
https://doi.org/10.4224/23001467

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=5de4758f-9044-4951-ba26-8347f9fd3a6c

https://publications-cnrc.canada.ca/fra/voir/objet/?id=5de4758f-9044-4951-ba26-8347f9fd3a6c

NRC Publications Archive
Archives des publications du CNRC

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Rapid screening and quantitation of domoic acid in shellfish 

homogenates using laser ablation electrospray ionization mass 

spectrometry (LAESI-MS)
Cantrell, Pamela; Walsh, Callee; Goodman, Haddon; McMarron, Pearse; 
Reeves, Kelley; Rourke, Wade; O'Brien, Sinead; Daniel, G. Beach



Rapid Screening and Quantitation of Domoic Acid in Shellfish Homogenates Using Laser Ablation 

Electrospray Ionization Mass Spectrometry (LAESI-MS)
Pamela Cantrell1, Callee Walsh1, Haddon Goodman1, Pearse McCarron2, Kelley Reeves2, Wade Rourke3, Sinead O’Brien4, Daniel Beach2

1Protea Biosciences, Inc., Morgantown, WV USA, 2National Research Council Canada, Halifax, Nova Scotia, Canada 3Canadian Food Inspection Agency, Dartmouth, Nova Scotia, Canada, 4Marine Institute, Galway, Ireland.

Overview:
Developed LAESI-MS Orbitrap rapid screening method to

quantify domoic acid directly from shellfish homogenates with

minimal sample preparation, comparing results to traditional

LC-UV/LC-MS methods.

Introduction:
Domoic acid is a neurotoxin produced by algal diatoms that

accumulates in shellfish.1 Due to the risk to human health,

regulatory agencies worldwide are tasked with routine testing

upwards of 10,000 shellfish samples per year with a

regulatory limit of 20 mg/kg2. Currently, sample preparation

and LC-UV/LC-MS analysis methods often exceed 30 mins

per sample3,4. A rapid, quantitative screening process would

be beneficial for routine testing during shellfish harvesting

season, especially during an outbreak. Previously reported,

domoic acid was directly analyzed by LAESI-MS/MS in blue

mussel homogenates.5

Here, we report the use of laser ablation electrospray

ionization (LAESI) interfaced to a high resolution/accurate

mass instrument. The goal was to directly analyze shellfish

homogenates and evaluate LAESI-MS as a screening

method to identify samples with greater than 5 mg/kg domoic

acid. In LAESI-MS, tissue homogenates were ablated with a

mid-infrared laser (2.94 µm) at ambient pressure to form a

plume of neutrals that are intercepted by electrospray to

ionize the sample prior to introduction into the mass

spectrometer (Figure 1). The LAESI-MS quantitative results

were compared to traditional LC-UV/LC-MS.

Figure 1: LAESI DP-1000 Direct Ionization System on Q Exactive mass 

spectrometer. The annotated image depicts the critical distances for 

optimal LAESI-MS results. The electrospray emitter is a 5 cm stainless 

steel tip with 320 µm OD and 100 µm ID (New Objective, Woburn, MA).

Methods:
A sample set consisted of 189 shellfish homogenates (clam,

mussel, scallop adductor, scallop gonad, and scallop

remainder), mussel homogenate certified reference

standards, and a six point matrix calibration curve, 1-40

mg/kg of domoic acid per tissue type. High resolution

accurate mass spectrometric methods were developed for

targeted select ion monitoring (SIM) and MS/MS using matrix

reference materials. Method development and rapid

quantitative screening were performed using LAESI DP-1000

Direct Ionization System connected to a Q Exactive (Thermo

Scientific) mass spectrometer. A total of 50 laser pulses (mid-

IR 2940 nm) at 10-20 Hz and 700 µJ laser energy ablated

the 20 µL tissue homogenate directly in a shallow 96-well

plate. The LAESI quantitative results were compared to LC-

UV/LC-MS methods. Domoic acid (m/z 312.1440) average

peak height was used to quantitate domoic acid.

Matrix Matched Calibration Curves:

Conclusions:
• LAESI-MS performed well as a robust high-throughput

rapid screening tool between 1 and 200 mg/kg domoic

acid in a variety of shellfish homogenate matrices.

• LAESI-MS required very minimal sample preparation for

direct analysis.

• Over 2,500 shellfish samples were analyzed in triplicate

over 2 days. Analysis time per sample was 30 seconds.

• LAESI Bridge software (Gubbs v8.4.32) could be used to

rapidly extract average signal intensity for rapid

quantitation of up to 11 m/z per analysis.

• This technique could result in significant cost and time

savings for testing labs and expand their capacity during

periods of unusually high sample volume, such as the

2015 Pseudo-nitzschia bloom on the west coast of North

America.
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Figure 2: LAESI-MS method optimization on mussel homogenate. High 

mass resolution was required to resolve an interfering peak using the 

SIM scan mode(above). Targeted-SIM provided the greatest sensitivity 

with LOD of 1 mg/kg with an Orbitrap mass resolution setting of 

140,000 to resolve a mussel homogenate matrix ion.
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Figure 3: Rapid analysis of domoic acid in shellfish homogenates. 

A) Overall shellfish sample analysis workflow for LAESI-MS and 

traditional LC-UV/LC-MS. 

B) LAESI-MS matrix matched calibration curves per homogenate 

sample matrix type over 1-40 mg/kg range. The LOD of domoic 

acid per matrix is reported here includes the 1:1 dilution factor 

used in sample preparation. Matrix matched 5 mg/kg domoic acid 

was analyzed throughout the analyses as a quality control and the 

precision is reported here as %RSD.

C) Extracted ion chronogram (XIC) of LAESI-MS analysis of domoic 

acid m/z 312.1440. The green trace depicts the LAESI laser 

analog at each well 50 pulses at 10-20 Hz. 

D) LAESI-MS comparison to LC-UV and LC-MS. The overall 

correlation coefficient was calculated to have R2 0.89 for the linear 

regression between LAESI-MS and LC-UV/LC-MS techniques. All 

samples (n=17) above the 20 mg/kg regulatory action level (red 

line) were correctly identified by LAESI-MS. Eight false positives 

were incorrectly identified by LAESI-MS to be above 5 mg/kg (4% 

false positive rate). 
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Figure 6: LAESI-MS/MS analysis 

domoic acid (targeted m/z 312.15, 

HCD35) 20 µg/g neat standard in 96 

wells. A) LAESI-MS/MS average 

spectrum from representative well 

analysis, with product ions denoted 

with red arrows. B) LAESI Bridge 

(Gubbs software v8.4.32) is Excel 

based that can rapidly extract up to 11 

m/z intensities per well per analysis. 

A) B)

Tissue Matrix
LODa

(mg/kg)

Precision of Matrix 

Standard %RSD

R2 of Matrix Matched 

Calibration Curve

Scallop Adductor 0.50 27 (N = 13) 0.994

Scallop Gonad 1.6 38 (N = 18) 0.980

Scallop Remainder 0.62 38 (N = 12) 0.980

Clam 0.24 44 (N = 13) 0.9992

Mussel 1.1 36 (N = 22) 0.9991
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