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ISSC Method Application Format for Biotoxin Methods: Method Modification

Critical Information:

Applicants shall attach all procedures, with materials, methods, calibrations and interpretations
of data with the request for review and potential approval by the ISSC. The ISSC also
recommends that submitters include peer-reviewed articles of the procedure (or similar
procedures from which the submitting procedure has been derived) published in technical
journals with their submittals. Methods submitted to the ISSC Laboratory Committee for
acceptance will require, at a minimum, 6 months for review from the date of submission.

Note:
The applicant should provide all information and data identified above as well as the following
material, if applicable:

Method Overview

Name of the New Method:
Modified Application of Receptor Binding Assay to Mussels Monitoring for Paralytic Shellfish
Poison using Porcine Brain Membrane Preparation

Specify the Type of Method (e.g., Chemical, Molecular, or Culture):

Molecular. The RBA is a functional assay, whereby toxins present in the standard/sample bind
to sodium channel preparations in the assay. Radiolabeled toxins are added to solution to
compete with toxins present in the standard/sample for binding sites, and thus a decrease in
signal from radiolabeled toxins represents a higher standard/sample concentration. This
competitive RBA allows for quantitation that directly relates to the composite toxicity of the
sample.

Name of Method Developer / Submitter:
Shelley Lankford, Washington State Department of Health Public Health Laboratories, Biotoxin
Laboratory and WA DOH Shellfish Program

Tod Leighfield & Kelly Cusick, NOAA, National Ocean Service, Hollings Marine Lab

Developer / Submitter Contact Information [e.g., Address and Phone Number(s)]:
Shelley Lankford, Washington State Department of Health Public Health Laboratories, Biotoxin
Laboratory and WA DOH Shellfish Program

Tod Leighfield: 331 Fort Johnson Rd, Charleston, SC 29412 and 843-580-8154

Date of Submission:
September 26™, 2026

Purpose and Intended Use of the Method:

The receptor binding assay (RBA) is intended for use as an NSSP Approved Method for the
quantitative assessment of paralytic shellfish poison (PSP) in mussels using porcine brain
membrane preparation. The application of this project is specifically intended for use in
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regulatory laboratory settings. The RBA as described herein serves as an alternative to the rat
brain membrane preparation in these applications by utilizing commercially available porcine
brain, which is a readily available byproduct of the food industry. The assay achieves a reliable
measure of integrated toxicity with high throughput, while successfully eliminating the need for
dedicated sourcing of rat brains and the need for local laboratory animal euthanasia, this reduces
preparation effort and costs.

Need for the New Method in the NSSP, Noting Any Relationships to Existing Methods:
There is an acknowledged need for this method in the NSSP. Even though the MBA, PCOX, and
RBA methods have been respectively NSSP Approved and Approved for Limited Use, there
remains a need for the proposed method. The RBA would provide an alternative to (1) the MBA,
which uses live animals, (2) the PCOX method, which requires costly equipment and skilled
personnel and offers low throughput, (3) the RBA method, which requires direct laboratory
animal euthanasia to prepare rat brain receptors and also results in higher preparation costs.

Method Limitations and Potential Indications of Cases Where the Method May Not Be
Applicable:
n/a

Other Comments

Method Documentation

Method Title:

Modified Application of a Receptor Binding Assay to Mussels Monitoring for Paralytic
Shellfish Poison using Porcine Brain Membrane Preparation

Method Scope:

The RBA provides a high throughput, sensitive, accurate, quantitative assay for PSP toxins in
shellfish. The method is being submitted for consideration as an NSSP Approved Method for the
purposes of screening for PSP toxicity using porcine brain homogenate as the receptor source
instead of rat brain homogenate.

References:

Van Dolah et al. 2009. Single-laboratory validation of the microplate receptor binding assay for
paralytic

shellfish toxins in shellfish. Journal of AOAC International 92(6): 1705-1713. See Appendix II.

Van Dolah et al. 2012. Determination of paralytic shellfish poisoning toxins in shellfish by
receptor binding assay: Collaborative study. Journal of AOAC International 95(3): 795-812. See
Appendix II1.

OMA 2011.27. AOAC Official Method 2011.27 Paralytic shellfish toxins (PSTs) in shellfish,
receptor binding assay. In Official Methods of Analysis of AOAC International.
http://www.eoma.aoac.org. See Appendix IV.
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Principle:

This PSP receptor binding assay is based on the interaction between the toxins and their native
receptor, the voltage-gated sodium channel. All paralytic shellfish toxins (PSTs) bind to site 1 of
the voltage-gated sodium channels relative to their affinity to the channel (receptor). These
affinities are a primary driver of in vivo toxicity and the read-out of the RBA, results in a
measure of integrated potency (independent of knowing which toxin congeners are present)
similar to mouse intraperitoneal potency. In the RBA, tritiated saxitoxin (3H-STX) competes
with unlabeled PSTs in a shellfish extract for a finite number of available receptor sites in a
brain membrane preparation. After a binding equilibrium is reached, unbound 3H-STX is
removed by filtration and the remaining 3H-STX is measured with a scintillation counter
(measured as counts per minute or CPM). The amount of 3H-STX present is indirectly related to
the quantity of unlabeled PSTs in the sample. This output is compared to a standard curve
prepared from saxitoxin dihydrochloride and is reported at saxitoxin dihydrochloride equivalents
agnostic to the specific PSP congener composition of the extract.

Analytes/Measurands:

The target analytes are paralytic shellfish toxins (PSTs), with NIST Saxitoxin Dihydrochloride
(RM 8642a) serving as the certified reference standard for generating calibration curves and
spikes for shellfish samples.

The target measurand includes mussels, including blue mussels (Mytilus edulis) and California
mussels (Mytilus californianus)

Proprietary Aspects:
None. All reagents can be prepared or purchased.

Equipment:
(Provide a list of specialized equipment needed to perform the method.)
The following list identifies the equipment and supplies needed for conducting the RBA.

For the assay:
(a) Microplate Scintillation counter suitable for measuring low counts of trittum (<1000dpm)

(e.g. MicroBeta from Revvity)

(b) An 8-channel pipettor (5-200 ul variable volume and disposable tips)

(c) Micropipettors (1-1000 pl variable volumes and disposable tips)

(d) 96-well microtitre filter plate (1 um pore size type GF/B glass fiber filter/0.65 um pore size
Durapore support membrane (MilliporeSigma; Cat. No. MSFB N6B 50)

(e) MultiScreen vacuum manifold (MilliporeSigma; Cat. No. NSVMHTSO00)
(f) Vacuum pump

(g) Centrifuge tubes (15 and 50 ml, conical, plastic)

(h) Mini dilution tubes in 96-tube array

(1) Reagent reservoirs

(j) Ice bucket and ice

(k) Vortex mixer

(1) Sealing tape (Millipore; Cat. No. MATA HCLO00)

(m) Volumetric flask or graduated beaker (1 L) (for buffer preparation)
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(n) -80 °C freezer
(o) Refrigerator
(p) pH meter (for buffer preparation)

For sample extraction:

(q) Blender or homogenizer for sample homogenization
(r) Pipets

(s) Centrifuge tubes (15 ml, conical, plastic)

(t) pH meter or pH paper

(u) Hot plate or water bath

(v) Graduated centrifuge tubes (15 ml)

(w) Centrifuge and rotor for 15 ml tubes

Reagents:

(Provide a list of specialized chemicals, reagents, etc. needed to perform the method.)

For the assay:

(a) STX diHCI standards (NIST RM 8642a; National Institute of Standards and Technology;
www.nist.gov) [This is the same standard used for the MBA]

(b) 3H-STX (0.05 mCi per ml, >10 Ci per mmol, >90% radiochemical purity; American
Radiolabeled Chemicals, St. Louis, MO)

(c) 3-Morpholinopropanesulfonic acid (MOPS; Sigma; St. Louis, MO; Cat. No. M3183-500G
[or equivalent])

(d) Choline chloride (Sigma; Cat. No. C7527-500G [or equivalent])

(e) ultrapure water (MilliQ or equivalent)

For microplate counter only:
() Ultima Gold liquid scintillation cocktail (Revvity.; Waltham, MA; Cat. No. 6013321 [or
equivalent])

For sample extraction:

(g) Hydrochloric acid (HCI; 1.0 and 0.1 N)
(h) Sodium hydroxide (0.1 N)

(1) Water (distilled or deionized [18 pn€Q])

Media:
None.

Matrix or Matrices of Interest:
Mussels: Blue mussel (Mytilus edulis) and California mussel (Mytilus californianus)

Sample Collection, Preservation, Preparation, Storage, Cleanup, etc.

A representative shellfish sample should include 12 market size organisms pooled together
(should be at least 100 g). Clean the outside of shellfish with running tap water. Open the shell
by cutting into the adductor muscle, being careful to not cut or damage the viscera.

Rinse the inside to remove sand and dirt and remove tissue from ~12 organisms. Collect the
tissue on a number 10 sieve and allow to drain for ~5 minutes. Remove any obvious pieces of
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shell or debris. Transfer meat to blender or homogenizer and blend until homogeneous. This
homogenate is then extracted for toxins. For the detailed sample extraction procedure see
Sample Extraction in Appendix A. Shellfish homogenates must be tested immediately or stored
frozen prior to analysis. Saxitoxin standards must be stored refrigerated and 3H-STX must be
stored at -70 °C. The rat brain preparation can be produced in bulk, partitioned into aliquots, and
stored long-term at -70 °C until use.

Safety Requirements:

(Describe the safety measures, beyond those of routine laboratory practices, required to perform the
method, including personal protective equipment, fume hoods, etc.)

General safety requirements (e.g., personal protective equipment including gloves, safety
glasses, and laboratory coat) for working with toxins, biological reagents, and low-level
radioactive material must be followed. Users must be trained in and follow all in-house safety
procedures for working with toxins and radiolabeled materials. Although low levels of radiation
are used for this assay, sometimes under an NRC exemption clause for the ARC sourced
3HSTX, users must follow all local, state and federal laws and procedures regarding the receipt,
use, and disposal of radioisotopes. Please see Appendix B for further safety requirements.

Other Information (Cost of the Method, Special Technical Skills Required to Perform the
Method, Special Equipment Required and Associated Cost, Abbreviations and Acronyms
Defined and Details of Turn Around Times [Time Involved to Complete the Method]):

The estimated cost per 96-well plate assay is ~$235. Including standards and samples with
triplicate measurements (as well as three dilutions per sample [ranging from 3.5-600 pg STX eq
100 g-1] to ensure the unknown samples fall within linear range of assay), the cost per sample
for quantitation would be ~$35. If running multiple plates or in screening mode, sample costs
would be reduced. A microplate scintillation counter is needed and the cost is ~$70-250K for a
new counter, depending on the brand and number of simultaneous detectors. However, used
instruments can be purchased for ~$13K.

Microplate scintillation counting provides the ability to test multiple samples simultaneously
with a turnaround time for data in approximately 3 hours. Up to four plates per analyst are
possible in one day, yielding a throughput of at least 36 samples per day.

Test Procedures, (Be Specific and Provide Easy-to-Follow Step-by-Step Procedures and
indicate critical steps.):

The protocol is very clear and easy to follow. Please see the detailed protocol below in Appendix
A.

Quality Control (Provide Specific Steps):
Quality control steps are in place to determine if assay results are acceptable:

(a) The slope of the standard curve must be between - 0.8 and -1.2 (theoretical slope is -1). If the
slope of a standard curve from a given assay falls outside of this range, the data should be
considered unacceptable and the assay must be rerun.
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(b) The RSDs of triplicate counts per minute (CPMs) for the standards must be below 30%.

(c) If the IC50 (inhibitory concentration at which CPM is 50% max) is out of the acceptable
range (1.75 nM £ 30%), the data should be considered unacceptable and the assay should be
rerun.

(d) A QC sample should always be included on each plate and found to be in range. Typically, a
1.8 x 10-8 M STX concentration (3 nM STX in-well concentration) is run as a QC and the
measured value should be within 30% of the expected concentration. Results outside of this
range should trigger consideration of assay acceptance. The following criteria must be met to
accept sample measurement:

(e) For sample measurement, quantitation should only be done on sample dilutions that fall
within the linear range. As such, binding (B, measured as counts per minute) scaled by the
maximum binding (Bo) should be between 0.2-0.7 for sample quantitation to be performed (any
sample falling outside of this range is considered out of the dynamic range). If B/Bo > 0.7, the
concentration is too low to be quantified and should be reported as below the limit of detection
(LOD). If B/By < 0.2, the sample should be diluted and rerun if quantitation is needed.

(f) The RSDs for the sample CPMs should be < 30%. These quality control criteria are also
stated in section H in Appendix IV.

(g) The calculated ‘top’ value (0 nM STX in-well concentration) must be greater than 1,000
CPM. This threshold is required to maintain an adequate signal-to-noise ratio and a sufficient
dynamic range, both of which are essential for accurate curve fitting and reliable ICso
determination.

Validation Criteria (Include Accuracy / Trueness, Measurement Uncertainty, Precision
[Repeatability and Reproducibility], Recovery, Specificity, Working and Linear Ranges,
Limit of Detection, Limit of Quantitation / Sensitivity, Ruggedness, Matrix Effects and
Comparability (if intended as a substitute for an established method accepted by the
NSSP).

Please see below for Specificity, Ruggedness, and Comparability results.

Data and Statistical Analyses Performed for Each Validation Criterion Tested (Be Specific
and Provide Clear Easy-to-Follow Step-by-Step Procedures.).

Please see below for SOP 1, 2, and 3 for data and statistical analyses completed for Specificity,
Ruggedness, and Comparability, respectively.

Calculations and Formulas Used for Each Validation Criterion Tested.

Please see below for calculations and formulas used for Specificity, Ruggedness, and
Comparability criterions.
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Results for Each Validation Criterion Tested.

Please see below for results for Specificity, Ruggedness, and Comparability criterions.

Discussion of Each Validation Criterion Tested.

Please see below for discussion for Specificity, Ruggedness, and Comparability criterions.

Summary of Results.

This validation study evaluates replacing the standard rat brain membrane preparation with a
commercially prepared porcine brain membrane preparation in the Receptor Binding Assay
(RBA) for Paralytic Shellfish Toxins (PSTs). Across 120 paired naturally incurred mussel
samples, the porcine preparation demonstrated near-perfect correlation with the rat preparation
(R?=0.99). Although a standard paired t-test detected a minor systematic offset where the rat
preparation read 5.7% higher on average (+0.024 log units), a Two One-Sided Test (TOST)
confirmed that this difference falls cleanly within the predefined biological equivalence bounds
of £20%. Furthermore, the assay proved highly rugged against routine batch-to-batch reagent
variation (t(9)=-0.254, p > 0.05) and demonstrated high specificity, showing no significant
interference in the presence of co-occurring domoic acid (Slavg = 1.01, p > 0.05).

Additional Requirement:

If a laboratory method is found acceptable for use in the National Shellfish Sanitation Program
and adopted by the Interstate Shellfish Sanitation Conference, the method submitter will draft a
laboratory checklist that can be used to evaluate laboratories performing their procedure. The
checklist will be submitted to the ISSC and reviewed by the Laboratory Quality Assurance
Committee for Conference approval as a modified version of the existing checklist.

(For guidance: refer to the checklists in the National Shellfish Sanitation Program Guide for the
Control of Molluscan Shellfish 2017, Guidance Documents, Chapter II — Growing Areas, .15
Evaluation of Laboratories by State Laboratory Evaluation Officers Including Laboratory
Evaluation

Checklists.)
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Background:

This submission follows the proposal for extending the Receptor Binding Assay (RBA) to
multiple shellfish matrices. The current RBA method uses a rat brain membrane preparation; the
proposed method modification replaces the rat brain membrane with a porcine brain membrane
preparation. The use of porcine brain membrane homogenate also offers both economic and
operational advantages over the current rat brain preparation, provided the porcine preparation
demonstrates comparable assay performance. Based on the current testing volume of
approximately 1,500 samples over six months at the Washington State Department of Health
(WADoH), the porcine preparation costs approximately $0.50 per sample compared with
approximately $1.00 per sample for the rat preparation, resulting in an estimated direct savings
of $750 over six months. Importantly, the $1.00 per-sample cost for the rat preparation accounts
only for direct material costs, including MOPS, rat brains, cryovials, PMSF, and choline
chloride, and does not include additional labor, equipment use, consumables, or time required to
prepare the rat brain homogenate. In contrast, the commercially prepared porcine brain
membrane homogenate substantially reduces the preparation burden and has the potential to
provide greater consistency and standardization while reducing dependence on animal sourcing
and in-house tissue preparation. Therefore, if the porcine preparation demonstrates comparable
receptor-binding performance, sensitivity, precision, and QC results to the rat preparation, its use
represents a more cost-effective, deployable, and operationally efficient approach for routine
PSP testing while maintaining the analytical purpose and performance of the RBA.

A total of 641 mussel samples were collected for this project, including both samples with
little to no detectable PSP-toxins and with PSP-toxins detected using the mouse bioassay (MBA).
The ‘blank’ materials used in the study contained very low, but still detectable, PSP-like activity,
ranging from less than 2 ng STX/100 g of shellfish tissue to approximately 10 pg STX/100 g of
shellfish tissue. Initial screening using the MBA (limit of detection ~40 ng STX/100g of
shellfish tissue) identified negative samples, which were subsequently re-screened using a
modified RBA with a lower limit of detection of ~2 ug STX/100 g. To achieve the required
quantity for the validation study, the identified ‘blank’ materials were combined to produce the
11 homogenates with 41 sub-aliquots needed for spikes at 1/2x 1x, and 2x the regulatory limit
(80 ug STX/100 g of shellfish tissue) for the shellfish matrix as shown in the study design
(Figure 1). The ‘blank’ sample for each homogenate served as a reference blank to be subtracted
from the spiked sub-aliquots after performing RBA to ensure accuracy in measured spiked
samples (RBA-Blank)

In total, 403 of 641 PSP samples were below the MBA’s limit of detection from Washington
state and were re-screened using a modified extraction procedure (0.5 g sample + 0.5 mL 0.1 N
HCI) (Figure 2). For the study, 17 samples were selected for inclusion. While 396 samples were
not used for the study, but they are currently being stored in the NOAA Hollings Marine
Laboratory’s freezer inventory for future studies (Charleston, SC).
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Figure 1. Method Modification study design showing allocation of 121 samples for mussels to meet three
validation data criteria: ruggedness (blue), specificity (orange), and comparability (green).
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Figure 2. A total of 403 samples from mussel matrix that tested negative for toxins using the MBA (limit
=45 ng STX/100 g shellfish tissue) were re-screened with a modified RBA to identify “blank” samples
for spiking in homogenates for the Method Modification study. Average PST values (indicated by the red
dashed line) for mussels is 9.1 pg STX/100 g shellfish tissue. Only 17 samples were selected and used for
the study (blue), while the remaining samples (n= 396; yellow) are stored at the Hollings Marine
Laboratory, Charleston, SC.

Samples were collected across Washington State over various harvest days, locations,
and calendar seasons. Seasons were defined as follows: Spring (March 20—June 20), Summer
(June 21-September 21), Fall (September 22—December 20), and Winter (December 21-March
19). To obtain the required tissue weight for each homogenate, multiple individual samples
collected within 30-days in the same season were combined prior to spiking. Meeting the
requested sample size for each season to satisfy the comparability criteria for naturally incurred
PSP positive samples was challenging because PSP levels during the winter season were
consistently below the MBA limit of detection and therefore unavailable to use for this study.
For this study, 120 samples were collected and analyzed, including 87 summer, 20 fall, 13
spring, and 0 winter samples. Although the target of 30 paired samples per season was not
achieved, the overall sample-size requirement was met. The seasonal imbalance was attributable
to the naturally occurring distribution of PSP and the associated limitations in obtaining spring,
fall, and winter samples, rather than insufficient sample effort. The available samples provide
broad representation across harvest dates, location, and seasons and are considered adequate to
evaluate the conditions relevant to the comparability criteria (Table 1).
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Table 1. Summary of mussel tissue samples (blue mussels and California mussels) collected across
Washington sites from 2019 to 2025, categorized by group, location, and season. Group letter represents
the spiked samples while group number represents the naturally incurred samples.

