Text Matching



Search by Compound - SMILES



Search by Compound – CAS Number



Search by Compound – Molecular Formula



Search by Compound – InChI



Search by Spectral Data



Search by Spectral Data



Search by Spectrum - Visual Output 1



Search by Spectrum – Visual Output 2



Search by Spectrum - Visual Output 3



Search by Spectrum - Visual Output 4



Error Message



Conclusions and Future Perspectives

• More than 270,000 AsLipids structures were predicted and were used to 
generate an in silico spectral search engine, which is in good agreement 
with the experimental data that is reported in literature.

• Work presented here serves as proof of concept of the operation and 
functionality of the AsLipids search engine.

• The tool is deployed on a web-based platform, which enhances the 
usability and accessibility of the system on online.

• Provides a cheaper means of identification of arsenic-containing 
compounds using their tandem mass spectral data.

• The technique for development of the tool is simple, transferable and 
applicable to other analytical fields.
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