Group Collection
Letter/ Shellfish Matrix Location Season
Number Date
A blue mussel South King County, King 6/23/2023 Summer
B blue mussel Port Ludlow, Jefferson 5& 6/2023  Spring
C blue mussel Possession Sound, Snohomish 5 & 6/2023 Spring
D blue mussel Nisqually Reach, Thurston 5& 6/2023  Spring
E blue mussel Narrows, Pierce 6/1//2023 Spring
F blue mussel West Bainbridge, Kitsap 6/22/2023  Summer
G blue mussel Sinclair Inlet, Kitsap 6/22/2023 Summer
H blue mussel Budd Inlet, Thurston 6/23//2023 ~ Summer
I blue mussel North King County, King 6/23/2023 ~ Summer
J blue mussel Liberty Bay, Kitsap 6/21/2023  Summer
K blue mussel Case Inlet, Mason 5-6/2023 Spring
21-1 blue mussel Kingston Mariana, Kitsap 8/4/2025 Summer
62-1 blue mussel Discovery Bay, Jefferson 7/30/2025 Summer
67-1 blue mussel Ediz Hook, Clallam 7/16/2025  Summer
71-1 blue mussel Fossil Bay, San Juan 8/7/2024 Summer
72-1 blue mussel Semiahmoo Mariana, Whatcom 5/21/2024 Spring
73-1 California mussel Freshwater Bay, Clallam 8/6/2024 Summer
74-1 California mussel Grays Harbor Coast, Grays Harbor 5/22/2024 Spring
75-1 blue mussel Fossil Bay, San Juan 7/23/2024 Summer
76-1 California mussel Clallam Bay, Clallam 7/8/2024 Summer
77-1 blue mussel Port Ludlow, Jefferson 7/1/2024 Summer
78-1 blue mussel Sequim Bay, Clallam 8/26/2024  Summer
79-1 blue mussel Cape George, Clallam 6/25/2024 Summer
80-1 blue mussel Anacortes Marina, Skagit 7/17/2024 ~ Summer
81-1 blue mussel Bellingham Bay, Whatcom 6/19/2024 Spring
82-1 California mussel Long Beach, Pacific 6/10/2024 Spring
83-1 blue mussel Silverdale, Kitsap 10/21/2024 Fall
84-1 California mussel South Jetty, Grays Harbor 6/6/2024 Spring
85-1 California mussel Mocrocks Area, Grays Harbor 6/2/2024 Spring
86-1 blue mussel Squalicum Harbor, Whatcom 10/21/2024 Fall
87-1 blue mussel Sequim Bay, Clallam 10/28/2024 Fall
88-1 blue mussel Ediz Hook, Clallam 11/6/2024 Fall
89-1 California mussel Neah Bay, Clallam 10/28/2024 Fall
90-1 California mussel South Jetty, Grays Harbor 5/30/2024 Spring
91-1 blue mussel Sequim Bay, Clallam 11/4/2024 Fall
92-1 California mussel Willapa Bay, Pacific 6/5/2024 Spring
93-1 California mussel Makah Bay, Clallam 6/11/2024 Spring



94-1

95-1

96-1

97-1

98-1

99-1

100-1
101-1
102-1
103-1
104-1
105-1
106-1
107-1
108-1
109-1
110-1
111-1
112-1
113-1
114-1
115-1
116-1
117-1
118-1
119-1
120-1
121-1
122-1
124-1
126-1
127-1
128-1
129-1
130-1
131-1
132-1
133-1
134-1
135-1
136-1
138-1
139-1

blue mussel

California mussel

blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel

California mussel

blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel

California mussel

blue mussel
blue mussel
blue mussel
blue mussel

California mussel

blue mussel
blue mussel
blue mussel

Rosario Point, San Juan
Neah Bay, Clallam
Rosario Point, San Juan
Squalicum Harbor, Whatcom
Poulsbo Marina, Kitsap
EPA Lab Dock, Kitsap
Penn Cove, Island
Utsalady Bay, Island
Brownsville, Kitsap
South Egler Bay, Island
Dockton, King
Ediz Hook, Clallam
Dockton, King
Port Orchard Marina, Kitsap
Silverdale, Kitsap
Utsalady Bay, Island
Quartermaster Harbor, King

Port Washington Marina, Kitsap

Kingston Marina, Kitsap
Gig Harbor, Pierce
Poulsbo Marina, Kitsap
Poulsbo Marina, Kitsap
South Egler Bay, Island
Brownsville, Kitsap
Brownsville, Kitsap
Penn Cove, Island
Bay Center Dock, Pacific
Discovery Bay, Jefferson
Kingston Marina, Kitsap
Penn Cove, Island
South Lopez, San Juan
President Channel, San Juan
President Channel, San Juan
Kingston, Kitsap
East Straits, Clallam
Sequim Bay, Clallam
Port Susan, Island
East Bainbridge, Kitsap
West Fidalgo Island, Skagit
Oregon
Port Townsend, Jefferson
Sequim Bay, Clallam
Lopez Sound, San Juan

10/16/2024
11/12/2024
12/2/2024
6/10/2024
8/4/2025
8/4/2025
7/28/2025
7/27/2025
7/14/2025
7/16/2025
7/28/2025
7/31/2025
7/2/2025
8/11/2025
8/4/2025
8/6/2025
8/4/2025
8/11/2025
7/15/2025
8/7/2025
7/14/2025
7/28/2025
7/28/2025
7/28/2025
8/4/2025
8/3/2025
7/2/2025
8/4/2025
7/28/2025
7/24/2025
8/9/2024
8/9/2024
8/23/2024
9/12/2023
8/21/2024
9/18/2024
8/22/2024
6/18/2024
7/25/2024
6/25/2024
8/28/2024
9/8/2023
8/23/2024
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Fall

Fall

Fall

Spring
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Spring

Summer
Summer
Summer
Summer
Summer



140-1
141-1
142-1
143-1
144-1
145-1
146-1
147-1
148-1
149-1
150-1
151-1
152-1
153-1
154-1
155-1
156-1
157-1
158-1
159-1
160-1
161-1
162-1
163-1
164-1
165-1
166-1
167-1
168-1
169-1
170-1
171-1
172-1
173-1
176-1
177-1
178-1
179-1
180-1
181-1
182-1
183-1
184-1

blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel

California mussel

blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel

California mussel

blue mussel
blue mussel
blue mussel
blue mussel

West Sound, San Juan
Kilisut Harbor, Jefferson
Kilisut Harbor, Jefferson
Hood Canal #3, Jefferson

Penn Cove, Island

Birch Bay, Whatcom
Saratoga Passage, Island

Eagle Harbor, Kitsap

Sequim Bay, Clallam

Kingston, Kitsap

Sequim Bay, Clallam

Sequim Bay, Clallam

Clallam Coast, Clallam

Sequim Bay, Clallam

Port Susan, Island
Saratoga Passage, Island

Sequim Bay, Clallam

Saratoga Passage, Island
Liberty Bay, Kitsap
Bellingham Bay, Whatcom

Port Ludlow, Jefferson

Sequim Bay, Clallam

Sequim Bay, Clallam
Discovery Bay, Jefferson

Penn Cove, Island
Saratoga Passage, Island
Lopez Sound, San Juan

Sequim Bay, Clallam

Kingston, Kitsap
San Juan Channel, San Juan
Kilisut Harbor, Jefferson
West Fidalgo Island, Skagit
Kingston, Kitsap
Kingston, Kitsap
Sequim Bay, Clallam
Liberty Bay, Kitsap
Sequim Bay, Clallam
Bellingham Bay, Whatcom
Grays Harbor Coast, Grays Harbor
Discovery Bay, Jefferson

Port Ludlow, Jefferson

Sequim Bay, Clallam

Port Ludlow, Jefferson

8/23/2024
7/26/2024
8/28/2024
8/27/2024
8/19/2024
8/7/2024
8/29/2024
7/14/2025
9/7/2022
8/19/2024
10/25/2022
8/27/2024
10/1/2019
10/18/2022
8/1/2024
8/5/2024
9/11/2023
8/14/2024
9/30/2019
6/19/2024
8/30/2021
10/25/2022
8/23/2021
7/30/2024
7/17/2025
7/23/2024
7/23/2024
9/15/2022
9/18/2023
8/22/2024
8/19/2024
9/3/2024
9/13/2021
8/12/2024
10/1/2019
8/14/2023
10/2/2019
8/29/2024
8/3/2023
10/4/2021
6/5/2023
9/23/2024
8/16/2021
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Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Fall
Summer
Fall
Fall
Summer
Summer
Summer
Summer
Fall
Spring
Summer
Fall
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Fall
Summer
Fall
Summer
Summer
Fall
Spring
Fall
Summer



185-1
186-1
187-1
188-1
189-1
190-1
191-1
192-1

California mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel
blue mussel

West Straits, Clallam
East Sound, San Juan
East Straits, Clallam
East Straits, Clallam
Sequim Bay, Clallam
Drayton Harbor, Whatcom
Sequim Bay, Clallam
Bellingham Bay, Whatcom

10/6/2021
8/9/2022
9/11/2024
8/17/2021
11/1/2022
9/7/2021
9/6/2022
7/28/2022
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Fall
Summer
Summer
Summer

Fall
Summer
Summer
Summer
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IX. #1 SOP for the Single Laboratory Validation of New or Modified Analytical Methods Intended
as Alternatives to Officially Recognized NSSP Methods — Comparing Methods

VALIDATION CRITERIA

Comparability is the acceptability of a new or modified analytical method as a substitute for an
established method in the NSSP. To be acceptable the new or modified method must not produce a
significant difference in results when compared to the officially recognized method. Comparability must
be demonstrated for each substrate or tissue type of interest by season and geographic area if applicable.

Comparison of Methods:
New or modified methods demonstrating comparability to officially recognized methods must not
produce significantly different results when compared

Procedure to compare the new or modified method to the officially recognized method: This
procedure is applicable for use with either growing waters or shellfish tissue. For each shellfish type of
interest use a minimum of 10-12 animals per sample. For each sample take two (2) aliquots and analyze
one by the officially recognized method and the other by the alternative method. Actual samples are
preferable; but, in cases where the occurrence of the analyte/measurand/organism of interest is
intermittent (such as marine biotoxins), spiked samples can be used. Samples having a variety of
concentrations which span the range of the method’s intended application should be used in the
comparison. Analyze a minimum of thirty (30) paired samples for each season from a variety of growing
areas for a total of at least 120 samples over the period of a year for naturally incurred samples. For
spiked samples analyze a minimum of ten (10) samples for each season from a variety of growing areas
for a total of at least 40 samples over the period of a year.

Data:

Sample type

Date  Sample/Station #  Conc. Recognized method  Conc. Alternative Method
1
2
3
4
5
6
7
8
9
10
n

n is the last sample in the comparison
For shellfish samples, repeat for each tissue type of interest
Data handling to compare the new or modified method to the officially recognized

Two methods of analysis are considered to be comparable when no significant difference can be
demonstrated in their results. To determine whether comparability in methods exists, a two-sided t-test at
a significance level (o) of .05 will be used to test the data. Either a paired t-test or Welch’s t-test will be
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used depending upon the shape of the distributions produced by the data for each method and their
respective variances. Use log transformed data for the results obtained from microbiological methods.
The appropriate t-test to be used for the analysis is determined in the following manner.

1. Test the symmetry for the distribution of results from both the officially recognized analytical
method and the proposed alternative analytical method.

2. Calculate the variance of the data for both the officially recognized analytical method and the
proposed alternative analytical method.

3. Values for the test of symmetry for either method outside the range of -2 to +2 indicate a
significant degree of skewness in the distribution.

4. A ratio of the larger of the variances of either method to the smaller of the variances of either
method >2 indicates a lack of homogeneity of variance.

5. Use either the paired t-test or Welch’s t-test for the analysis of the data based on the following
considerations.

« If the distribution of the data from the officially recognized analytical method and the
proposed alternative analytical method are symmetric (within the range of -2 to +2) and
there is homogeneity of variance use a paired t-test for the data analysis.

« Ifthe distributions of the data for both analytical methods are symmetric (within the
range -2 to +2) but there is a lack of homogeneity of variance in the data, use Welch’s t-
test for the analysis of the data.

» If the distributions of the data from the officially recognized and proposed alternative
analytical methods are skewed (outside the range -2 to +2) and the skewness for both
methods is either positive for both or negative for both and there is homogeneity of
variance in the data, use the paired t-test for the analysis of the data.

« Ifthe distributions of the data from the officially recognized and the proposed alternative
analytical methods are skewed and the skewness for both analytical methods is either
positive or negative for both but the data lacks homogeneity of variance, use Welch’s t-
test to analyze the data.

Data summary for the comparison of the new or modified method to the officially recognized
method:

Value for the test of symmetry for the distribution of the data generated by the officially recognized
method RBA with Rat Brain Membrane Preparation = 0.55

Value for the test of symmetry for the distribution of the data generated by the proposed alternative
method RBA with Porcine Brain Membrane Preparation = 0.44

Variance of the data generated from the officially recognized analytical method _RBA with Rat Brain
Membrane Preparation = 0.23

Variance of the data generated from the proposed alternative analytical method _RBA with Porcine
Brain Membrane Preparation = 0.22

Ratio of the larger to the smaller of the variances generated by the officially recognized and proposed
analytical methods 1.02

Is there a significant difference between the analytical methods Y/N —> paired t-test results: t =3.74, p
=0.00028, df =119
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Following the data handling procedure and utilizing log-transformed data, the initial
paired t-test confirmed a significant difference between porcine and rat brain membrane
preparations (t(119) = 3.74, p<0.001). This result is primarily an artifact of high statistical power
from the large sample size (n=120) rather than a meaningful biological discrepancy. In null
hypothesis significance testing (NHST), a paired t-test evaluates whether the mean difference
between two methods is zero. Consequently, as sample size increases, the standard error
decreases, resulting in large a t-value and a correspondingly small p-value; therefore,
biologically irrelevant differences will likely reject the null hypothesis. Because a t-test evaluates
difference rather than functional equivalence, relying on it alone risks an inappropriate rejection
of a method substitution due to the test’s over-sensitivity to irrelevant differences. To overcome
this limitation, three complementary analyses such as linear regression, Bland-Altman
agreement, and Two One-Sided Test (TOST), were performed to assess relative affinity, bias
magnitude, and true analytical equivalence against predefined regulatory thresholds.

Linear regression analysis was conducted to evaluate how PST binding values vary
between the two tissue types (porcine versus rat). The model demonstrated a near-perfect linear
relationship (R? = 0.99), confirming that PSTs binding tightly to rat voltage-gated sodium
channels exhibit the same relative affinity towards porcine sodium channels (Figure 3).
However, a high correlation can mask proportional bias, so a Bland-Altman agreement analysis
was performed. The analysis revealed a minor mean systematic bias of +0.024 log units (~
+5.7%), indicating that the assay using rat brain membrane preparation results in values on
average 0.024 log units higher than the assay using porcine brain membrane preparation (Figure
4). In routine RBA for PST detection, inter-assay variability of £10-20% is standard practice;
thus, a systematic shift of 5.7% has a minimal effect on analytical accuracy and regulatory
decision-making.

A TOST was performed to assess biological equivalence between assays using porcine
versus rat brain membrane preparations. This test determines whether the mean difference
between methods falls within a predefined, biologically acceptable interval. An equivalence
margin of = 0.097 log units (approximately 20% difference) was predefined for the analysis. The
observed mean difference (+0.024 log units) and its 90% confidence interval fell within the
upper and lower equivalence bounds, demonstrating a statistically significant equivalence (t(119)
=-11.0, p <0.01; Figure 5). While the porcine brain membrane preparation yielded slightly lower
average results than the rat brain membrane preparation (+5.7%), however, this minor variation
represents a predictable baseline offset rather than a biological divergence. Because the relative
compound affinities remained nearly identical (R? = 0.99) and absolute discrepancies fell within
established equivalence bounds, porcine brain membrane preparation is a validated, functionally
equivalent, scalable, and ethically favorable alternative to rat brain tissue for routine RBA to
detect PSTs in mussels.
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Figure 3. Scatterplot of comparing saxitoxin dihydrochloride equivalents (ug STX diHCI equiv./100 g
shellfish) in naturally incurred mussel samples measured across seasons, harvest areas, and dates between
the officially recognized method (rat brain membrane preparation) and the proposed alternative analytical
method (porcine brain membrane preparation). The linear regression line (y = 0.86x + 14.87) and
correlation coefficient (R? = 0.99) are shown.
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Figure 4. Bland-Altman plot assessing agreement between rat and porcine brain membrane preparations
for Paralytic Shellfish Toxins (PSTs). Differences between paired log-transformed measurements (Rat -
Porcine) are plotted against their paired mean values. The blue dashed line represents the mean systematic
bias (+0.024 log units) and the red dashed lines represent the 95% limits of agreement (-0.113 to +0.161

log units).
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Figure 5. A Two One-Sided Test (TOST) equivalence plot for rat vs. porcine brain membrane
preparations in the RBA for PSTs. The black circle represents the mean difference (+0.024 log units), and
the horizontal line represents the 90% confidence interval (+0.011 to +0.037 log units). Vertical dashed
lines denote the predefined biological equivalence bounds = 0.10 log units, corresponding to
approximately + 20% variance.

Table 2. PST values reported for each sample using two methods for RBA: rat brain membrane
preparation and porcine brain membrane preparation (ug STX diHCI equiv./100 g shellfish).

Rat Brain Membrane Porcine Brain Membrane

Sample ID Preparation Preparation
71-1 61 >0
7.1 74 69.5
73-1 469 458
74-1 447 424
75-1 72 65
76-1 133 101
77-1 82.5 98
78-1 438 509
79-1 112 103
80-1 65 60
81-1 268 259
82-1 277 286
83-1 33 36
84-1 581 447
85-1 960 983
86-1 152 170
87-1 65 60
88-1 188 170
89-1 117 115
90-1 1206 938
91-1 81.5 67
92-1 143 152
93-1 223 214
94-1 92 89
95-1 105 101.5

96-1 76 91.5



97-1

98-1

99-1

100-1
101-1
102-1
103-1
104-1
105-1
106-1
107-1
108-1
109-1
110-1
111-1
112-1
113-1
114-1
115-1
116-1
117-1
118-1
119-1
120-1
121-1
122-1
124-1
126-1
127-1
128-1
129-1
130-1
131-1
132-1
133-1
134-1
135-1
136-1
138-1
139-1
140-1
141-1
142-1
143-1

89
223
31
357
80
197
98
223
161
29
36
54
65
80
58
152
95
89
286
232
107
357
871
10
514
205
286
83
58
112
3037
1072
42
116
73.5
27
1161
84.5
983
98
80
36
58
42

86
241
25
304
108
197
107
268
134
31
31
63
60
&9
51
188
99
71
214
214
98
223
804
9.5
402
197
286
92
47
98
2501
938
29
94.5
98
27
1072
84.5
759
138.5
71
33
54
40
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144-1
145-1
146-1
147-1
62-1

67-1

21-1

148-1
149-1
150-1
151-1
152-1
153-1
154-1
155-1
156-1
157-1
158-1
159-1
160-1
161-1
162-1
163-1
164-1
165-1
166-1
167-1
168-1
169-1
170-1
171-1
172-1
173-1
176-1
177-1
178-1
179-1
180-1
181-1
182-1
183-1
184-1
185-1
186-1

214
49
45
89
&9
152
131.5
79
536
313
536
146
103
41
424
759
625
84
175
92
145
25
59
112
75
242
95.5
2144
173
293
53
692
849
1787
47
1161
40
25
89
31
24
25
223
134

152
42
25
75.5
130.5
116
125
76
447
214
536
139
103
43
422
670
536
84.5
168
97.5
160
23
56
80
75
223
86.5
1787
209
311
70
558
759
1697
40
1161
45
20
&5
36
21
22
232
125
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187-1
188-1
189-1
190-1
191-1
192-1

94
67
295
33
205
67

96
69
277
36
250
54
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IX. #2 SOP for the Single Laboratory Validation of New or Modified Analytical Methods Intended
as Alternatives to Officially Recognized NSSP Methods — Ruggedness

VALIDATION CRITERIA

Comparability is the acceptability of a new or modified analytical method as a substitute for an
established method in the NSSP. To be acceptable the new or modified method must be sufficiently
rugged to withstand the relatively minor day to day changes likely to occur in routine use. Comparability
must be demonstrated for each substrate or tissue type of interest by season and geographic area if
applicable.

Ruggedness of the new or modified method is the ability of the new or modified method to withstand
relatively minor changes in analytical technique, reagents or environmental factors likely to arise in
different test environments.

Procedure for testing the ruggedness of new or modified methods: This procedure is applicable for
use with either growing waters or shellfish tissue. Make every effort to use samples free of the target
analyte/measurand/organism of interest. For each shellfish type of interest use a minimum of 10-12
animals. For each sample take two aliquots of either the growing water sample or shellfish homogenate
appropriately sized for your work. Spike both aliquots with a suitable concentration of the target
analyte/measurand/organism of interest. Process both aliquots of the sample as usual to determine new
method/modified method concentration for the target analyte/measurand/ organism of interest. For the
second aliquot of each sample, however, use a different batch or lot of culture media and/or test reagents
as appropriate to process this aliquot. For growing waters, do ten (10) samples collected from a variety of
growing waters. For shellfish do ten (10) samples for each shellfish tissue type of interest collected from a
variety of growing areas, the same growing area harvested on different days or from different process lots.
Use the same two batches or lots of culture media and/or test reagents to process each sample such that
“batch or lot 1 is used to process the first aliquot of each sample and “batch or lot 2 is used to process
the second aliquot of each sample. Use a range of concentrations which spans the range of the new
method or modified method’s intended application to spike sample aliquots. Both aliquots of the same
sample must be spiked with the same concentration of the target analyte/measurand/organism of interest.
Process samples over a period of several days if possible.

Data for demonstrating the ruggedness of the new or modified method:
Sample type

Sample Conc. “Batch or lot 1” Conc. “Batch or lot 2”
Media and/or Reagents Media and/or Reagents

— O 00 1O LNk W~
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For shellfish samples, repeat for each tissue type of interest.

Data handling to demonstrate the ruggedness of the new or modified method

In the day to day operations of the laboratory there will be changes in the batches/lots of culture media
and/or test reagents used to process samples. Environmental factors are also likely to change over time.
None of these factors, however, should adversely impact test results if the new or modified method as
implemented is sufficiently rugged to be used routinely for regulatory monitoring.

To determine whether the new or modified method as implemented is sufficiently rugged to withstand the
types of changes anticipated to occur in routine use, a two-sided t-test at a significance level (o) of .05
will be used on the data to ascertain if results obtained using different culture media and/or test reagent
batches/lots under slightly varying environmental conditions are significantly affected by such minor
changes. Either a paired t-test or Welch’s t-test will be used depending upon the shape of the distributions
produced by the data for each batch/lot and their respective variances. Use log transformed data for the
results obtained from microbiological methods. The appropriate t-test to be used for the analysis is
determined in the following manner.

1. Test the symmetry of the distribution of results from both batch/lot 1 and batch/lot 2.

2. Calculate the variance of both batch/lot 1 and batch/lot 2 data.

3. Values for the test of symmetry for either batch/lot 1 or batch/lot 2 outside the range of -2 to +2
indicate a significant degree of skewness in the distribution.

4. A ratio of the larger of the variances of either batch/lot 1 or batch/lot 2 to the smaller of the variances
of either batch/lot 1 or batch/lot 2 greater than 2 indicates a lack of homogeneity of variance.

5. Use either the paired t-test or Welch’s t-test for the statistical analysis based on
the following considerations.

» If the distributions of the data from batch/lot 1 and batch/lot 2 are symmetric (within the range of
-2 to +2) and there is homogeneity of variance, use a paired t-test for the statistical analysis.

» If'the distributions of the data from batch/lot1 and batch/lot 2 are symmetric (within the range of -
2 to +2) but there is a lack of homogeneity of variance in the data, use Welch’s t-test for the
statistical analysis.

* Ifthe distribution of the data from batch/lot 1 and batch/lot 2 are skewed (outside the range -2 to
+2) and the skewness for both groups is either positive for both or negative for both and there is
homogeneity of variance in the data, use the paired t-test for the statistical analysis.

» If the distribution of the data from batch/lot 1 and batch/lot 2 are skewed and the skewness for
both groups is either positive for both or negative for both; but, the data lacks homogeneity of
variance, use Welch’s t-test to statistically analyze the data.

Data summary for demonstrating the ruggedness of the new or modified method:

Value for the test of symmetry of the distribution of batch/lot 1 _ -0.021

Value for the test of symmetry of the distribution of batch/lot 2 -0.039
Variance of batch/lot 1 data _ 0.054

Variance of batch/lot 2 data 0.055

Ratio of the larger to the smaller of the variances of batch/lot 1 and batch/lot2  1.03
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Is there a significant difference between batch/lot 1 samples and batch/lot 2 samples Y/N = paired t-
test results: t =-0.254, df =9, p = 0.805

To evaluate assay ruggedness under SOP #2 criteria, two distinct multi-well microplates
were analyzed as Batch 1 and Batch 2 to test the inter-plate variability and consistency of
saxitoxin dihydrochloride (ug STX diHCI equiv./100 g shellfish) detection in spiked mussel
samples (n = 10). Assay values across three target spike concentrations (40, 80, and 160 (ng STX
diHCI equiv./100 g shellfish) demonstrated strong inter-batch agreement, exhibiting a linear
regression relationship of y = 0.94x + 7.33 and a correlation coefficient of R? = 0.87 between
Batch 1 and Batch 2 (Figure 6, Table 3). This close alignment between distinct assay plates
confirms that the receptor binding assay maintains reliable operational performance and robust
analytical consistency despite normal inter-plate execution variables.

200
oo
= 0
o
i
~
>
E 150 °
(o
O) —
O g
":'5: = [ ] . Y
< © 100 )
=G RS y=0.9374x + 7.3274
< RSP R? = 0.8682
=
(gl
50
S % o
o
[aa]
0
0 50 100 150 200 250

Batch 1 (ug STX diHCl equiv./100 g shellfish)

Figure 6. Scatterplot of comparing saxitoxin dihydrochloride (pg STX diHCI equiv./100 g shellfish) in
spiked mussel samples measured across two batches (Batch 1 vs. Batch 2), showing the linear regression
line (y = 0.94x + 7.33) and correlation coefficient (R? = 0.87).

Table 3. Comparison of target spike concentrations (ng STX diHCI equiv./ 100 g shellfish) and receptor
binding assay values in spiked mussel samples across two assay batches (Batch 1 vs. Batch 2).

Expected Concentration Batch 1 Batch 2
Sample (ng STX diHCl equiv./  (pg STX diHCl equiv./ (png STX diHCI equiv./
100 g shellfish) 100 g shellfish) 100 g shellfish)
1 40 40 40
2 40 51 42
3 40 36 42
4 80 90.5 76
5 80 81.5 77
6 80 69 108
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7 30 94 91.5
8 160 197 188
9 160 123 107
10 160 125 152
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IX. #3 SOP for the Single Laboratory Validation of New or Modified Analytical Methods Intended
as Alternatives to Officially Recognized NSSP Methods — Specificity

VALIDATION CRITERIA

Comparability is the acceptability of a new or modified analytical method as a substitute for an
established method in the NSSP. To be acceptable, the new or modified method must be specific for the
analyte/measurand/organism of interest. Comparability must be demonstrated for each substrate or tissue
type of interest by season and geographic area if applicable.

Specificity of the new or modified method is the ability of this new or modified method to measure only
what it is intended to measure. To determine the specificity of new or modified methods, samples
containing suspected interferences (interfering organisms/compounds/toxins) are analyzed in the presence
of the analyte/measurand/target organism of interest.

Procedure for demonstrating the specificity of the new or modified method: This procedure is
applicable for use with either growing waters or shellfish tissue. Make every effort to use samples free of
the target analyte/measurand/organism of interest. For each shellfish tissue type of interest use a
minimum of 10-12 animals per sample. For each sample take three (3) aliquots of either the shellfish
homogenate or growing water sample appropriately sized for the work and spike two (2) of the three (3)
with a low but determinate level (by the method/modified method under study) of the target
analyte/measurand/organism of interest. Take one of these two (2) aliquots and also spike it with a
moderate to high level of a suspected interfering organism/compound/toxin if not naturally incurred. Do
not spike the third aliquot. This is the sample blank. Process each aliquot, the sample blank, the aliquot
spiked with the target analyte/measurand/organism of interest and the aliquot spiked with the target
analyte/measurand/organism of interest in the presence of the suspected interfering
organism/compound/toxin as usual to determine the method/modified method concentration for the target
analyte/measurand/organism of interest. Do five (5) replicates for each aliquot excluding the sample
blank. Do one (1) sample blank per analysis. Repeat this process for all suspected interfering
organisms/compounds/toxins.

Data for demonstrating the specificity of the new or modified method:
Name of suspected interfering organism/compound/toxin #1 domoic acid

Sample type blue mussel

Sample blank concentration for the target analyte/measurand/organism of interest NIST Saxitoxin
Dihydrochloride (RM 8642a)

Conc. of aliquot spiked with Conc. of aliquot spiked with target
target analyte/measurand/organism analyte/measurand/organism of
of interest interest of interest in the presence of

suspected interfering
organism/compound/toxin
Replicate 1
2

3
4
5

Repeat for each suspected interfering organism/compound/toxin tested.
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Data handling for demonstrating specificity of the new or modified method

The specificity index will be used to test the specificity of the new or modified method in the presence of
suspected interfering organisms/compounds/toxins. The specificity index (SI) is calculated as indicated
below:

Specificity index (SI) = Sample spiked with only target of interest
Sample spiked with target in presence if suspected interferences

All microbiological count data must be converted to logs before statistical analysis. Samples spiked with
both the target analyte/measurand/organism of interest and the target analyte/measurand/organism of
interest in the presence of a suspected interfering organism/compound/toxin may have to be corrected for
matrix effects before determining the Specificity index (SI). The sample blank accompanying the analysis
is used for this purpose. Any correction that may be necessary to microbiological data for matrix effects
are done using log transformed data.

The Specificity index (SI) should equal one (1) in the absence of interferences. To test the significance of
a Specificity index (SI) other than one (1) for any suspected interfering organism/compound/toxin, a two-
sided t-test at the .05 significance level is used. For each suspected interfering organism/compound/toxin
calculate the average Specificity index (Slavg) for the five (5) replicates analyzed for each sample by
obtaining the average concentration for both the aliquot containing the target analyte/measurand/organism
of interest only and the aliquot containing the target analyte/measurand/organism of interest in the
presence of suspected interfering organisms/compounds/toxins and using the formula below.

Slave = Avg. conc. of sample spiked only with target of interest
Avg. conc. of sample spiked with target in the presence of suspected interferences

Perform the t-test to determine if the average Specificity index (SI) obtained from the five (5) replicates
from each analysis differs from one (1). Repeat for all the suspected interfering
organisms/compounds/toxins tested.

Data summary for testing the specificity of the new or modified method:

Interfering organism/compound/toxin #1- domoic acid Slave = 1.01
SI different from 1 _p = 0.70

Specificity was evaluated to determine whether the co-occurrence of domoic acid (DA), a
non-target marine toxin, interferes with the quantitation of saxitoxin dihydrochloride (STX
diHCI) in the RBA using porcine brain membrane preparation. Across five experimental
replications comparing STX diHCI alone versus STX diHCI in combination with DA, the mean
Specificity Index Slavg was 1.01, showing no statistically significant deviation from the ideal
value of 1.00 (p > 0.05, Table 4). Further validation in blue mussel samples spiked at 40 ug STX
diHCI equiv./100 g shellfish demonstrated consistent toxin recovery regardless of matrix co-
fortification with DA (0.02 ug DA equiv./g shellfish). Specifically, samples fortified with STX
diHCI alone an average RBA concentration of 38.4 pg STX diHCl equiv./100 g shellfish, while
samples co-fortified with both STX diHCI and DA yielded an equivalent average of 36.2 ug
STX diHCI equiv./100 g shellfish (Table 5). The blank homogenate (MBk-00) produced zero
detectable signal, confirming no baseline matrix interference. Together, these data demonstrate
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high method specificity, proving that DA does not cross-react or cause analytical interference
during PST quantitation.

Table 4. Specificity index (SI) values derived from log-transformed toxicity concentrations of saxitoxin
dihydrochloride (STX diHCI) alone and in combination with domoic acid (DA) across five experimental
replications.

log (STX log (STX Specificity
Replication diHCl) diHCl & DA) Index (SI)

1 1.60 1.60 1.00
2 1.68 1.59 1.06
3 1.62 1.46 1.11
4 1.45 1.60 0.90
5 1.53 1.52 1.01
Average 1.58 1.56 1.01

Table 5. Blue mussel homogenate samples collected from Case Inlet, Mason County, Washington, in
May—June 2023 (spring season), and spiked with saxitoxin (STX diHCI) and/or domoic acid (DA)
standards. Samples MBk-01 through MBk-05 were fortified with NIST Saxitoxin Dihydrochloride (RM
8642a) at 40 ug STX diHCI equiv./100 g shellfish, while samples MBk-06 through MBk-10 were
fortified with both Biosense Laboratories AS domoic acid standards (#A31300401-06) at 0.02 ug DA
equiv./g shellfish and NIST Saxitoxin Dihydrochloride (RM 8462a) at 40 pg STX diHCl equiv./100 g
shellfish. MBk-00 was not spiked with either toxin and served as a blank to correct for any matrix effects.
The table reports the final concentration of ug STX diHCI equiv/100 g shellfish using RBA.

STX diHCI Spike DA Spike RBA
(ng STX diHCl equiv./  (pg DA equiv./ (pg STX diHCI equiv./
Sample ID 100 g shellfish) g shellfish) 100 g shellfish)
MBk-00 0 0 0
MBk-01 40 0 40
MBk-02 40 0 48
MBk-03 40 0 42
MBk-04 40 0 28
MBKk-05 40 0 34
MBk-06 40 0.02 40
MBk-07 40 0.02 39
MBk-08 40 0.02 29
MBk-09 40 0.02 40

MBk-10 40 0.02 33
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Standard Operating Procedure (SOP)
Appendix I

Method Modification: Step-by-Step Procedure

A. Sample Homogenate

a. Each sample that was below the detection limit from the MBA (~40 ug STX/100g
of shellfish) underwent mini saxitoxin extraction to be pre-screened by the RBA
to detect true negative samples (<10ug/100g).

i. Mini saxitoxin extraction was performed using the same protocol as
Appendix A (Section A. Sample Extraction), by performing a 1:1 ratio of
0.5 g of tissue and 0.5 mL of 0.1 N HCL

b. Once the negative samples were identified, samples were combined to produce 30
sub-aliquots (~130 g of tissue) needed for spiking five homogenates for each
shellfish matrix.

1. We doubled the number of tissue samples for this study to
maintain a backup supply, which safeguards against potential
future issues such as lost, broken, or spilled samples.

ii. To combine samples for one homogenate, it followed these criteria:

1. The sample collection dates must be within a 30-day range and
occur within the same season.

a. Due to the limited availability of cockle tissue samples,
collection dates must be within a 90-day window and fall
within the same season.

2. The samples must be harvested from the same water system.

iii. Homogenates were distinct, reflecting differences based on the season of
collection, harvest area, or year.

c. The positive samples that have MBA data (>40 pg STX/100g of shellfish) were
distinct, reflecting differences based on the season of collection, harvest area, or
year.

d. All homogenates were blended by a blender and/or a homogenizer to liquify the
homogenate for spikes.

e. Once the homogenate is liquified, the designated amount of tissue is aliquoted
into 50 mL falcon tubes for each spike level:

1. 40 ng STX/100g of shellfish: 12 + 0.3 grams of tissue
ii. 80 pg STX/100g of shellfish: 12 + 0.3 grams of tissue
1. 160 pg STX/100g of shellfish: 12 &+ 0.3 grams of tissue
B. Spike Procedure

a. Every homogenate was spiked with RM 8642a FDA Saxitoxin Dihydrochloride
Solution (103 pg/g +4 ng/g)

b. Prior to spiking the pre-weighed tissue, the laboratory technician gravimetrically
verified the dispensed volume of water to ensure the spiking accuracy was within
3% of the designated volume.

c. The volume of the RM 8642a FDA saxitoxin dihydrochloride solution was
calculated based on the desired concentration and tissue weight available.

i. 40 pg STX/100g of shellfish: 47 pL



ii.
1il.
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80 ug STX/100g of shellfish: 93 uL
160 pg STX/100g of shellfish: 186 pL

d. Once spiked, each aliquoted homogenate was vortexed for approximately 2
minutes to ensure complete mixture of the spike and tissue.

e. Following the mixing of the sample, each sample was again aliquoted into 5 + 0.3
grams, thereby achieving a minimum of three replicates for each spike level.

i.

Blank samples were not spiked and aliquoted into 5 + 0.3 grams.

f. Atleast 16 samples for each homogenate (5) were frozen at -20°C (total of 80
aliquots).

1.

ii.

In addition,10 more homogenates from different seasons, harvest areas,
and years were spiked to a concentration of 80 pg STX/100g of shellfish
and aliquoted into 5 = 0.3 grams (20 aliquots).

20 naturally incurred samples were aliquoted into 5 + 0.3 grams.

g. All samples, except for backups, were shipped to Washington State Department
of Health for RBA using the protocol listed in Appendix A.
C. Spike Procedure for Interfering Toxin
a. Domoic acid and STX diHCI spike

1.

ii.

1il.

1v.

V.
vi.

Once the homogenate is liquified, the designated amount of tissue is
aliquoted into 50 mL falcon tubes with the weight of 28.8 grams.
Using the domoic acid standard at 0.02 ppm, 7.2 mL of the domic acid
standard was added to the tissue sample.

The addition of 7.2 mL of domoic acid standard resulted in a total sample
mass/volume basis of approximately 36 grams and provided the target
domoic acid concentration of 0.02 ug/g.

140 uL of the STX diHCI standard was added to the sample.

The sample was mixed thoroughly.

The final sample contained 0.02 ug/g domoic acid and 40 ug STX
diHCI/100g shellfish.

b. STX diHCI Only Spike

1.
ii.
1il.

1v.

Vi.

Once the homogenate is liquified, the designated amount of tissue is
aliquoted into 50 mL falcon tubes with the weight of 28.8 grams.

7.2 mL of 10% acetonitrile in water was added to the sample in place of
the domoic acid standard.

The sample was mixed thoroughly.

140 uL of the STXdiHCI standard was added to the sample.

The sample was mixed thoroughly to ensure uniform distribution of the
spike.

The resulting sample contained a total of 36 grams and is targeted to
contain 40 ug STX diHC1/100 g shellfish.

c. Following the mixing of the sample, each sample was again aliquoted into 5 + 0.3
grams, thereby achieving a minimum of five replicates.

1.

Blank samples contained 7.2 mL of 10% acetonitrile in water and
aliquoted into 5 £ 0.3 grams.
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Appendix A: RBA Step-by-Step Procedure

A. Sample Extraction

a.

o

The extraction detailed below represents a small scale MBA procedure. The
actual MBA extraction could be used instead of the small scale version
described here.

Accurately weigh 5.0 g of tissue homogenate into a tared, labeled 15 ml conical
tube.

Add 5.0 ml of 0.1 M HCI, vortex, and check pH.

i. Ifnecessary, adjust pH to 3.0-4.0 as determined by a pH meter or pH paper.
To lower pH, add 1 M HCI dropwise with mixing; to raise pH, add 0.1 M
NaOH dropwise with mixing.

Place the tube in a beaker of boiling water on hot plate (or in a water bath) for 5
min with the caps loosened.

Remove and cool to room temperature.

Check pH and, if necessary, adjust cooled mixture to 3.0-4.0 as described
above.

Transfer entire contents to a labeled, graduated centrifuge tube and dilute
volumetrically to 10 ml.

Gently stir contents to homogeneity and then allow to settle until a portion of
supernatant is translucent and can be decanted free of solids.

Pour 5-7 ml of the translucent supernatant into a labeled centrifuge tube.
Centrifuge at 3000 x g for 10 min.

Retain clarified supernatant and transfer to a clean, labeled centrifuge tube.
Store extracts at -20 °C until tested in RBA.

B. Preparation of Stock Solutions and Standards

a.

Assay buffer: 100 mM MOPS/100 mM choline chloride, pH 7.4
i. Weigh 20.9 g MOPS and 13.96 g choline chloride and add to 900 ml
distilled or milli-Q water.

ii. Adjust pH to 7.4 with NaOH while stirring.

iii. Bring to a final volume of 1 L with distilled or milli-Q water.
iv. Store at 4 °C.
Radioligand solution: 3H-STX
i. Calculate the concentration of 3H-STX stock provided by the supplier.
Suppliers generally provide specific activity in Ci/mmol (~10-30 Ci/mmol)
and activity in mCi/ml (~0.05-0.1 mCi/ml), from which the molar
concentration can be calculated.

ii. Prepare 4 ml of a 15 nM working stock of 3H-STX fresh daily in 100 mM
MOPS/100 mM choline chloride buffer. This will provide sufficient
volume for one 96-well plate.

1ii. Measure total counts of each working stock prior to running an assay. Add
36 ul of working stock 3H-STX in buffer to a liquid scintillation counter
vial with 4 ml scintillant and count on a traditional liquid scintillation
counter to confirm correct dilution. The CPM should be consistent and
within 15% of expected value.
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c. Unlabeled STX standard working solution: The STX diHCI standard (NIST RM
8642 STX diHCI) is provided at a concentration of 268.8 uM (100 pg/ml).

1.

il

1il.

A bulk standard curve can be made up in advance and stored at 4 °C for up
to one month. The use of a bulk standard curve minimizes time needed for
routine analyses and improves repeatability.
Make up 3 mM HCI (e.g., from a 3 M stock, 50 pl in 50 ml) and use for the
serial dilutions.
Serial dilutions should result in the following stock concentrations (M):
1. 6x10-6[100 pul268.8 uM STX +4.38 ml 0.003 M HCI]
6 x 10-7 [500 pul 6 x 10-6 M STX + 4.5 ml 0.003 M HCI]
1.8 x 10-7[1.5ml 6 x 10-7 M STX + 3.5 ml 0.003 M HCI]
6 x 10-8 [500 ul 6 x 10-7 M STX + 4.5 ml 0.003 M HCI]
1.8 x 10-8 [S00 ul 1.8 x 10-7 M STX + 4.5 ml 0.003 M HCI]
6 x 10-9 [500 pl 6 x 10-8 M STX + 4.5 ml 0.003 M HCI]
6x 10-10 [S00 ul 6 x 10-9 M STX + 4.5 ml 0.003 M HCI]
8. 5ml 0.003 M HCL

Nownkwd

d. Interassay calibration standard (QC check): Reference standard STX (1.8 x 10-8
M STX) in 3 mM HCI. For long-term storage keep at -80 °C; for routine use (up
to one month), store at 4 °C.

e. Porcine brain membrane preparation: Store bulk rat brain membrane
preparations at -80 °C.

1.
1l.

1il.

1v.

Thaw an aliquot of porcine brain preparation on ice.

Dilute membrane preparation with cold (4 °C) 100 mM MOPS/100 mM
choline chloride, pH 7.4 to yield a working stock with a protein
concentration of 1.0 mg/ml.

Vortex vigorously to achieve a visibly homogeneous suspension.

Keep the diluted membrane preparation on ice.

C. Performing the Assay
a. Plate setup: When possible use a multichannel pipet to minimize effort and
increase consistency.

1.
il.

1il.

Run standards, samples, and QC check in triplicate.

For quantitation, multiple dilutions per extract should be analyzed in order
to obtain a value that falls within the dynamic range of the assay. A
minimum sample extract dilution of 1:10 is recommended to minimize
potential matrix effects.

Use of a standard plate layout (Figure 1) is recommended. This will
improve ease of analysis and can help maximize the number of
samples/standards that can be analyzed per plate.

b. Addition of samples/standards: Add in the following order to each well

1.

ii.
iii.
1v.

V.

35 pl assay buffer

35 ul STX standard/QC check/sample extract

35 ul 3H-STX

105 ul membrane preparation (ensure solution is homogeneous)
Cover the plate and incubate at 4 °C for 1 h.

c. Assay filtration: Use the vacuum manifold attached to the vacuum pump with
an in-line side arm flask to catch filtrate from the plate filtration process.



1l.
1il.

1v.
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Set the vacuum pressure gauge on the pump or manifold to ~4-8” Hg
(~135-270 millibar).

Place the 96-well plate on the vacuum manifold.

Fill any empty wells with 200 pl MOPS/choline chloride buffer to ensure
even vacuum pressure and filtration across the plate.

Turn on vacuum. Optimum vacuum will pull the wells dry in 2-5 s.

With vacuum pump running, quickly rinse each well twice with 200 ul ice
cold MOPS/choline chloride buffer using a multichannel pipet. Maintain
vacuum until liquid is removed.

d. Preparation of the assay for counting: Remove the plastic bottom from the plate
and blot the plate bottom once on absorbent towel.

1.

1l.

For counting in microplate scintillation counter:

1. Seal the bottom of a counting cassette with sealing tape.

2. Place the microplate in the counting cassette.

3. Add 50 pl scintillation cocktail per well using multichannel
pipet.

4. Seal the top of the plate with sealing tape.

5. Incubate for 30 min at room temperature.

6. Place the plate in the scintillation counter and count for 1 min
per well.

For counting in traditional scintillation counter:

1. Place the microplate in the MultiScreen punch system
apparatus and place the disposable punch tips on top of the
microplate.

2. Punch the filters from the wells into scintillation vials and fill

with 4 ml scintillation cocktail.

Place caps on the vials and vortex.

Allow vials to sit overnight in the dark.

5. Count using a tritium window in a traditional scintillation
counter.

W

D. Analysis of Data
a. Curve fitting: Perform curve fitting using a four-parameter logistic fit
(sigmoidal dose response curve with variable slope).

L.
1l.

y = min + (max-min)/1+10&-10g IC;Hill slope

where max is the top plateau representing maximum binding in CPM in the
absence of competing nonradiolabeled STX (also known as Bo); min is the
bottom plateau, equal to nonspecific binding in CPM in the presence of
saturating nonradiolabeled STX; ICs is the inhibitory concentration at
which CPM are 50% of max-min); Hill slope is the slope of the curve; x
axis is the log concentration of STX; and y axis is the total igand binding in
CPM (B/By).

b. Sample quantification: Sample quantification is only carried out on dilutions
having a B/By in the range of 0.2-0.7.

L.

Where B represents the bound 3H-STX in CPM in the sample and Bo
represents the max bound 3H-STX in the sample.
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ii. Sample concentration is calculated in pg STX diHCI equivalents (eq)/kg
shellfish as described below:

(nM STX eq) x (sample dilution) x [(210 pl total volume)/35 pl sample]
=nM STX eq in extract

(nM STX diHCl eq in extract) x (1 L/1000 ml) x (372 ng/nmol) X (1 ng/1000 ng)
=g STX diHCl eq/ml

pug STX diCHI eq/ml x (ml extract/g shellfish) x (1000g/kg)
= ug STX diHClI eq/kg
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Figure 1. Example plate layout.

1 2 3 4 s 6 7 8 9 10 1 12
A 10° 10° 107 QC QC QC u3 u3 u3 U6 uée ué
1:50 1:50 1:50 1:10 1:10 1:10

B 107 10° 10 ul Ul Ul u3 u3 u3 U6 U6 U6
1:10 1:10 1:10 1:200 1:200 1:200 1:50 1:50 1:50

C 3x107 [3x10" | 3x10” ul Ul Ul U4 U4 U4 U6 U6 ué6
1:50 1:50 1:50 1:10 1:10 1:10 1:200 1:200 1:200

D 107 107 107 Ul Ul Ul U4 U4 U4 u7 u7 u7
1:200 1:200 1:200 1:50 1:50 1:50 1:10 1:10 1:10

E 3x107 | 3x107 [ 3x107 | U2 u2 U2 U4 U4 U4 u7 U7 u7
1:10 1:10 1:10 1:200 1:200 1:200 1:50 1:50 1:50

F 107 107 107 u2 u2 u2 us us uUs u7 (Vi) U7
1:50 1:50 1:50 1:10 1:10 1:10 1:200 1:200 1:200 |

G T | " | 0" | v U2 U2 Us Us Us
1:200 1:200 1:200 1:50 1:50 1:50

H REF REF REF u3 U3 U3 Us uUs uUs
1:10 1:10 1:10 1:200 1:200 1:200

Concentrations indicate those of the STX standard curve; REF = reference; QC = quality control; U = unknown sample (with

dilutions indicated). The same standard curve made be used for additional plates run on the same day using the same reagents
(i.c., 11 samples can be run on subsequent plates).
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Appendix B: Radiation Safety Requirements

A.

B.

C.

m mO

T O

All users must follow all local, state, and federal laws and procedures regarding receipt,
use and disposal of isotopes.

All users must be trained in and follow all in-house safety procedures for working with
radiolabeled materials.

All isotopes and work stations where isotopes are used should be controlled access areas.
Any one with access to the area must also receive radiation safety training.

Freezers where the isotopes are stored must be locked.

Personal protective equipment must include lab coats (designated specifically for use
with radioactive materials), safety glasses, and gloves.

Radioactive materials will only be handled and manipulated in designated areas, which
have been clearly identified and labeled accordingly.

Work with source radiation material must be conducted in a fume hood.

Radioactive materials will be stored and/or carried in secondary containment.

When possible, disposable supplies such as pipet tips, absorbent paper, and kim wipes
will be used so that contaminated supplies can be readily disposed of as radioactive
waste.

Wipe surveys will be conducted at the end of each experiment as well as monthly to
ensure that there is no contamination in the laboratory.

The filter plates used in the assay will be designated as solid radioactive waste, while the
washes from the filter plates (containing buffer and unbound 3H-STX) will be handled as
liquid radioactive waste. There will be a dry active waste container to hold contaminated
items such as the plates, gloves, absorbent paper and kim wipes. There will be a liquid
waste jug to hold the contaminated liquid radioactive waste.

All wastes must be disposed of according to state and local laws.



Appendix C. Abbreviations and Acronyms

3H-STX
AOAC
ARC

B

Bo
CFSAN
CPM
diHCl
Eq
HCI
ICso
LC-FD
LOD
LOQ
MBA
MOPS
NaOH
NIST
NSSP
OMA
PMSF
PCOX
Pre-COX
PSP
PSTs
QA
QC

QS
RBA
RSD
SLV
STX

Tritiated saxitoxin

Association of Analytical Communities
American Radiolabeled Chemicals

Bound CPM

Maximum bound CPM

Center for Food Safety & Applied Nutrition
Counts per minute

Dihydrochloride

Equivalents

Hydrochloric acid

Inhibitory concentration at which CPMs are at 50% max
Liquid chromatography with fluorescence detection
Limit of detection

Limit of quantitation

Mouse bioassay

3-Morpholinopropanesulfonic acid

Sodium hydroxide

National Institute of Standards and Technology
National Shellfish Sanitation Program

Official method of analysis

Phenyl methylsulfonyl fluoride

Proposal 27-126

Post-column oxidation liquid chromatography with fluorescence detection
Pre-column oxidation liquid chromatography with fluorescence detection

Paralytic shellfish poisoning
Paralytic shellfish toxins
Quality assurance

Quality control

Quality System

Receptor binding assay
Relative standard deviation
Single laboratory validation
Saxitoxin
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FOOD CHEMICAL CONTAMINANTS

Appendix Il

Single-Laboratory Validation of the Microplate Receptor Binding
Assay for Paralytic Shellfish Toxins in Shellfish

Frasces ML Vax Dovan, Top A, Lovcarein, asd Grecony J. Dovcerm
MOA A MNational Ocean Service, Marnine Biotoccins Program, 219 Fort Johnson Rd, Cherleston, SC 29412

Latmie Beax

Maine Dieparment of Matural Resooress, McKown Point, W. Boothbay Harbor, ME 045735

Bammana Nienpwiamx and Domorees FE. Raws

Health Canada, Food Reseanch Division, Sir Frederick Banting Research Contre, Ottawa, ON, Canada K14 012

A singledaboratory validation [SLV) study was
conducted for the microplate receptor binding
assay (RBA) for paralytic shellfish polsoning (PSP)
toxins in shelifish. The basis of the assay is the
compefifion between ["Hisaxitoxin (5TX) and STX
ina standard or sample for binding to the woltage
dependent sodium channel A calibration curve is
generated by the addition of 0.01-1000 nM 5TX,
which results in the concentration dependent
decrease in ["H]STX-receptor complexes formed
and serves to quantify STX in unknown samples.
This study established the LOQ, linsarity, recovery,
accuracy, and precision of the assay for
determining PSP toxdcity in shellfish extracts, as
peformed by a single analyst on multiple days.
The standard curve obtained on 5 independent
days resulted in a half-maximal inhibition (ICsg of
2.3nM 5TX £ 0.3 (RSD = 10.8%) with a slope of 0.96
+0.08 (RSD = 8.3%) and a dynamic range of
1.2-10.0 nM. The LOQ was 5.3 pg STX
equivalents/M00 g shellfish. Linearity, established
by quantification of three levels of purified STX
{15, 3, and & nM), yielded an ¢ of 0.97. Recovery
from mussels spiked with three levels (40, B0, and
120 g STXH 00 g) averaged 121%. Repeatabiity
{RSDy), determined on six naturally contaminated
shellfish samples on 5 independent days, was
17.7%. A method comparison with the AGAC
moise bioassay yielded i =098 (slope =1.28) in
the SLV study. The effects of the extraction method
on REA-based toxicity values were assessad on
shelifish extracted for PSP toxins using the ADAC
mouse bicassay method (0.1 M HCI) compared to
that for the precolumn oxidation HPLC method
(0.1% acetic acid). The two extraction methods
showed Enear correlation (r° = 0.99), with the HCI
extraction method yielding slightly higher toodcity
values {slope = 1.23). A similar relationship was

Revedved Mamxh 5 2009, Accepied by AP May 10, 29
Comesponding sthor's eamail: fmn vandslbdiimom gov

observed betwean HPLC guantification of the HCE
and acetic acidextracted samples (= 0.98, slope
1.19). The RBA also had excellent linear correlation
with HPLC analyses (r* =0.98 for HCL, " = 0.88 for
acetic acid), but gave somewhat higher values than
HPLE using elther extraction method (slope = 1.38
for HGl extracts, slope = 1.32 for acetic acid).
Owerall, the excallent linear comrelations with the
both mouse bicassay and HPLC method and
sufficient interass ay repeatability suggest thatthe
RBA can be effective as a high throughput screen
for estimating PSP toxdcity in shellfish.

aralytic shollfish poisoning (PSF) is a  soafeod

intxication cansed by the consumption of shellfish

tainied with saitoxins (STXz) produced by cerain
spocies of harmful algse, Sawitoxine are a suie of haterocyelic
musnidinium  toxins, of which cumently more fan
21 congeners are known (Figure 1) These congenes gocur in
varying proportions in the dnoflagellates that produce them
and ane further metabolized in shellfish that sccunmlate dwm,
making analyfical deemination of PSP oxins in shellfish
complex, The long-standing regulatory metwd for PSP nxins
is the AOAC mouwse bioassay (1), with a regulatory limit of
B0 po100 g shellfish generally appliod. Increasing resistance
0 wholr animal testing has driven the nood to develop
aliemative methods aitshle for vse in a high throwghput
monitoring o regulatory setting, In e past docade, several
alematives 1 the mouse bicsssay have been developed and
validated to various degrees, The procohmn oxidation HPLC
method (2) kasreceived Firgt Action approval by ACQAC a2 an
Official Method for PSP (2005.06; 3) and has boen accepled
into the Evropean Food Hygiene Regulations as an alernative
o the maouse hioassay and fiurther refined to optimize its usein
the Unied Kingdom Oficial Control monitoring of PSP
foxins in mussels (4). However, altwugh the HPLC method
perfarms well quantitatively, it is guite ime consuming for
high throughput screening needed by many monitoring
programs. A gualitative lateral flow anfibody st for PSP
foxins with & dewection imit of 40 pg/1 g, developod by
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Jelkett Rapid Testing Lid (Chester Basin, NS, Canada), has
o approved in the Uinibed States boy the Intorstate Shellfish
Sanitstion Conference and the LS. Food and Drug
Administration (FDA) a5 a screcning metwd This method
performed well in 2 comparison stedy with the moss
bicassay, with a false-positive mie of 6% and a fElse-negative
rate of <00, 1% (3), but ithas not boen put through a fil] ACAC
collaborative trial, and does not provide quantitative analysis.
To date, asuitble quantitative, high throughput alemative to
the mouse biosssay has not bom validated through te AQAC
Oificial Methods Program. The current study establishes e
single lsborabry poformance chamctenistics of e
microplat receptor binding assay (RBA) for PSP pxins in
shellfish and identifics it a3 a candidate for folfilling the
requirements of high throughput, quantitative anslysis thet
MCASUIES & COMmposite bootic pOEney ina manmser ana lopous o
e mouse bicassay,

STX elicit their paralytic effects by binding to site 1 on the
voltage dependent sodium channel, thereby blocking e
transmission of nceronal and muscular action potentials.
Bocause all STX congeners bind to site 1| with affinities
proportional o feeir mowse intraper itonea ] (TP toxicity (6], a
receptor binding competition asay can be used i measure e
mtegrated toxic pokency of STX congeners in a sample,
independent of which oxin congeners are present. Moreover,
any toxin metabolites orginating in fw shellfish marc will
alzo be detocied by the assay acconding o their a ffindty for te
soifium chamel receptor, In this binding competition assay,
PHISTX competes with unlabeled STX andlor its derivatives
for a finite member of available recepior sites in a rat brain
membranse ion. Following establishment of binding
equilibrium, unbound PHISTX & removed by filration and

bound ['H]STX iz quantified by liguid scintillation countng,
The percent reduction in [PH]STX binding in fhe presence of
milabeled bxin i dircdy proportional to the amount of
mlabeled toin present. A standard curve i established using
increasing concontrations of unlabeled STX, and the
concentration of PSP toxine in an unknown sample s
queandi fiod using this standard curve,

The asay esied in this single boratory trial is a
modification of the methnd of Dowcatie et al. {7) o 2 P6-well
microplate format described by Wan Dolah et al (8)
Application of microplate scintillation counting 0 the PSP
assay was firdt reported by Powell amd Doucette (%), who
appliad itto phyioplankton analysie, The we of te microplate
fiormat, i comjunction with microplate scintillation counting,
makes the assay suitshle for we in a high throughput
moniiring or regulatory setting. Several versions of the PSP
fecoptor binding assay have undorgons method oomxarisons
in different lahoratories with favorable comelations Lo the
mouse bioassay andior other assays for PSP toxins in
shellfish. Suarez-kla and Valez (107 showed excellent linear
eomelation (= 0.97) betwoen the RBA and mouse hinasay
aof 41 shellfish extract betwoen 40 and 10000 pug STX
oquivalenis/ | (0 g. Llewe !l et al {11) found deat the sodivm
channel recepinr assay compared well to three other methods
of mnalysis for PSP oxine in shellfish (HFLC, mouse
hioassay, and NIA cytntoxicity assay). Ruberu et al, (12)
optinized the microplie format assay for wse m the Packand
Top Count microplate scintillation counter (a single channel
counder;, GML, Inc, Ramsey, MN), compared resulis with the
same assgy porformed on de Wallae micropla®e counter
{a two-chennel comncidence counder; Parkin Elmer Wallace,
Gaithershurg, MDY, and provided firther comelation data with
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Flgure 1. Structures end tode potency of 21 saxitoxin congeners. Toxie patency is listed &8 mouse units

{H.Iypmde,vdurna mouse unit |s defined as the minimum amount requined to kil 8 20 g mouse in 15 min when
nigtered by IP injection The table s modified from ref. 15
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Figure 2. Standardized plate layout recommended for the microplate RBA for PSP toxins In shelifish extracts. U =
SEmp e,

the: M bioassay. T etal (13) utilized the microplate
REA method to compare predicied toxicity values in samples
spiked with different STX congeners as assayed by the mouse
bipsssay amd the RBA. Liewecllyn (14) defined the
competitive behavior of PSP toxin midunes in roceptor
binding aszays, wsing both the sodivm channel and saociphilin
receptons, which explains their comgaosie toxicity. However,
none of tese previos siadies fully characterized sssay
performance accending to ADAC single-laboraiory validation
(SLY) criteriz that ae the underpinning required for
proceeding with an AQAC collaborative trial. Therefore, the
current study was camiad ouf o ful fill those requirements,

Expedmental

Apparatis

(&) Microplaie scinglintion ¢ounter.—Wallac Microbota,
GMI e, (Ramsey, MN).

{b) Microplae [Tenetion menifdd —Millipore {Bedfond,
MA),

() Hot plage —Fisher Scientific (Suwannoe, GA).

{d) Coenteriop centrifiege—For 15 mL tubes, capable: of
3000 = g (Fishor Scientific).

{e) Microdier filier piates (P8 well) with 10 pm pore iz
type FB glass fiber flierd) 65 pm pore sire Duropore support
membrane —Cat. No. MSFB MN6B 50 (Millipore Corp.,
Billerica, MA).

{) Microplue sealing drpe —Cat. Mo, MATA HCLOD
(Millipone Corp ).

{g) Forfex miver—Daigger Voriex Genie 0 (Daigper
Scientific, Vemon Hilk, IL).

{h) Tefondpless HEsue
(Millville, M),

) Polywron  homogenizer —Brinkmann
(Westhury, NY L

Reagents

{a) Hydroehlorle actd (FCH—0.1 M.

b) FHISTA—0) mCimL, =10 Cimmel, =00%
radiochemical purity (Evternational Eolopes Clearmghouse,
Leawood K5}

{¢) STX JiHCI—FDA reference standard (Office of
Seafpod, Lanre]l, MDY} or Mationa] Research Couneil (NRC)
of Canada Institute of Marine Bisciences (Halifaw, M8,
Canada).

{d) Assry buffer—75 mM HEPES [4-{ 2-hydroxyethyl)
|-piperarincethamesulfonic acid, Cat. Mo, HOI36)T40 mM
M1, pH 7.5 (Sigma, St Louwiz, MO).

(&) Liguid seindBaton cocktal —Optiphese {PerkinElmer
Lifie Scienc ez, Downers Grove, TL).

Praparafion of Sampilas (0.1 M HCI Extraction)

Shellfish samples were shucked and homogenimed
accordng © the AQAC moese bioassay protocol (1) For the
HOl exdraction meted, 5.0 (20 1) g of tissue homogensate was
transferred to & tared 15 mL conical polypropylens contri fige
whe A 50 ml volume of .1 M HCl was added, and the
sample was mived on 3 Vortex mixer. The pH was checked to

hovmgeniaer —Wheaton

Ingriments
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Table 1 RBAmessurements of callbration standards
105 for assay linearty assessment (nM STX; n= 5)
Mominal baan = RED
120+
_ 075 15 L7 g 10
= A ia 052 17
< pand
iz A 8.0 034 i}

025+

020 L] L] L] L] 1 L] 1
1 o 4 & 7 B 5
L1 oy )

Flgure 3. Awerape of five callbration curves obtalned
by one anahyst in flve independent assays on separate
days. 1Csy =2.23 £ 0.23 nM, slope = 0.96 + 0.06, emror
bars are + 50

confirm it was between 3.0 and 40 in order to avoid
allalinization and destriction of the ooin, and adivsed with
1 MHCLar 0,1 M NaOH as needed, Tubes were placed ina
beaker of boiling water on & hot plate for 5 min with the caps
loosened. Following removal from the bodling water hath,
samples wene allowed 0 cool to reom temperature, and e pH
was again confimmed © be betwoen 3.0 and 4.0. The entine
conients were then transfemed to 3 gradusted eylinder, dilwied
volumetricallyto 10 ml., and centrifisged for 5 minat 1000 = g.
The supsemeatant was transformed to a clean twhe,

Preparation of Samples (Acetic Acid Extraction Method)

Ina 30 mL plastic centrifuge tube, 5.0 +0.1 g homogenaie
was mived with 3.0 mL 1% acetic acid on a voriex mixer,
Tubes were capped loosely to avoid pressure buildup and
placed in a boiling water bath for § min. Following removal
from the water bath, samples were cooled ina beaker of cold
water for 5 min, and then centrifisged for 10 min &t 3000 = g,
Thee supemea tant was transfemed o a 15 mL gradustod conical
est tube. A 3 ml smount of 1% acetic acid was added b he
original tube with solid residee, mived well on a vortex mier,
and centrifiged agaim for 10 min at 3000 = g The second
supermatant was combined with fhe first and diluied to 10 mL
with water,

Preparaion of Stock Solufians, Standards, and
Reagents for Aszsay

{a) Radisligand sofution —]"H]STX stock & provided in
50 pCi ampules, 34 Citmmol, 0.1 mCitmL (4.17 ph), A
15 oM working stock of | *H] STX was prepared freh daily in
75 mM HEFES/140 mM Mall (for 2.5 oM final in-well
COMOETration).

(b) STX gundard awrve—FDA STX dilydrochloride
refenence standard {100 pe/mELor 268. 8 ph) used 1o prepare a
bulk standard curve made up in advance and siored at4°C for
up to 1 mmth, The siock standard curve was made consisted
of eight concentrations of ST in 0,003 M HO [6 = 1075, 6 x
W07, 18 W7 6= 10", 18 = 1078 62 107, 6= 107" 6=

10", and 0.003 M only HC1{ referencel], which when diluted
I6 i the assay, msulied in 2 sandand curve of
L] nhd- 1000 nbd STX, The reference providod a measure of
wtal [*HISTX binding in the sheence of untabeled STX.

() Calwation sondard (OC chael)l—A  refercnce
atambard containing 1.8« 107 M STX standard (3.0 « 107% M
ETX in assay) was prepared in 0.003 M hydmochlonic acid,
aliquotied in 1 mL volumes, and siored at 4°C for routine wae
{stable up to | month). On the day of the assay, 200 pl. of each
standard were pipeted into min-dilvtion tubs for ease of
pipetting ino the microplie using an cight-channe] pipetior.

(M) Ra broin membrane  homopenate —Cerchral
cortices  from  6-woek-old male Hobman rats (Harlan
Bioproducts, Indianapoliz, IN) were homogenized on ice ina
gasTeflon tissue homogenizer in 75 mM HEPES/140 mM
Nal, pH 7.5, oontaining 01 mM PMSF
{phenylmethane sul fonylfluoride;12.5 mLbrain) at 385 rpm
for 10 sroles. Pooled homopenates weore contrifuged at
20 00 g for 15 min 2t 4°C and the pellet wasresuspended in
HEFES buffer {12.5 mL'brain) and rehomogenized on oo
wsing a Polyiron homegenizer set at 7% power for 20 s o
ensere & fine susponsion. The brain homogenake was
aliguotied 2 mL'ube in cryovials and siored at —PC. The
proiein  concentration of the brain homogenae was
deiermined using the Micro bicinchoninic acid (BCA) Assay
{Fierce, Rockfiord, IL). For cach asay, an aliquot of brain
homogenate was tawed on ice and diluted with ice cold
5 oM HEPES/ 150 mM NaCl, pH 7.5, to yicld a final protein
conoanitration of L5 mg/mL in the sssay.

Table 2. Recovery of analyte from splked samples (g
STX equiv.H00 g)

LS E ]
Mominal Mean ] RED, Rexvaery, %
i} =
0 & 8.5 a7 115
&0 W7 a8 H 129
120 1455 152 L5 21

* wdliw Less #mn LOG {5pg STX equie 100 gl
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Table 3. Compartson of receptor binding sasay (REA;
n= 5 with ADAC mouse blosssay (MBA) of naturally
contaminated shedifish (g STX equiv/100 gj

Sarmpls R RBA maan sDr RS0
P 340 438 74 17
P2 534 715 98 13
LP3 Tsa 1533 29 21
Pa L] 1] 7 B
UPE 350 608 150 26
LPE 462 518 114 22
Azsay Procedure

(a) Plare setup and ineubation —A standardized plate
layout was wsed for all sssays (Figure 2). All standards,
reforence, QC check, and shellfish extracts wore mm in
triplicate wells, For shellfish extracts, a standardized dilution
series was ron for each sample { 110, 1:50, and 1200}, which
emsured that at least one dilution would fall on the: linear part
of the competition curve fisr ghelifish thet contains between
approximately 5 and 1500 pg STX equiv./100 g. Reagents
wene added in e following order: 35 pl STX stndsnd or
sample, then 35 pL [’I—HSTX, fallowed by 140 pL. brain
homogenate, The addition of brain homogenate was carriod
out with sufficient force to ensure mixing of the well contents,
bt without risk of splashing. The plate was then covered and
incubated at 4°C for | b

(b} Assay filration and counting. —The plate was filiered
using a microplate vacuum filtration manifold, and cach well
rinsad twice with 2080 pL ice-cold HEPES buffor ata filiration
rae that ensred all wells were dry within 2-5 5 The
micrplate was then placed in a2 microplate scintillation
oownter cassotte, smd the botiom was sealed with plate sealing
tape, Lagly, 50 pL scintllation cocktail was added i each
well, and the top of the plate was sealed with sealing tape. The
plate was allowed tosit for 30 min o ensure impregnation of
the fillers with scintilhant prier to counting for 1 minwell in
the microplate scintillation comtor.

Data Analysis

Curve fiting was poformed wsing a four-pammeier
logistic curve fitting model for & one-site recoptor binding
using Wallac Multicale software, The software reporis the
in-well sample concentration i nM equiv. STX. Sample
concentration was then calculated inpg STX equialents’ L0 g
shellfish usng the following formulas

. N {210 L. tota] veskeme)
{ ml egmiv. ST ) w0 {sampl e il wtdom = e

= nvl equiv. 5TX in exiraat

[l

1542
i‘f =1
2
o
A
A
<5 e
-3 n
PP []
o T T T T
N i s b | 1%77
[ LT R SRR L
i
120
=
3 4000
r
e
E T y
wl
= O
Ey
5 am
(3

=0 o =o ico 1=0
rouse Wl ETAeg A00a

Figure 4. Linear comelation analysls between the REA
and mouse blcessay. (a) Average values of alx naturaily
oo tamin sted es analyzed on five |ndepen dent
RBA asaay days (r = .88, slope = 1.28). (b} A separate
study of 110 ahelfish extracts analyzed by RBA and
MEA ylelded an r* of 088 with a slope of 1.32.

1L .1-12‘” 1pz

{mam equiy. STX in exiraa ) T

10000 g
= g STX eguiv.fml
. nil exmal
ATX Al ————— % 1
S T T T

= g ST aguiv. /100 g shelifish

Critical Control Poinfs

() For a ligand that interacts specifically at one recepinr
gite, the slope of dwe resulting competition curve should
theoretically be 1.0, Ifthe slope of the corve for a given assay
& owtzide of the acceptable range of 0L8—L2, linearity of the
Ay will be compromised, and quantification of the
unknowns will be imcomract. Thenefore, e assay should be
Te-Ti,

{21 The O chack standard should Sl1 within £30% of the
sied valwe (3.0 nM). Ifthe QO chock standard doos not £l
within acceptable limits, the assay should be re-rum.
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Table 4. RBA-determined toxicities of nine naturally contaminated shalifish homaogenates extracted using the 0.1 M
HClextraction method or the 1% acetlc acld extraction method (ug STX equiv/100 g)

HO Acalic aced
Sample Mo =0 RED Maan =D RED
1 11 4 E ] 19 7 -
2 800 43 24 488 104 |
3 690 142 21 584 167 ]
4 138 & 8 1 41 i
B 152 27 18 167 Fa 13
8 a2 BT F--| 270 72 =i
T 340 aa 2 264 63 P
a 262 79 a 252 48 13
g &3 28 41 54 18 k2

(¥) Sample guantification should be done only on
dilutions that on the linear part of the corve [Wh, = 02-0.7,
where B i the bound counts/min {CPM) in the sample and B,
is the maximum CPM]]. The BED of twe CPM must be <300,

{#) For a given sample, if none of the sample dilutions
falls within the lincar range (i.c., the comncentration is too high,
By, < 0.2), further dilutions must be made and the sample
reanalyzed if & quantitative value is desired. If the sample
conoeniration is toeo low i be quantified (e, Wb, > 0.T) at
sample dilution 1:10, the sample must be reported a5 below
e LMy,

Mouse Bioazsmy and HPLC Procedures

Shellfish smples extractod in paralle] using te HCl and
acetic acid extrac tion me thods describod albwwe were analyzed
uging e standard protecols preseribed by the AQAC
metvods for mouse bicassy (1) or precelumn oxidation
HPLC methad {2).

Results and Discussion
Calibration Cunve

To establish the dynamic range and mpeanbility of the
calibration curve, five asays were parformed by one anatyst
on separaie days, The composiie curve (Figere 3) nesulied ina
heal fmaninnal inhdbition (ICg) of 23 nM STX £ 03 (RSD =
T0LB%5) with a slope of 0.06 £ 0006 (RSD = £3%). Using the
lincar part of the curve (L2007 biy) for guantification, a
dynamic mnge of approvinately one order of magnitude,
1.2-1000 nM STX, was observed, as expecied for a one-site
bimding sy, A QC chock sample {10 nM STX) rm in each
assay averaged 3.0 +0.5nM (RED, = 17.3%), with a recovery
of 99.3%.

Log

Shellfish extrac s were diluted & minimum of 10-fold prior
o anmalysis o minimize matrix effecs that can result in fake
positives. The LOQ) was empincally determined as the

conceniration, ina 10-folddilwed sample, that results inoa b/,
of 0.7, This is &8 more conservative cutoff tan the 08 Wb,
frequently used in receptor assays amd was used because
quantification was unacceptably varisble above this b,
cuteff, This resulk in an LO0) of approximately 5 pg oquiv.
STX/100 g shellfish, which provides a more than one order of
magnitude margin relative o the regulatory limit of
B0 pp'100 .

Linesrity

Linearity was assessed by five independent assays of hroe
calibration standsrds fat were expectad o fall on the curve
between 02 and 0.7 bi,: 1.5, 3.0, and 6.0 nM STX prepared
from FDA STX GHCl standand Expecied and messured
values arelisied in Table |, Lisear regression yielded a dope
of 0.9 and an r* of .97,

]
X

;

HEGI {Ug STX ©4.1100g)
ra
=
[]

b 400 200 100 400 EOp BOD 700
HOAG {ug STX eg.Modg)

Flgure 5. LUnear comelation between HC and acetic
scid (HOAC) extracts analyzed by RBEA. Results ane

e values of nine naturally con [=:3
m:adhmhwifﬂwthnh:m -ﬂgﬂ
slope =1.23).
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Table 5. HPLE analysis of nine naturally contaminated samples (1-8) extracted using 0.1 M HGI®

Sanpio STX NED® GTX14" GTx23 B iz Total PSP uq‘:iisll—:l
HO-1 a5 Lile} ag 7a e} a0 108 8
HOR2 18 239 28 a245 283 2487 a00.4 412
HO-3 2208 547 748 4383 434 331 11872 494
HO-4 483 27 B8 851 hli 7 1725 al
HO-5 B85 11 ag 847 149 113 1785 113
HOR6 1145 L} L] 166.8 151 38 3330 180
HO-7 984 10t 728 3|a7 a3 R 8235 a0s
HO-8 848 L] na 257 49 18.5 25 a7
HO-3 112 Lile} 6.1 478 lile} a0 6852 1

* Vakies am in pgM0dg, & speciic PSP congenar or i STX equivalenis, a5 indicaied by the colimn hoades.

B NED = Mt vl coin.
£ GTK = Gonymi iodn.

Recovery

Musse] tissue homogenates obmined from a local market
were spiked with FDA STX &HC! standard at four levels
bracketing the regulstory limit (0, 40, 80, and 120 o/ 100 o)
followed by thorough homogenizaton wsing & Polytron
blendor. Aliquots of spikod homogenate wene stonad at -80°C
umtil exwraction in 0.1 M HCl acconding to the proicol in the
Eperimenial section. Extracts were analyzed in five assays
performed on ndepondent days The mean recovery was
121% (Table 2).

Comparson of RBA-Reporiod Toxicity with fie
ACAC Mousze Bioazsay

S naturally comtaminated shellfish samples were
extmcted in 0.1 M HCl scconding o the protecol in the
Experimenid] soction, and smalyred in five assays on

indepondent days (Table 3). Three shellfish species wene
representod: clam Mye arenaria (whole) LP1, LP3, mussel
Mwiber edulis (whole) LP2, LP3; and scallop Plactopecien
magellinicus (viscera) LPS, LPG Between-assay RSDs
ranged from 9 @0 25% (mean 17.7%). An © of 098 was
obtined relative to the mouse bicassay, with a slope of 1.29
(Figune 4a).

A separate stedy of 110 maberally contaminated shellfish
samples, extracted uEng the .1 M HC1 metd, and analyeed
by RE A and mouse bisassay, yielded similar results with an r*
of (L8R and a slope of 1 32 (Figure 4b).

Effect of Exfraction Method on RBA-Reporied
Toxicitios

The recent approval of the precolumn oxidation HPLC
mefhaod for PSP toocins a5 AQAC Offic il Methaod 2046506 {3)
and its potential recognition as a reference method for PSP

Table 6. HPLC analysis of the same nine naturally contaminated samples {1-8) extracted using 1% acetic scld”

Sarmple STX MED GTX1 2 GTX23 1 12 Total PSP qﬂl
HOAs-1 a4 i} ag 7.3 an a0 107 8
HOAs-2 187.8 1A A7 2807 251 24849 A 32
HOAo-3 1752 A58 T2 33549 arz 237 2004 353
HOA:-£ 334 a1 113 618 a0 15.5 1311 a4
HOAs-5 543 a1 ag 878 108 a3 1600 ]
HOAs-8 1008 aa ag 1540 118 24 290 182
HOAs-T B74 112 a7 284 52 5.6 705 192
HOA:-8 710 a3 M4 1903 43 128 2204 173
HOAs-T 112 i} "7 an 810 1221 E <]

* Valies am in 359100 g, = spacfic PSP congenar or iz STX aquivalentz, s indicadad by {he colimn headas.
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Flgure 6. Linear comrelation between HCI and acetic

{HOA:) extracts analyzed by HPLC (slope = 1.16,
-D_BT]_

xins pronptod an investigation of the effect of exiraction
mefd o toodcity values noported by the RB.A. Whereas the
ADAC mowse bicassay prescribes shellfish exraction in
01 M HO, the HPLC method wes extraction in 1% acetic
acid, The 0. | M HClextraction procedure isknown toresultin
the partial conversion of cortain low-toxicity sul focarba moyl
congenersta more highly tootic congeners in shelifish extracts,
especially ponvantoxing, GTXS and GTX6G to STX and
neoSTX, and, thus, may result in somewlsat higher toxicity
values, To sssess the effects of exiraction procedure on
REA-reported xicity, ning nanurally contaminated shellfish
samples (s bl musel and three scallop) weme
homogenized and extracted independenty using 0.1 M HC1
and 1% acetic acid as describod i the Exgperimentael soction,
PSP waxicity it extrac s was then deermined in four RBA
assays run on indopendent days ( Table 41 The betwoon-asay
RSD did mot differ for samples prepared uwsing the two
extraction medsods (258 and 26 3%, respectively). In gencral,
the: HC1 exfraction methad resulted in slighdy higher total
wxicity values than reported for the acetie acid extracts (slopse
123, 1= 099 Figure 5). The higher values reporied for te
HOl extracts are not oxplained by the conversion of
sulfscarbamoy] toxing to more polent congeners in the HCI
cxtracts, a5 can be seen in fhe toxin profiles determined by
HPLC (TaHes 5 and 6). Rather, the recovery of most
congeners aypears to be higher in the HCl extract. The higher
concenirations roportad i the HO extract may reflect
dif feronoces in the method by which volume is adustod in e
wio extraction procadures, In the HOl method, final extract
volume adjuament is made with the shellfish marix present,
In the agetic acid extraction, the matrix is fisst removed, te
peliet re-extracied, the two extracts poaled, amd then the final
vislume adjusted. HPLC analysie of te same ssmplesshowed
asimilar relationship botweon values repored for the HCland
acetic acid extracts (slope = 1.16,r"=0.97; Figure 6)as seen
in the RBA, with te HO extracs containing greater STX
equivalent/100 g.

i)

HCl exbracks

HHL L 51K 37000
x
i

T T T T
M M AW 4 9N
HFLE Ly BT cq.i 1ol

]

HChAS Exirases

eI

T T T T 1
o0 M0 W 0 e
HPLE ny BT wig 180y

Figure 7. LUnear comrelation between REA HPLC
for samples extracted (a} by the HCl method -pm.
slope =1.39) and (b} by the scatic acld mathod (5~ =
0.99, slope = 1.332).

Comparzan of RBA with HPLC

The RBA showod good linear comelation with HPLC
analysis of both HOI {r* =0.98, slope = 1.39) and acetic acid
i = 0.99, dope = 132) extracts, in both cases giving
snmewhat higher toxicities than the HPLC method (Figure T),
A mmnber of factors may contribute to the difference in results
for wdtal doxic potencies by these two methods, The higher
ipxicity values given by the RBA may result in part from the
fact that the HPLC metsd wses the STX froe bas molecolar
weight (M) Da), whereas the receptor sssay (and mounse
higassay) uses the STX dilpdrochioride molecular weight
{372 Da) to calculate concentration, which would result
approximately 20%% higher values in the RBA. Additional
differences may result from the use of FDA & compared o
the MRC sanitoxin standards in the RBA and HPLC methsds,
mespoctively, Higher RBA resuls may also mesult from the
dominance of the more poient PSP congenars over the weaker
congenars in mixiures competing for binding to the receptor,
a5 detailed inref. 13, which reflects deir binding affinities. In
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contrast to fis complex behavior, the HPLC method adds
lincarly the concentrations of aach conpener based on toxic
potencies  detormined by mouse biossay for ischied
congeness. In some cases, eg., [l-hydroxsulfae epimers,
the concentrations of separate epimers pairs ane mot resclved
by HPLC, although their potencies differ widely as do their
ratics in shellfish samples, Lagly, higher wowicity values
reparied by e REA may reflect the presence of congenars or
metabolites not reported by the HPLC method.

Ruggedness

Although formal mgpedness testing was not camied out
diurineg this SLV study, several steps in the procodure might be
nated that can affect the precision and accuracy of the results.
First, it is important o clarfy shellfish eoxtacts by
centrifugation prior & ruing te assay, particularly if
extracts are stored refrigerated or frozen before analysis, as
precipitates in the extract may cause nongpecific binding that
may reaslt in overestimates of PSP toxin concentrations,
Second, since the rat brain homopena®e & a awpension, it is
important to ensure that it remains evenly suspended by
frequent varex mixing or pipetting prior to and during its
addition to the plate, The rate of sssay plate fhration should
onsure thatthe wells clearin2—5 s, and ihe rinse buffer swould
be icecold in ordor o minimize the rae of owin relesse from
the recepinr. Lasly, following addition of liquid scintillant to
the microplate wells, it is essential o allow a mininum of
30 min for the scindilant & penctrate the filters before
counting. Counting promamrely can result in mcreased
variahility betwoen wells and lower countswell, thus
increazing RSD. A count time of | min‘well was chosen for
this study &= a compromize betwoen optimum RSD and assay
throughput, Increasing fhe count ime to § min‘well has been
shown i improve the betwea-well RSD in this assay when
using the Packand Top Count scintillation counter, a single
detecior insrument with somewhat lower efficiency than the
‘Wallac Microbeta wsad in the cument sody (11).

Summary

Thiz SLY and methed comparson study demonsirates
excellent near correlation (= 0.98) between the microphie
receptor binding assay and both the mouse bicassay and the
precolunn oxidation HPLC methed for the doemination of
PSP ioxins in shellfish, The microplate format of the asay,
when coupled with microplate scintillation coumting, provides
a guantitative high froughput sereening tool for PSP toxin
testing in shellfish, The tendency of te RBA i oveestimaie
PEP tonicity melative to the reforence methods minimizes the
chance of rewrning falke megatives, Whore RBA-meaared
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mxicity resulis in STX eguivalent values close to e
regulatory limit, confimmaton with 3 reference metwsd is
necessary ifa regulainry decision is being made. Nonetheles,
application of the assay a5 a high throughput sercen can
alleviake the unnecessarily large mmbers of asnimak wed for
the mouse bicassay on megative samples and, smilarly,
alleviae the lengthy snalysie of samples by HPLC at very
high or very low concentrations. We propose that this method
be collaboratively tested to esmblish i it iz mobust mooegh to
b weed in monitoring and reguainry hboratories.
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FOOD CHEMICAL CONTAMINANTS

Appendix 1II

Determination of Paralytic Shellfish Toxins in Shellfish by
Receptor Binding Assay: Collaborative Study

Frances M Vax Dowan, Spervcen E. Fise, Tow A. Lescemere, Cesnstea M Mo ssa, and Geecosy J. Doocerre
Center for Coastal Enviroomental Health and Biomolecular Research, NOAA Marine Biotoxins Program, 219 Fort Johnson Bd,

Charleston, SC 20412

Collaboratars: A. Anderssone L. Bean; D). Cowture; 5. DeGrasss; A Delleon; V. Dell ' Ovo; L. Flewelling; P Holland: G. Langlais;
B Lewis; M. Masuda; P MicNabb; C. Mikuldki: B. Nisdrwiadek: B. Porntepkasomsan: D). Eawn: E. Sombrito; K. Srisuksanead;

B. Swarer; 5§ Subzsinserm: A Tubaro

A collaborative study was conducted on a microplate
format receptor binding assay (RBA) for paralytic
shellfish toxins [P5T). The assay quantifies the
composite PST boxicity in shellfish samples based
unﬂle ability of sample extracts bo compete with

*H caxitoxin {STX) diHCl for binding to voltage-
gated sodium channels in a rat brain membrane
preparation. Quantification of binding e
carried out using either a microplate or traditional
scintiflation counter; both end points were included
in this study. Nine [aboratories from six countries
completed the study. One laboratory analyzed the
samples using the precolumn oxidation HPLC
meethod (ADAC Method 2005.06) to determine the
5TX congener composition. Three laboratories
performed the mouse bicassay (ADAC Method
559.08). The study focused on the ability of the assay
to measure the PST toxicity of samples below, near,
or slightly above the reguiatory limit of 800 (pg 5TX
diHCl equivikg). A total of 21 shellfish homogenates
were extracted im 0.1 M HCl, and the extracts were
analyzed by RBA in three assays on separate days.
Samples included naturally contaminated shellfish
samples of different species collected from several
geographic regions, which contained varying STX
congener profiles due to their exposure to different
PST-producing dinoflagellate species or differences
in toxin metabolism: blue mussel [Mytilus edulis)
from the U.5. east and west coasts, California
mussel (Mytilus californianus) from the U_S. west
coast, chorito mussel (Wytilus chilfensis) from Chile,
green mussel {Perna canaliculus) from New Zealand,

Suhmitied for publication Decambar 3, 1011

T mcommandasion was approved by the Mathed Committos on
Pamabytic Shallfich Toxins a5 First Action. See “Mathod: Maan,” 2011)
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Atlantic surf clam (Spisula solidissima) from the LS.
east coast, butter clam (Saxidomus gigantea) from
the west coast of the United States, almeja clam
[Venus antiqua) from Chile, and Atlantic sea scallop
[Plactopecten magellanicus) from the U.5. east
coast All samples were provided as whole animal
homogenates, except Alantic sea scallop and green
mussel, from which only the hepatopancreas was
homogenized. Among the naturally contaminated
samples, five were blind duplicates used for
calculation of RS0 The interiaboratory RSDy, of
the assay for 21 samples tested in nine laboratories
was 13.1%, yielding a HorRat value of 2.0. Remowval
of results for one laboratory that reported
systematically low values resulted in an average
RSDy, of 28.7% and average HorRat value of 1.8.
Intralaboratory RS0, based on five biind duplicate
samples tested in separate assays, was 23.1%. R5D,
obtained by individual Iaboratories ranged from
118 to 34 9%. Laboratories that are routine users of
the assay better than nonroutine users,
with an average RSD, of 17.1%. Recovery of 5TX
from spiked shellfish homogenates was 88.1-93.3%.
Cowrelation with the mouse bi yielded a slope
of 1.64 and correlation coefficient of 0_84, while
comelation with the precolumn oxidation HPLC
method yielded a slope of 1.20 and an * of 0.92.
When samples were sorted according to increasing
toxin concentration (pg STX diHC| equivikg) as
assessed by the mouse bioassay, the RBA returned
no false negatives relative to the 800 pg STX diHCI
equivikg regulatory limit for shelifish. Currently. no
validated methods other than the mouse bicassay
directly measure a composite toxic potency for PST
in shellfish. The results of this interlaboratory study
demonsirate that the RBA is suitable for the routine
determination of PST in shelifish in appropriately
equipped laboratories.

of heterecyrlic puamidinium toxins collectively called
samifoxins (STXs). Cumently mare than 11 conpensrs
of 5TX are koown: they ocom in varying proportions in
the dinefapellates that produce them and may be fanther

thru: shelifich poisoning (PSF) is cansed by a suite
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Table 1. Shelificsh homogenate samples analyzed for PSTs in the collaborative study®

Sampie No. Sample ID Shalfich spacies and origin Biind digpicate

1 MLVDS Aflantic sea scallop (Placopecton magelanicys) Trom te ULS. east eoast x

2 MLVDE Calffoimia mussed {MyTis calfamianis) from e LS. west coast K

3 MLYDE Grean mussel [Pama canalculs) from Mew Zealand

4 M09 Bhue mussed (M. eduils) from e ULS. west coast X

5 MLViZ Biue mussel (M. edulls) east coast LS., splked wilh 200 pog STX GHCI

3 MLV Biue mussel (M. eduls) east coast ULS., spiked wih 1200 pg/kg STX GHCI

7 MLY1E Almaja ciam | Venus anfique) from Chile

a MLV St ciam | Spésiéa sofobssima) from the LS. east ooast

L:] MLD2 Choritp musse| (M. chilensis) from Chile

10 MLWDS Scallop (Plactopecten magelanicyus) from the ULS. east coast

11 MLDT Blue mussal (M edials) east coast ULS. X

12 MDD Blue mussed (M. ecils) from the LS. west coast X

13 MLV Amefa clam (Venws antiue) fom Chile clam x

14 MLY13 Blue musssl (M. eduls) east coast ULS., spiked with 500 pgg STX GHCI

15 MLD3 Chorfip mussal (M. chilfens!s) from Chile

16 MLVDS Aflantic sea scallop (Packapecien magekanicys) Trom te U.S. east coast x

1T MLVDE Calffomia mussed (M. calfamianis) from me LS. west coast K

18 MLWDT Biue mussal (M. edws) east coast ULS. x

19 MU0 Buttertiam {Saxidomus giganted) from the ULS. west coast

20 MLV Amefa clam (Venws antique) fom Chile clam x

i | MLY1S Biue mussa! (M. eoulls) negalive control, east coast LLS.

e numiber |dentfies the Indhvidual anafyzed In the assays, with 1-7 analyzed in assay 1, 514 In as&ay 2, and
15-21 In 3assay 3. identification (MLV for mwu walklation| descrives the 16 unique samgies, among which five

were assayed as blind guplicates, o maks 3 toal of 21 sampist. BN duplcales, Tun in Ofierent ass3ys, ane identfiad by 20 "

metabalized W shelifish that accunmise them, making
analytical deternnination of pamalytic shellfish toxins (P5T) in
shellfish complex. The long-standng regnisory method for
DST is the AOAC mouse bioassay (1; AQAC Method 95908,
with a regnlabory limit of 800 pz STX di HCI equiv. &g shellfish
generally applied, boi established af 400 pe STX &HCL
equiv. kg in cerfain coundries (e.g., the Philippines). However,
at concentrations near the resulatary limit, the mouse bisassay
can sipnificantly wnderestimate PST in shellfich (). This, in
addition to moreasing resistance fo live animal testng in both
the United States and the European Union (ETT), has increased
ﬁmnmmmm&:mma
menitoring or regulatary seting

hmmmmmmmEmhmy
hawe been developed. In the ELV, the meuse biassay remains
the referemce method for PST im shellfich st Ewropean
internationally recognized methods may be wsed Two HPLC
methods, a precobmm exidation method (3, 4; AGAC Method
200504 and a postcolumn oxsdation method (5; AQAC Method
2011.07), have been approved by ADAC a5 Oficial Methods™
precohimn exidation HPLC method (ACQAC Method 2005.06)
a5 an alternative io the mouse bioassay, nat re@ins the monse
bioassay as the reference method in instmces where results ars
challenped. HPLC methods separsie and gquantify mdividual

STX conzeners, which are then ecombined according to their
ftoxic equivalencies to yield a composite PST tomicity value.
Although the HPLC methods perform well quamisatively, a
high-throughput screening method capable of reporting towic
potency directly is still desmable for monitoring programs that
aften screen large mumbers of negative samples. A qualiative
lateral flow amtsbody test for PST with a reporied detection
limit of 400 pg 5T equiv.kg was developed by Jellett Bapid
Testing Ltd (Chester Hagin, W5, Canada) and approved by the
U5, Inferstate Shelifish Sanifation Cooference amd fhe U5
Food and Dmug Administration as a screening method in specific
cirrumstances. This methed performed well m a comparison
study with the mouse bioaszay {§), bt is not folly guantitative
and bas not been subjected to a full ADAC collsbomative trial
To date, a suiable quantimtive, high-throophpat altemative o
the meuse bioazsay has not been validated throaph the ACAC
for PAT is an excellent candidate for fulfilling the requirements
af 2 hiph-throaghpuat, quantitative assay that directly reports a

The basis of the FBA & the inferaction between the foxins
and thesr pharmacolemical tarpet. All 5TX congeners bind i
site 1 om the alpha subwmit of the voltapge-pated sodium chammel
Therefore, an FBA can quantitatively measure the combined
inxic potency of mixhures of STX conpeners in a sample
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independent of the foxin congeners present (§). In the RHA for
mmmdmfﬂ]sm:mmmhmm
and'of its congeners fora finite number of mailable receptor sites
in a rat brain membrce prepation. Following es@blishment
of binding equilfbrm. mbemd [*H] STX & remeved by
filmration and recepeor boumd ['H] ST guamtified by liquid
scimfillation counting. The redoction in [*H] STX bindinz is
dn:ﬂypupmumﬂmﬂ!mnfmhbemmmﬂ
sandard curve is generated nsing increasing concentrations of
mmmsmmmm—‘“nm*umm
concenmation of toxin in samples is determined in reference fo
e standard cumve.

The assay being tested in this collaborwtve mal is a
madification of the method of Deoucette et al. (9) to incorporate
2 0f-well microtitr plate fromat which inoeases sample
in a smgle-lsboratory validation (SLV) study (10), which
esablished an imderassay repeatability (B.5D) of 17.7% and
oxidation HFLC methods. The toxin concentrations m shelfish
tested in the SLV stdy anzed fom pear to well above the
mgulmqhml(amnmmﬂy?ﬂﬂ—liﬂd}pgmmm

equivks). The curent stody focuses mome specifically on
the performance of the RBA in the critcal moee of shellfish
toicities below, near, and sliphtly above the resnlatory limdt
{approximately 150-2400 pg STH diHC] equiv. kg).

The resuliz of the collabomative study supgest that the
RBA for P5T 1= a smiable high-throughput screen for PST
in shellfish Althoush HPLC methods offer guanistagive
information on compener compositon of samplss, ofien the
desired infonmation is composite toxic potency, which requires
the summation of individual conpeners, comected for thesr
indivichaal towic equivalencies. The FBA provides a single
intezrated towic potency vahee that reflects activity of all kmown.
and potential unknown congeners present in the sampls. Use
of the microtiter plate fonmat, in conjunction with microplate
scafillation counting, provides the ability to screen muitiple
samples simoianeously M a ifl assay tme of less than 3 b
The aszay format described in the current smdy provides for the
quanfitative determination of compasite PST tomicity i seven
shelifish extracts per 96-well microplate, exch nm in mplicae
at three dilutions, covening foxicity mnges of approximately
356000 pg 5TX diHCI eqoivke In a hiph-throughmat assay
setting, multiple plates can be set up simoianeously, so that six
a5y plates can easily be accommedated each day by a single
anatyst, for a throughput of 42 samples/'day. This compares
favomahly to an estimated throughmut of 20-15 samples a day
by the precolimn HPLC method (B. Niedrwiadek, Health
Canada personal communication) or 3033 by mmase bioassay
(B. Suarez, University of Chile, personal comemumscation).

Cuollahorative Study
The foons of this stody was to assess the perfonmance of the

FBA o determine PST foxicily in samples of commercially
impaortant shellfich at a range of concentrations below and abaove

m'mﬁd&mmmmm

Eeopraphic regions: bine mussel (W edulis) from the U.S. sast
and west coasts, Califomnia pmrssel (M. calfferniznns) from the
1.5, west coast, chaoritn musssl (M chiliensit) from Chile, green
muossel (Perng courlicuius) from New Zealand, Adantic surf
clam (Spisuia safidissma) fom the 115, east coast, aiter clam
(Smcidamus greanred) from 1.5, west coast, aimeja clam (Fames
arrigug) from Chile, and Atlantic sea scallop (Placiopecien
magelionios) fom the US. east coast. All samples wers
provided as whole ammal homogenates, except Aflanfic sea
Among the naturally contamimated samples, five were blind
duplicates tested on separate days that were used for calculation
of B5D, Samples mn as doplicates are indirated m Table 1.
Three samples comsisting of STM-spiked mmrsse]l homogenae
(M wduiic) at levels that bracketed the mepulatory limits of
800 np'ke (300 and 1200 pz'ks spike) and 200 pz ke 200 pzks
spike) were inchuded to calculate recovery. Ome sample was the
negaiive conirol homozenate of M aduwiis to which the 5TX
spikes were added. All homogenates were exmacted by the
study parficipants and the exiacts aalyzed by RBA m thres
353y 00 separate days.

Study Parficipants

Ten laboratories from seven countries agreed to Ccamy out
BB As for this shady, inclnding the United Sites, Ialy, Australia,
New Zealand, Thailand the Philippines, and Seath Affrica
Participants inchaded laborateries from remalatory anthormtes, as
well a5 government and academic Iaboratories with monitoring
neais. Five of the panicipating laboratonies (Labomaioges 1-5)
hawe this methad well es@blished and may be considered Toutines
nsers. Two boratories had previous experisnce running this
format of the PST FBA. Tt have not implemented i routinely:
Cme laboratory had previous expenience with recepior assays.
st bad oot used the microplate fltmtion fomat of the assay.
Ome labaratary had oo previous experience with BBAs. Thres
laboratories from different coumtries, United States, Chile,
method (ADAC Method #50.08) on the same set of samples.
All mouse héoassay laboratories were experienced repulatory
(Health Carada) performed the precolum oxidation HPLC
metbod for PET (AQAC Method 2005.06).

reference material (STX dHCI) was added to the specified
to ensme homopeneity. The toxin congener profiles and
concentrations of all samples were determined by the precolumn
oxidation HPLC method {performed by Health Canada). STX
equitalents were determined by mouse bioassay (performed by
Maine Depariment of Marine Resources). Subsamples of each
hemogzenate (12 z) were packaged in polycarbomate tubes and
stored at —80°C umtll shipment to collaborating biboratories
by comrier. All samples were coded prier to distrbmting to
collabomting Isborainries, with the codes o each laboratory
beinz umique, and provided blind Coding consisted of two
lesters followed by a pomber in the fom X A1-7, X B1-7, and
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X C1-7, where the X indicated the laboratory, the second letter
indicated the three assays to be condurted, and the mmmerical
homogenates were sinilarly produced.

Shipment of Study Material

The following reagents were provided to the collsborating
labarataries m a sinple shipmend confiming enouph dry e
to keap the contents frozen for § days: [*H] STOC STH &HCL
stanidard; rat brain membrane preparation; 11 coded shellfish
homogenates; three practce bomopenates; and a {C check
sample comsistmz of 18 oM STX dHC] Sofficient homozenate
(12 g} was provided to emsure an acomate weipht of material
oould be removed from the storage wvial if an additiomal
Extraction were necessary due o umexpected cirums@nces.
The identity of the samples was pot released to collaboraters.
All reageniz were received frozen and in pood condition. Each
participant received electromically 2 demiled assay profocol
comprehensive memactions for condocting e stody and data

Analysiz

Participants extracted all homogenates using a modification
uof the 0.1 M HCI extraction method used in the AQAC standard
mumrse bisassay protocal (medified enly by scale). They were
asked to perform three BBA = each on separate days. Each assay
cansisted of ope $6-well plate that incheded a standard curve,
QC check sample, and seven shellfish extracts. All samplas and
standards were tested in miplicate wells. All shelfish extmact
were nm at three ditutions (110, 1'50, and 172040}, which
ensured that at least one dihrion would fall on the linear part
of the standard corve. Participants were instructed to amalyze
samples coded A, B, or C i the first, second, or third assay,
respectively, in mumerical order. The five blind duplicate
samples were coded so that they were tested m two independent
asays, with the combination of assays differing befween
duplicates. Hefore performing the official snady, parficipants
were &:iked to mn a practice assay that inchided three shellfish
homogenates in the same format to ensure that any mexpected
prohlems were encountered and addressed preor to the official
stady. The practice samples consisted of 2 pepative commol
mm=sel bomogenate (MLV15), and two natorally contaminated
samples that were also inchded in the full stady (MLVOS
and MINEL). The identity of the practce samples was not
made known to participants. Fesults of the practice nm wers
submitted by e-mail o the coordinating laboratery for review
before procesding with the fll sady.

Faor the mouse bicassry, panticipants followed the AQAC
official mouse hicas:ay metod (A0AC Method #50.08), wit
the exception of a modified 0.1 M HC1 extraction protocod used
in the RBA protocel, which was modified enly by scale so that
5 ml 0.1 M HCI was added to § g of shelifich homogenate,
with all ather aspects of the extraction protece] being identical
The HFLC laboratory followed the precolumn exidation HPLC
method for PST (AQAC Method 2005.08); however, final
concentrations in pekE and ue STX equiv. kg were calonlated
nsing the formmla weight of STX &iHCI [372 daltons (da)].
25 opposed to the free base (2903 da) in the standard HPLC
proincal, to mere directly compare with the FBA.

Data Analysis and Repartimg

Participants were asked to repont whether they used a
standard or microplate scmtillation counter for the stdy and,
if a mirroplate comnier was used, which modsl because of
differences m mberent counting efficiency between  ouTent
commertially availshls ommbers. For data analysss, participanis
were instructed fo mse GraphPad Prsm software (La Folla
CA) ar the oo-board cuove-fiting sefiware provided with
thedr microplate scmtiflation counter e g, PerkinEImer Wallac
MultiCale (Gaithersbarg, ML) or Packard Top Count softwane
(Packard Instnument Co., Menden, CT), and to report what
software was nsed. Foranalysis, a foor parameter lopistic fit. alse
knowm as a sipmoidal dose response with vamable shope, or Hill
equation, was presibed Participants presented their analyzed
data on the spreadsheet template provided, inchiding assay
quality parameters (slope, IC,,. md quanfification of the QT
check sample), between-well CV's for each sample ditation that
fell within the linear part of the standard curee (0.2-0.7 BB, ).
and calculated vakes for these samples in the well (pM), n the
extract (g STX equiv./mL), and in the shellfich tismue {pg 5TX
equiv. k=) Partscipants were also asked to report all ew count
data so that all results could be amalyzed by the coonfinating
labomtary using identical softeare (GraphPad Posm 4.0) o
assess whether systematic differences m quanithcation arose
from using different cmve-fittimg sofiware. All data were
reponted wia e-mail to the coordinating Inbaratary.

The calculated tesults sheets were reviewed by the
coordinating laboratory for obvions emors m dilotons and
calrulations and for use of the presorbed ourve-firing modsl
was consulted for conomrence. The reviewsd resnlts were then
nsed for evahmation in the collaborative study.

Siafistical Evalustion of the Collaborafive Shudy

Faoreach sample anatyzed outliers were first determmed using
the Grubbs test af a probability vale of 1% (www.graphpad
com), with ne more than one ouflisr removed, 5o that valid dam
rexmained from a miniomm of eight nboratories. The mean 5,
and RS0y, and HorFlat valoes were then caloulatsd for each
Interlaboratary Study Workbook for Blind Duplicates, v2.0, was
nsad to farther evahuate for ootliers and determine 5, and RS0
GraphPad Prism was msed to determine comelation ameng the

ACAC Dfficial Method 201127
Paralytic Shellfish Toxins [PSTs) in Shellfish
Recsptor Binding Assay
[Firet Action 2011
[Applicable to the determination of paralytic shelifizh fexns
{PSTs), as pz ST diHC] equiv.kg. in shellfish (omsseds, clams,
scallops) at levels =140 pz STX AHC equiv.kz, with a Hmit
of detection (LOLY) of 45 5TX &HC] equiv.kg shellfich and a
limit of quantification (LOC of 126 pg STH diHC] equiv. ke

shellfish |

Caution: Wear dispesable gloves and protective labomtory coat
while performing the asay. PSTs are pewronsins
that are harmfid if ingested The assay uses a tmithmm
labeled fracer, [*H] S5TX at low concentration

Proposal 27-126
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Al labaratories perfwming the assay must have
approved diaton bboratery space and mmest follow
mrocedures prescribed by their maclear regulatory
azency for receipt, use, and disposal of isotopes.
See Tables 2011217TA-E for mesults of the mterlabomtory
stady supporting acceptance of the method.
A Principie

Test portioms of shellfich hamireenates are extracted usmg the
ADAC mouse bioassay extraction protocoel (959.08), modified
by scale The PST recepior assay is 3 competifive bindmz
assay i which [*H] 5TX competes with misheled STX in
siandards or mixtores of PST in samples for a finite mmmber
of available recepbor sites (site 1 on the voltage gated sodinm
channel) n a @t bram memhrans preparation. Following
estabilishment of Yindine equilibrium at 4°C, unboumnd ['H]
STX iz removed by filtration and bound ['H] STX is quantified
hqumdmﬂnm:mmg A standard curwe is
nE_n}g increasing concentrations of ST standard from 107 to

M STX, which resulis in a reduction in bound ['H] STX
that is directly propertional to the amount of unlabeled toxin
presemt. The concentration of toxin in samples is determined
in reference to the standard corve. Incubaton & camied oot
in a microplate format o minanize sample handing and te
mﬂmmw[’mmmmw
mimmie; CPM) can be determined esther by comventional or try
miroplate scintillation counting. Bath methods are mchded in
thds protocol.

B. Apparamus and Supplies
(a) Traditional or microplate scinillation conmber.
{b}_lﬁnwpu;m—l—lﬂm pL variable wolmmes and

{c) Bg}uchmlw—S—EﬂﬂmeﬂvMIﬂ
disposable tps

(d) Bd-Frell m_ﬂmm.—'ﬂﬁﬂl 10} pm pore size
type GF'B glass fiber filter 063 wm pare size Curapore support
memtrane (Millipoare, Bedford, MA . Cat No. MSFE NGB 50].

(&) Multiforeen varuum manjfald —Millipore: Cat. No
NEVMHTS0.

(f) Fincuem promp.

&) Cenrjlize tubes—15 and 50 ml. comical, plastic.

() i difution aubes in Sf-tube array.

[ii] Snm’n-ngm—ltﬁ.ﬂm Cat. Mo MATA HCLOO.

(m) Foiumerric Tk —1 L

(m) B0°C fraezer.

{8) Rgfigeransr.

Far raditonal scmeillation counter only:

(p) MulitSoreen punch device —Millipore; Cat Mo MAMP
09408,

() MuliiSorwen disposabile punch tips —Millpore; Cat. No.
MADP 196 10

(1) MiitEScreen punch kit B for 4 mL vials —Millipore; Cat
Ho. MAPE 204 0B.

(5} Scitliatgon viols—4 mL.

Far sampie exiraction:

(&) Pipars.

() Cenirjfupe mubes—15 ml. comical, plastic.

(%) Facuum pumgp or BOLSE VICium .

(W) pH meter or pH paper.

{x) Hot plmte.

{¥) Graduated centrjfieze tubes—15 mL.

() Contrifiepe and rotor for 15 mL fubes.
C. Reagents

) FH] SIA—01 mCl.-'mL 210 ﬁ-‘m:m]. 200%
radiochemical purity

b)) STX JiHC].—I5T BM 641 (wrarw nist. gov).

{c) 3-Morphalinopropanesufonic  acid  (MOPS) —Sizma
(5t Louss, MO; Cat. No. M3123-300G). or squivalent.

{d) Choline chioride—Sigma (Cat. Mo, C7527-300G), or
aquivalent.

(&) Rar bratn membrane prepararion —See dppamndit.

Far maditional coumnter:

() Scntverse BD Gquid scintiflofion cocktar —Fisker
Scieptific (Waltham MA Cat No. 53-18), or equivalent.

Far microplate comnter:

{g) Optiphase Gguid scimtilefon cockai —PerkinE mer
Life Sciences (Deowners Grove, IL; Cat Moo 1200-13%), ar
equivalant.

For sample exracton:

() Bydrochlaric acid (BCT).—1.0 amd 01 M.

(i) Sodium kpdroxide—0.1 M

(i) Winer —Diistilled or deionized (15 pi).

D. Sample Exzracnion

Accuzately weiph 5.0 g fissue bomopenate info a tared 15 ml.
conical tube. Add 5.0 ml of 0.1 M HC], vortex, and check pH-
If necessary, adjust pH to 3.0-4.0 as determined by a pH meter
ar pH paper. To Jower pH, add 1 M HC] dropwise with mixing
to raise pH. add 0.1 M NaDH dropoiz2 with miding to prevent
lecal alkalinization and comsequent destrocticn of toxin. Place
the fube in a heaker of botling water on a hot plate for 5 min with
the caps loosened. Femowe and coel to room temperatme. Check
pH and adjust coaled mixtare to pH 30420 as described above.
Transfer entire comtents o praduated centrifiape tube and dilats
volmetrically to 10 mL. Genily stir contents i homogenesty
and allow fo setile unil perton of supematant is Ganshcent
and can be decanted free of solid particles. Pour approximately
5to 7 mL of the rapskicent supermatant info a cenrifame hobe
Cenfrifiree at 3000 « g for 10 min Fetain danfisd sopematant
and transfer i 2 clean centrifigze twhe. Store extracts at -20°C
until tested in eceplor 2ssay.

E. Preparagon of Stock Solumons and S@ndaros

() Arsay buffer—100 mMMOPS 100 mM choline chinide.
pH 7.4. Weizh out 20.8 g MOPS and 13.96 g choline chloride
and add to 900 ml L0 Adwust pH 1o 7.4 with NaOH while
stimring and bring io 2 final volme of 1 L with dH.0. Siore at
.

(b} Rodioiigand solution—Calrulate the concentration
of ['H] 5TX stock provided by the supplier, which may vary
mmm@umllylu-mcbmd}mmmmm
{0.050] mCiml), from which the molar concentration can
be caloulased Prepars 4 mi of a 15 oM working stock of ['H]
STX fresh daily in 100 mM MOPS100 mM choline chleride
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Table HH1.2TB. Summary statistics on blind duplicates, run in separate assays [values are in pg STX diHCl

Proposal 27-126

equiv./kg)
WLVTE MLVDS [* &V LTS [FETE T
Lab Aoy 1 fusay 2 Aosmy 1 Ansay T Aoy 1 Asnay 2 Ay 1 Asay 2 Aszay 1 Aosay 2 Aeg.
1 I SE0 1100 1250 12=0 1o a80 10 ) 430
2 510 &70 1240 1= 1540 1530 BB el Eriil 350
3 B0 250 1230 360 20 1350 ‘850 Han 480 &0
£ £10 &30 40 L] 1=E0 1000 am =10 340 280
g &30 |10 120 irsd 1ren 1720 |80 =30 (1] 550
5 om T 170 2= 1530 4BED N 1320 450 [
T B30 BEO X0 20 =0 1150 1£60 1530 a3 14ag"
B E-1-h) |40 230 BTD 1210 2150 220 1120 [=11] 410
k-] 330 300 B=a 1250 40 a0 550 Em 140 250
g B4 453 1433 1052 418
B 183 432 366 47 B3
Sa 235 a8 387 3Es 152
RED, % Py o 294 x5 33 200 251
REDe% 383 302 o s 36.5 329
HorRat 23 20 1B 20 20 20
¥ Dutier: not used In cakculabion

at an in-well concentration of 2.5 oM. Measuze tofal counts of
each working stock prior to muoning an assay: add 35 pl of
the working stock STX m tuffer i a hquid scinfillation
vial with 4 ml scintllant and count on 2 aditonal Liquid
scimtillation coumter This is dope o confirm comect dilution
priar bo rumming the assay. Dependng on the eficiency of the
scinfillation counter used, the comesponding CPM will vary, bat
should be consistent day-to-day and within 15% of the expected
value.

{c) Uniabelad STX stondard working solution.—The STX
diHC] standard is provided at a concemtration of 168.8 pM
{100 ppml) A “bulk™ standard corwe can be made up in
advance and stored at 4°C for up to | menth The use of a bulk
standard corve minimizes the pipetfing needed for sstting wp
an assay reinely and improves day-to-day repeatabilicy. Make
up 3 mM HCl (eg., fom a 3 M sock, 50 pL in 50 mL), then
performn the serial dilntons (zee Table 2011 27F) of NIST M
B642 5TX diHCI (100 ppml = 268.8 M) to make up the
standard corwe in 3 mM HCL These standard stock solotions
will be diluted 146 in the assay to yield the desienated m-assay
concenimations (ree Table 2011 _27F).

(@ hmmmmrg’m-w
rmmmmmglhlﬁ M 5TX standard
{iﬂxlﬂ"METKllasaﬂm:dumem!mMEmmd
keep frozen (—20°C) in 1 ml akiquots for long-term storage.
Alliquots. should be thawed and stored at 4°C for roudine usa
{stable up to 1 menth) and analyzed in each assay. This serves
a5 2 QC check and confimmes day-to-day performance of the

255AY.

() Rar brain membrane rreparation —Prepare mt hrain
membrane preparation D tolk (tee dppemdit Rar Bram
Mermbrane Preparation)) and store at —B0°C until used m the
aszay. Thaw an aliquot of mt bain membrane prepamtion on
ice. Dihee membrane preparation with cold (4°C) 100 mM

MOPS100 mM choline chiarde, pH 7.4, to vield a warking
stock with a protein concentration of 1.0 mg'ml. (tis wal be
difited m the assay plate #o 0.5 me'ml. in-well concemration)
Vortex vigormsly to achieve a visibly homogeneous suspension.
Eeep the diluted membrane preparation on ice uoil ready i ase

F. Performing the Assay

{a) Piate seryp—When possible, use a multchanne] pipet
to minimize pipetting affort and increase consistency. Standard
omwe, QC check, and sample extracts are nm in miplicate
wells. Multiple ditlwtions of sample extracts should be analyzed
in order to obfin a vahe that fafls betwesn 0.2-0.7 B/B, on
the standard corve fir quantification. For ease of analysis, it
is comement 0 use 3 sandard plate layout that maximizes
the mumber of samples and standards that can be analyzed an
one plae. For shellfish exiracts, a minipmmm dilution of 1:10
is wsed, which minimizes pofential matris effect, while sl
providing an LOG) of approximately 126 pglkg shelffish (ree
Tahle 2001 237G

(b)) dddition qf sampier omd siodards—Add W the
following order to each of the 9§ wells: 35 pL assay buffer;
35 pL 5TX standard, QC check, or sample extract; 35 ul
['H] 5T3C: 105 pl. membrane preparation. The assay buffer is
added first in order to wet the filter membrane It is critical o
contimsmesly mix the membrane preparation by carefil op-and-
down pipetting immedixtely prior to dispensing into the 96-well
plate to maintain an even suspension amoss the entire plate.
Cover and inrubate piate at 4C for 1 B

{c) Arsay fltration.—Atach the vacunm mamifold to the
vacun pamp with an in-line side arm flask to catch filirate from
the plate filiration process. Set the vacwom pressure Fange oo
the pump or vacuum manifold to 48" Hg (135-170 millibar),
& specified in the insouctions provided with the fltration
plates. Place the 96-well plate on the vaomm manifold Fill
empty wells with 200 pL. MOPS/'choline chloride buffer o



802 VAN DWOLAH FT AL JOURMAL OF AQAC INTEENATICNAL Vi, 95, No. 3, 2012

Table 2011.27C. Performance of individual laboratorles on
biind dupdicates (values are In pg STX dIHC equikg)

Lab | +} Cay1 DayZE  biesn 5, RED, %
1 MLVTS il =0 4TS 1£8 Ha
MLVIE 1800 1220 135 1348 1z
MLV 1260 plpl ] 1135 T 1558
MLV BeD a1 B 35 42
MLV i} 430 30 LR E] 2.3
Ay, 8.3
z MLVDS oS &M 638 48 T2
RILVDE 1340 1520 430 izr R ]
LV =40 1530 535 T as
MLV BBD 1150 S 361 385
MLV 3 3= 30 14 s
Awg. He
3 MLVDS E20 5 435 262 &1
MLYDS 1320 1460 1320 ) 74
MLYTT 12N 1203 1= =) 4T
ML 550 113 040 zr 122
BV 480 450 4T 12 30
M. 174
4 RILVTS a4 430 420 £

4

Iz
MLVTT 1380 1000 1450 w3 465

L ] ] = 40 4z

4z

5 MLVTS 650 Lyl o0 155 134
MLYDE 1360 1720 g1 s ME
BALNTT im0 2o 1740 = 15
L] 58d 1830 1305 450 353
MLV B4l 55 595 & mr
Aug. 1|3
B BILVDS L] 700 2 x2 i
MLYDE 1720 2520 120 -] xT
MLT7 1530 1880 1885 3 3=
BILVTE 1z 1380 1255 11 =2
MLV 430 (== 1] 555 rd 1es
Awg. =4
T MLYDS B30 Bad 755 T 24
MLYDE 080 1240 1665 e >
MLATT TR0 1150 1450 424 a3
BLYE 50 1830 1645 61 =3

BN s 1sr"
AL 283
-} MLVIS == =40 ‘|0 138 =7
MLVDE 2130 -rye] 1500 91 =94
MLV 10 215 1e=0 BES 30E
MLV B2 Ha T 2z Pak:]
ALV o 410 o L ]
Mg, 344

Tahla 2011.27C. (conmnusd)

Laby [ +} Day 1 DayZz  Mean 5 RED, %
L] MLVDS 330 3m NS 21 BT
MLYDE =50 1250 o 255 138
MLVTIT ==1] 8es a5 4.1
MLVTS 50 E70 T30 a2 g
MV 11 =0 =0 =5 550
M. 33
Oweral
g 23

ENSIHE EVER Vaommn pressure and filration across the plate
Tum oo vacmm Cptimum vacuom will pull the wells to
dryness in 2-5 5. Pull contents of all wells throwugh wntil all
lipuid is removed. (Wore: Too low a vacumam will result i show
well cleamance, but too high will result in an amlock and no
well clearance) With vaomm pump nmning, quickly rinss
each well twice with 200 pL ice cold MOPS choline chioride
is remowed.

(d) Preparation of the amsay for couwntng —Femove the
plastic botiom from the plate. Blot the bottem once oo ahsorbent
toweling.

(N For coumting in micopiate scvglation  counter—
Flace the micreplate in a countng cassetie. Seal the botiom
of the Sf-well plate with sealing tape. Add 50 pL Optphase
top of the plate with seafing tape. Allow to incubate 30 min at
room femperature. Place the plste in a counting cassetie and
ot in a microplate scntillation counter for 1 minfwell.

{7 For counting in traditonal sciilimion couter —Place
the mirmoplate m the MultiSoesn punch system apparahzs. Place
the dispazable mumch tips on top of the microplate. Punch the
filters fom the wells into scntiliastion vials and A1 with 4 ml
scimfillation cocktail (Sontiverse or equvalent) Flace caps oo
the vials and vortex Allow vials fo sit overnight in the dark, then
Coumt using a trtham windew in a taditional scintillation coumer
&. Analysis of Da

For assays performed using the maditional counfer, curve
fitting is performed using a fou-parameter logistic fit. ako
koowm a5 a sigmoddal dose response curve (variable slope; tee
Figure }11.17), or Hill equation:

may — min

i e TOTT T ey
where max is the top platean representing maxiomnm binding
in CPM in the absence of competing nooradialabeled STIL
also known as B, min is the bottom platean, equal i@
nomspecific bhinding (m CPM) in the presence of saturating
nonradislabeled toming IC,, is the ihibitory concentration
at which CPM are 50% of max-min {dashed lines; Fizure
2011-27); Hill slope iz the slope of the curve; x axis is the
lop concentmation of ST and y axis & tofal ligand binding
in CPM (here represented a5 B/B. or bmmd'max boond). A
ourve fitting packape such as Prizm (GraphPad Softeare, Inc )
is recommended For the microplate coumber nsers, receping
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Table 201127D. Calibration curve and GC check parameters in three receptor binding assays performed in

nine participant laboratories
Aszay ICs, OC. Referance, |G Slandads where RSD Curve fiiling  Sanbiiation Manual
Lab day Siope oM oM CPM n *30%; action saftware counier micopiaie
1 1 o3 18 24 720 050 Hone Prismv 302 Fackard Top  Miciopiaie
Count
-10 28 25 733 085 Hone
3 a1 21 3z 1038 092 None
z 1 -11 18 38 116D 0.65 InM; 1 wellremoved  Prismv50  PackadTop  Micropiate
Cout
2 12 22 33 1260 065 Hone
3 -0 15 3z 1262 D.46 3 nM, 1 nM removed
3 i -10 20 23 253 041 Firstcolumn removed  Prism v 5.0 Wallac Microbeta  Micropiate
Z 08 20 1463 092 1000 nM; 1 wel removed
3 10 16 2§ 2086 06D Hone
4 1 03 17 1125 061 Hone Frismv 303 PekinEmer Manual
Tricart
2 -2 17 32 1EH o7 Hone
3 09 12 29 1324 0.45 30nM 35%; 1 well removed
5 1 09 14 33 1566 064 1OnM 1welremoved — MufiCaic  Walac Microbeta  Micropiale
2 12 14 36 1528 105 0.1 nMand 30 nM; 1 wel
removed
3 -2 14 23 sz 067 Hone
[ i -11 25 30 670 1.15 Hone Prism v 40 Wallac Microbeta  Micropiate
2 -10 20 40 112 1.08 Nome
3 -11 34 65 80 2040 Hone
7 1 04 18 28" o9 0.3 Hone Prism  Wallac Microbeta Micropoiate
2 AD 18 27 619 o070 None
3 -08 21 32" 693 0.82 Hone
8 1 -12 17 37 1145 0.E5 Hone Prism  Waac Microbeta  Micropiate
3 -i1 14 15 1095 078 Hone
3 -1 24 23 BEE 1.04 None
3 1 -14 22 40 1363 0% Hone Prism  Walac Microbeta  Micropiate
2 -0 20 32 1380 0.BS 100 nik 33%; lefi in
3 A0 21 37 1532 082 Hone
* One well nemoved.
*  Dutside of Epecificadons.
°  Qullier by Grubbs test.
assay applications provided by the manofacturer may be used
{22 MultiCalr; PeckinElmer Wallac, Gaithersburg, MD). (M S e ¢ mple o 3 DL el wdene)
{’} gl Mtﬂkmw qlmm e = i ST ey b eirast T
carried out anly on dihetions that fll within BB, of 0.2-0.7,
ﬁiﬁwﬂ.mﬁ m’ﬂpﬁ% gﬁf mm.mm.hmxn&‘nxmﬁxﬁ%
Where maore than ene dihution falls within B/B, of 0.2-0.7 on = ) STH AIHC] e Sl
the curve. all sample wells comesponding to these dihtions are
used to calculate sample i CODCEMTALIONn “mm.quug::::“g%!_umdnquw

is caloulated in pp STX $HC] eguiv. kg shelifish, from the

H. Assay Perfumance S@Endards
The following criteria mmst be met for assay acceptance:



804 VAN DOLAH FT AL JOURMAL OF AQAC INTEENATICNAL Vi, 23, No. 3, 2012

Table 20112TE. Results of the receptor binding assay (RBA), mouse bioassay (MBA), and HPLC analyses of
H shellfish extracts, sorted by mouse bioassay value (all values are in pg 5TX diHCl equiv. kg shellfish tissue;
resulis in bold indicate toxicity above the 800 pg 5TX diHC] equiv.ikg regulatory limit; all other results indicate

toxicity below the reguiatory Emit)

Sampe Lab1 Lab2? Lab3 lab4 lab5 Lab6 Lab7 LabE LabD RBA.awy. HPLC MBA
1 MO* ND ND MD MND MD MND ND ND MO ND ND
5 160 20 20 150 150 100 15 25 1m 163 108 ND
15 330 7 410 180 so0 560 Im st o 365 196 182
13 270 Im 4E0 340 540 200 240 500 110 an 236 209
20 430 3= 460 Z80 S50 480 1Ns50° 410 250 403 236 209
14 400 1240° 560 450 650 530 500 4411 2 465 625 343
i 3D 510 620 410 590 wre et 560 330 509 413 387
18 550 670 250 430 o10 700 sep®  oap® 300 627 413 387
3 &0 150 140 a0 130 160 230 e 10 143 341 405
[ 950 340 WEd 1130 1040 750 s 1320 B0 w51 B18 485
7 =] 330 1080 E70 B4 1320 1450 2420 490 3e0 BES 528
2 1100 1340 1330 1440 1200 1720 WE0 230 ESO 1478 L 505
17 1230 1520 460 370 1800 2520 1470 570 1250 1450 33 525
4 B0 &80 950 g70 580 120 1480 20 sop 326 Wwr 653
12 810 150 130 B0 1630 1330 1880 21120 87O 1203 Wr 653
n 1260 1540 130 1880 17E0 1530 16B0 120 B4O 1444 565 T4
18 1918 800 1330 1000 1720 W6e0 1520 2150 B30 1452 365 T4
B 1260 1520 1580 M0 1700 3980 140 ITED 520 1683 B34 752
3 830 180 13 M50 T30 TR0 1340 980 600 134 BO2 7o
13 1640 2130 2800 2 26ED ZIW 1850 330 2740 1E30 2374 2000 10ET
10 2440 2840 2310 174D 2150 1800 2630 S0 1210 2953 1830 1080

® WD = Mot ostecied.
! Dutiler; not usad In average calculalion.

{a) For a lipand that specifically hinds at one receptor site,
the slope of the resulting competiton curve should theareically
be —1.0. If the slope of the curve for a given aszay is oufside
of the acceptable range of —0.8 1o —1.2, lineanity of the assay
will be compromized and quantification of the minowns will
e meomect.

(b)) BSDs of tiplicate CPMs for standards should be below
3% as variability may affect the slope calculation and therstry
quantification of smplss.

{c) I the ICx s ot of the acceptable mope (2.0 oM = 30%)
then the assay should be considered suspect and remun, as a shift
in the curve will result in owes- or underestimation of sample
ConCEnTations.

(d) QC check should be 3 oM STX = 30% (m-wel

jon). Assays with a QC cherk sample out of
specifications should trigger a check of the IC,, vahie.

The following criteria mmast be met for acceptability of a
sample measurement

{a) Sample quanfification should be done ooly on dilations
that fall within B/B,, of .27, In the event that all sampls
dihutions. fall below B/B, 0.2 (ie, concentration is too high),
further dihstions post be made and the sample reanalyzed In the
event that the sample concentration is too Jow to be quantifisd
{Le. BB, > 0.7). the sample i reported as below LOD. If more

Table 20112TF. Dilution series to prepare bulk

solutions for standand curve
Stock, M In-assay, M
100 L 2568 UM S5TX + 4.38 mL BE 10" 120
0.003 M HCI
500 pLE X 107" M+ 4.5 mL 6% 107 1540
0.003 M HCI
1.5mMLER 107 M+3.5mL 1B 3xqo?
0.003 M HCI
500 WL E X 107 M+4.5mL 6% 107" 1%10"
0.003 M HC
SHO0pL 1B 107 M+ 45mL igxar® 3xar®

0.003 M HC1

SMOpLE X107 M+ 45mL
0.003 M HCH

S0O0pLEX10Y M+ 45mL
0.003 M HCH

S mL 0003 M HC

&¥0 1%
sx1r™ x4

o Reference
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Table 201127G. Recommended microplate layout for ease of handling triplicate wells of standard curve, GC
check sample, and unknowm samples; each sample is un at three dilutions {1:10, 1:50, 1:200); standard curve

is run in columns 1-3 {values are in M 5TX)"

Micropiate column
Micropiale

o 1 @ 3 4 5 [ 7 8 o 10 1 12
A e e e ac ac ac u3 u3 u3 3 i3 [T
1:50 1:50 1:50 10 120 1:10
B 1w o 1w H u 1] u3 uz u3 ue UG us
I 10 T 1200 13200 10 150 150 150
c 3w axr? axr® H U ] [T} U4 3 ue us
150 150 150 1:10 110 110 1200 T30 200
1} i b i we u u H ] U4 U4 u7 u7 u7
1200 £200 1200 150 1:50 1:50 A0 100 1:10
E 3w 30t axirt owe uz uz L 4 u u7 u7 u7
10 110 L0 1200 1200 1200 iS00 1950 150
F 1 wt e 2 uz u2 us us us u7 u7 u7
50 150 150 110 1:10 10 1200 30 8200

G ™ | GacES |- e 2 u2 uz us us us

1200 1200 1200 150 150 1:50

H REF REF REF u3 u3 uz us us us

1T 1 T 1200 13200 1200

" REF = Reference; QC - qualty conirol check; U = unknown

 [Note: The 5ame SEnand corve may be used for mutiple

piates (Le., 11 Sampies can b8 IUn on sUbSSuent plates in 3 senes I the sEndand curve 15 nat incude) |

than one difution fafls on the lnear part of the curve, an average
value calculated from all dilntions should be used. If there iz
disapreement hetween different dilntions m final concentration
reported, check for emor in the sampie dilation process.
() R5D of the sample CPMs should be =300
Refersnce: J 4040 Ini. 85, TO52013)
Results and Discussion

Sample Characlenzation
All shelifish homopenates (MINV1-14) were analyzed by

ibE 8o 5

CEM (BBl

ram e i [

] & i »

e
g e
Ing (Caneanretian

Frgure AM127.  Sigmoidal dose response curve.
Dashed lines indicate log ICa.

W5 ) fo deftermine foxin congensr profiles and quantify todal
PST as pg STX diHCl equiv./kg prior to initiation of the sudy
(Table 2). It is notewortry that the clear majority of samples,
imespective of shellfish species and location, were dominated
largely by 5TX and GTN23 whereas the Ni-hyinmylated
congeners NEQ and GTX1.4 were wirtaally absent, except
in blue mmrssel fom the U.S. west coast The most unusual
mofile was observed in gresn musse]l, which was demirated
Ty the weakly tomic N-sulfo-carbamoy] congeners C1,2. The
samples were anabyzed by the AQAC mense bisassay (AQAC
Method 95908 by thres Iaboratories that routinely perfomm the
mamrse hioassay for repulatory purposes (Table ¥). The momse
bipassay detection limit is apmEoximaely 400 pg STX HHCL
equiv.kg (one Iaboratory reported valses as low as 200 ug
that bracketed the lower regulatory limit of 400 pg STX GHCL
equiv. kg, several samples were reparted as being below the
mrse bioassay detection limit For samples in which all values
were above the detection threshold the between-labaratary
B5Dy, of the mouse binassay was 15979,

Data Reporfimg and Inifial RBA Data Review

Hime of the 10 laboratories that received the study materals
the practice assay and reported result= to the coordinating
laboratary, which evahuted the results and provided feedback
o the participating laboratories before mitiating the fill stody:
Following completion of the full smdy, the participating
Iaboratories provided all mw and calowlated data for each of
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the three assays performed wia emadl to the coordimating

and calonlations, mnd for the use of the prescribed curve-fitting
maodel Ome laboratory used a sigmoddal oorve-fitting modal with
the slope set to 1 (one-sife binding corve in Prism), rather than
thee prescribed foar-pammeter lopistic fit In this case, the
data were reanalyzed by the coordinating laboratory using the
prescribed method. Ofwious ermers in caloolation were comected,
such a5 accounting for the two-fold sample ditatson resuliting
fom the extraction process. In some cases, the panticipating
labwwatary camied owt a fourth assay doe o vamability or
inconsistency among ditutions for selected samples. In these
cases, the value reponted from the repeat {fourth) assay was
17530 and 17200 dilutions when both f2ll within B/B, 0.2-0.7.
In all cases the 1200 diliton oversstimated almost two-fold
relative o the 1750 dihation, suggesting a systematic dilution
emm. In stndard practice, these samples should be renm
However, the instractions did not direct the participants io do
50, Therefore, where there was comobomtive evidence for the
value reported by the 1750 dihstion, based on the 1/10 dilution,
the 1200 dihmion was omifted Where there was no basis
an which to exchade the 1200 valie, an average vahe was
calrulated. This tended fo resulf in an oversstimate. and in two
cases resulted in statistical ouiliers.

Cwverall Performance of the Method: Reproducibility

Table M0IL2TA supmmarizes the results obmined for 21
indivacthaal shelifish samples analyzed in three REA s, determined
Iy mine participating laboraionies. Samples 1-7 were analyzed
in the first assay, samples 14 in the second assay, and samples
15-21 in the third assay Ameng these samplas were five blind
duplicates, treated bere as individual onknown samples. One
sample (marked by an feotnode a m Table 2011 27A) had a high
variability im CPM between wells that was not atnbuiable i
any known casse, and was, therefore, omitted fom analysis.
Cnriliers sdentified by Grabbs test (P < 001 were sxchided from
the analysiz (marked by footnote b in Table 2011.27A). The
owerall RS0y among all 1] mdependent samples was 33 2%
resulting in an average HorFat vaiue of 2.0 (Table 2011.2TA).
The HorFat vaioes on mdividual samples ranped from 1.4 to
33, with a median vahe of 1.§. There was no apparent rend
in reproducibility according i sample Cconcentration of amens
shelifish species. If only the laboratories that ane routine nsers of
the REA for PST (Laboratories 1-5) are inchided in the analysis,
the average B.5Dy, is 13 1%, resnoitng n an average HorRat vale
of 1 4. Laboratery © tended to repart the lowest vahses among
the participating laborataries (14 of 21 samples), and altbouzh
its individual sample vakies were not foumd to be statistical
outliers, remewving the results of this sboratory reduces all
hume}hﬂnﬂlmtnh.chmmgaﬂ yielding an
average Horfat vakoe of 1.8 (moge 1.0-18; Table 2001.2TA).
Femoval of any other single labomiory™s results does not
appreciably chanze the overall study performance The reason
for the systematically low values reparted by Labomsory §
is mot clear, since the assay parameters fall well within thase
reported by the other laboratories. Given that assay parameters
are within normal ranze, one possible sooce of sysiematic error

omild be incomplete extraction or pH adjustment of extracts,
either of witich would result in lower toxicity vahues.

A comparison of the FBA reproduchility with that of
existing AOAC Officinl Merhods is instructive. The ACAC
collabarative shady of the monse bioassay (11), which enfailed
the amalyziz of seven samples representing three levels of
STX-spiked shelifish by 11 participating Iabominries, yielded
a similar average BSDy of 2% More recent proficiency
tests of the mawse bisassay performed in European repulatory
laborataries report RS0 of 2.3-383% on three samples mn
by eight labomtories (2) and B5Dy of 12.1-44.58% on o
samples mm b 20 labomatories (1X) The mouse bioassay
RS0y, vahies obtained i the cumrent study moped from 1.1 @
46.3% (average 19%%) for three Iaboratories. The collaborative
studies of the HPL.C methods repant reproduocibility vahies for
indnridual PST comgeners, bt do mot report reproducibibity of
the composite towdc pofency vakes. Collabortve stady af the
precolimn oxidaton HPLC method (A0AC Method 2005.08)
resulted i an averaze RSDG, of 17.0% and HorFat value of
13 {mnge 0.8-1.1) for STX following C18 cleamup, b the
reprochecibilify of other cangeners vaned considerably, with the
maximum HooRlat value (4.7), exceeding the highest HorFlat
valne obtained by FBA(3.3).

Beramse composite toxic potency values were mot reported
in the stadies of the HPL.C methods. it is uncertain how this
varishility influences the composite towic potency calonbsted
from these methods The average and mnges of Horfat valoes
obiained for different congeners weres peoSTX-1.7 (range
12-25), deSTR-L1 (mnge 0.5-11); GIXL4-19 (range
L1-4.2), GTX2,3-1.4 {ange 0.5-1.9; B1-1.1 (range 0.7-1.9);
and C1.2-1.6 {mange (.54 5). Becanse of the variability obixined
in penSTH. GTH14, C3.4, and B2, ADAC Method 200506
nﬂsfﬂfasecmdSPE—CDﬂEdempofsmqﬂﬁﬂrspamd
af coofaming these afier which
improved somewhat neoSTH-1 B {manpe 1 3-11); GTX14-13
{range 1.0-2.1); and C3.4-1.7 (Tange 0.5~1_E). The postoabuomm
axidation HPLC method (A0AC Method 201107} reported an
averape Horfat vahee of 0.6 for 5T In this method, nepSTX
with an average HorBat of 1.9 {roge 0,5-2.0) and GTX4 with
an averape HorFat of 1.6 (mnge 1.0-2.9) had reproducibility
values that may affect the overall composite potency vahies
The maxinmm HorFat vale (4.0) reported in this shady also
exceeded the mandnwm vahe reparted in the RBA

In summary, with the remeval of Laboraiory 9, the overall
remoecducibility of the RBA falls within the performance
measures achieved by the established AQAC Cificial Methods
for PST. The difference m reproducibility achieved by the
labsorataries that are routine users of the assay and participants
who are ot routine users of the method highlishis the
impartance of training if this method were to be implemented in
a repulatory setting.

Within-Laborafory Repeafability

Within-ixboratory variability (B5D0,) was determined on five
samples that were provided as blind duplicates Participanis were
mmaware that blind duplicates were included among the coded
samples received The duplicate samples were coded so that
they were analyzed in separate assays. with different duplicase
pairs falling mto diferent aszays (Table 1) One outlier was
found amoep the results of the blind duplicates by Codman's
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test, P = 0025 (Laboratory 7, sanmple MIV11) using the AQAC
INTERWATIONAL Interlaboratory Shudy Workbook for Blind
Duplicates, v20 An overall BESD. of 151% was observed,
with an RSDy of 32.9%, yielding a HorRat walne of 2.0,
simitar to that of the overall shady (Table 2011.27B). When the
perfommance of individual Iaboratories was evalmated separataly,
the average RS0, was 121%. with individual Iaboratomies
varying from 11.8 to 34.4% (Table 2001.37C). Roufine users
of the mirroplate format of the PST FBA (Laboratories 1-5)
obizined an average ESD, of 17.1%. which is similar to that
uhmu:!mteﬂﬂ.’smh{lﬂ}.mdhaﬂ:mﬁnuhmai
Ty nOnTOULne users 607, which averaped 26.1%
and ranzed as high as 34.4%. The ADAT collaborative stody of
the mouse bicassay (11} did not repart BSD,; however, analysis
of the data from that smdy wsing A0AC INTERNATIONAL'S
Interlabaratary Study Workbook for Blind Dhuplicates resalts
in an average RSO, of 16.5% for three STX-spiked samples.
Proficiency testing of the mmase bipassay performed i eight
French Ishomtories reported an average BSD, of 8.3% on thres
samples (). The analysis of blind duplicates in the collabomtive
stdy af the precohmmn oxidation HPLC method {AQAC Method
2005.04) resulted in an BSD, of 15.2% for STX followmgz
SPE C18 cleamp and an average ESDL of 16.4% acmess all
congeners, which mnged from §.0 to 31.7%%. Following SPE-
COOH cleanup, repeatmbility was similar, with BSD, of 17.2%
amoss all conpeners. The intralshoratory repeatabiltty vakues
obtamed in the postcohmmn oxidation HPLC method (AOAC
Method 2011 .07} averaped §.4%; for ST most other congeners
a somewhat higher B5D, 0f 23 3%,

In summary, the within-laboratory repeatability of the EBA
was found o be acceptable, with all bat o bboratories
achieving an BSD, of 23 3% ar less, and the routine users of the
assay achisving an average B5D, of 17 1%

Spike Recovery

Three samples inchided in the smdy were bomegerates of
lue mmsssl spiked with STH SHCI at concenirations intended
to bracket the remalatory limits of B00 wg STH eguiv. ke wsed
wmmmmpgmmﬂgmmn&

ominal concenrations in the spiked samples were
20, 500, and 12040 g STH equiv ke Also included in the snady
was the blue pm=zel homogenate to which the ST spikes had
been added, which was detenmined to be pegatve for STX by
the precobimn exidation HPLC method. The nepative contmol
homozenate was reported as nondetecwble by eight of nine
labarataries. Recovery of spiked 5TX by the RBA was 844,
933, and 2B 1%, respectively, for the 300, 500, and 1200 g
5TX diHC] equiv.kg splke levels, and yislded a slope of 0BT
and r* of 086 (Fizme 7). In the cmrent stady, the mouse higazsay
reporied < detection limwit, and 8.4 and 40.5% recovery for the
200, 500, and 1200 pg STX diBCl equiv.ke spike levels. The
ADAC collaborative stody of the mause hioaszay (11) r=ponad
recoveries of §3.3% af spike lewels similar to those in the oument
study (equivalent to MO0 pz ST dHC] equiskz) tut hisher
recoveries of 81 5 and 96.0% were achieved at higher spikes
levels equivalent to 4000 and 2000 we ST AHC] eguiv.ke.

The observed poar recovery o the mouse bioassay at
olserved i other smdies (7). and has been atringed w0 a

salt or protective effiect of the shelifish matrix, which, for
conceniTations af or below the regnlatory limit of 00 upke, is
imjected undiluted into the mouse. The spike recovery obhserved
in the precodumn HPLC method in this stady is also somewhat
low, with 54.0, 62, and 51.5% recovery at the 200, 500, and
130 pg 5TX &HC] equivkg spike levels, respectively. The
ADAC collsborative stady of the precohmm HPLC method
reported 74.4-76.8%: at similar spike levels following SPE C18
cleanmp and 63.7-683% following SPE-COO0H cleamup (3, 4).
In comparison, the posicolumn HPLC method reponted
BE-104% recovery of ST spiked at levels somewhat lower
than the cument sudy. The hipher recovery of the RBA than
the HPLC method in the current study may reflact the use of the
0.1 M HC1 extraction methad m the BBA as compared o the
acetic acid extraction used in the HFLC methods.

We previgusly established in the 5LV stody that the FHA
perfonns well with shelifish extracted using =ither methed (10).
In that stody, the FBA reported shightly higher toxicity valoes
far shelHfich extracts made nsing the 0.1 M HC] method than the
acetic acd extraction, yielding a correlation of 0.99 with a slope
af 1.23 (10). The higher toicity reported by the EBA n 0.1 M
HCl extracts may reflect the bpdrolysis of less ioxic congensrs
0 IOMe 00 COnERnerS.

Assay Parameters and Gually Melrics

Table MILITD summarizes the assay pammeters and
quality metrics for all bboratories. Eight of nine lboratories
usad mirroplate sontillation coumters. Labomtory 4 used the
mamial comnting method n which the microplate wedl filiers are
punched out, nsing an eight-place punch system, info traditional
4 mL scnfillation vials and counted. Its perfamance using
the mamial counting methed (B.50, 17.4%) was similar to or
hetter than that of the laboratories using the microplate method,
the perfrmance of the assay. Similarly, there was no apparent
difference in assay parameters when the Packard Top Coumt
(smgle detector) was nsed, compared to the Wallac Microbem
{coinridence detecior), although the reference CPM values
obiaimed oo the Top Count generally were somewhat lower dus
to differences m coumting eficiency inherent in the differences
in detector geometry. Eight of nine laboratories used GraphPad
Prigm for omve-fittimz, while ooly Labaratory 5 used Wallac
MniteCale soffemre. Vahies reparted by Laboratory 5 fall well
within the range of vales reported by laboratories using Prism.

All assays resulted in slopes between —0.8 and -132, as
specified i the protocol. This specification reflects the
fact that in a competitive binding assay for a licand that
imteracts specifically at a single recepior site, the slope of the
resulfing standard corve shiould theoretically be 1.0. Alhourh
ourve-fitting sofiwrare packages often inchide a ope-site bindinz
ourve that fizes the slope at 1.0, we specified in the proincol the
nse of the four-parameder logistic fit (also known as sipmaidal
deseresponse with vanable slope), because it maore readily
results. Labratary 9 reported resulfs using a one-site binding
ourve fit, m this case, the coordinating lshoratery recalonlsted
ikeedir raw daf@ using the four-parameter logistic fit. The protocol
also calls for BSD: < 30 oo all stmdards. Most analysts did
not experience varability problems in the standard weells.
Infrequent hizh F.50s were most aften associated with the well
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Table 2. Mouse bisassay results on collaborative study samples from three laboratories”

Sampie MNa. SamplelD  MBALabA MBALabE MBALabC  MBAAVD. MEAS: MBARSDe %
1 MLVOS A 415 ET] 35 T 103
- MLVTE = =7 540 a2 304 54
3 MLVTE 440 = 37 405 495 122
4 MLVIS 670 612 TED 681 TAE 110
5 MELV1Z =l <l < — —_ —
5 MILV14 450 480 4E0 486 532 14
7 MLV1E 5BE 585 47 547 564 12.1
a MLV 750 716 600 [0 TAE 114
g MLVTZ 670 115 560 T2 2829 3s7
10 MLV 2040 <l 1080 1550 ETB.A 435
H MILVTT 1480 748 670 566 4453 463
12 MLVIS - 534 670 602 1.3 i3
13 MLV1T 380 379 <l 380 = —
14 MLV13 <l 343 < 343 — —
15 MLV 400 364 <l 382 —_ -
16 MELVDS - 356 37 383 16.4 48
17 MILVTIE — T2 530 556 509 6
18 MLVTT = <l 2] 2] — —
13 MLV1D 1320 ] 870 1027 2542 48
20 MLV1T — 364 250 a7 523 160
o MLV1S <l <l <l — — e

* Values are In jag STX dHC) equivikg
* i = Detection imit.

i column | of the 36-well plate. Most analysts removed the
suspact well from the corve-fiting process. When the BESD for
a piven standard was near the stated cubaff (e g, 31-33%), and
left in the corve-fithing process, there was no apparent effect on
the curve parameters lsted as criteria for assay acceptance.

The awerape IC,; among all 27 assays was 1.9 + 045 oM
(RS0, 23.5%). The other assay quality metric called for by the
protocal & the analysiz of the QC check sample. which should
be 3 = 0.8 oM 5TX (30% BSD, m-well concentration). Four
of the 27 assays had QC values cnside the stated limirs, with
no obvious emor Tesponsible for the variability. Amens these,
Laharatary 7 reparted 6.5 oM for the (C check in assay 3 and
an ICs of 34 oM. which was outside the nomm. Similary,
Labaratary § reported a QC of 1.5 oM in assay 2 and a low
ICy; of 1.4 oM, which is at the lower edze of acceptabdlity
In peneral practice, these values would migger repeating the
aszay. However, becanse of the minimal macher of laboratories
participating in the stody, both of these assays were refaimed
in the sdy. In peither case were the reported sample vakes
systematcally hipher ar lower than these reported in the other
BIEAYE.

LOD and LOG
The LOD was caloulated based on the meanmement of the

pegative control shellfich matrix (MEV1S) using the blank +
3«50 apprmach according i Ewachem pmidelimes (13), as

recently applied to AQAC Mathed 200602, m ELISA for
domeic acid in shellfish wsing @ similar fur-paramster logistic
omve (14). All Isboratories reported <<dl for this sample using
the prescribed ol of BB, <0.7 for quantification, with the
exception of Laboratory B, which was removed as an outdier as
determined by Grubbs test (P <2 0.01). I these samples are instead
quantified nzing the BB, vakes obained, a mean of 5.5 neml
iz obiamed with an 5D of 5.7 nefml, reslting in m LOD of
45 pz ST &HC] equiv kg Using the biank + 10« 50 definition.
an LOG of 126 pg STX di HCI equiv ks i thus obtmined. We
previmesly established empirically that a 110 dilution of shelifish
exiracts is suficient o remove main: effeds i the RBA (100,
when a quantification ounedf of B/By <20.7 is used. This is the basis
far the ten-fold mintmmm sample dikution osed in the ooment
study. The FCoy values (BB, 0.7) for all standard curves nim in
the study are presemted i Table 20011 27D An averape of 0 B0 =
0.188 oM 5TX 4iHC] was chmed across all azsays, following
the removal of one outlier based on the Grobbs test (P = 001
Applying the blank + 3 = 5D fo this vake, an LOD of §4 pz STX
GHC] equiv/kg is obtamed; applying the blank + 10 = 5D o this
vahe mqults moan LOG of 131 we ST dHCT squiv ke for 2
sample ditoed 1110 and estracied as indicated in the study, in fir
aeresment with the vahe caloulated above.

Covredstion with HPLG and Mouse Bioassay

Comparizon of the RBA results with the mouse bicassay
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0 200 400 500 00 1000 1200 1400
Expacted, pg squiv.iky
Figure 2. Recovery of spiked STX diHCI in
tes of blue mussel. Values are in pg STX
diHCl equiv.ikg.

results yielied an r* of 054 and a slope of 1 64, indicating that
the BBA reparts somewhat hisher STX equivalents m shellfich.
relative to the mouse bicassay (Fipure 3). This oversstimate
ha: been previously reported for both FBA amd HPLC
methods (2, 9) at the STX kevels near ar below the repulatary
limit, which are the foons of the cument shady. Consistent with
these findings, the HPLC method also reported hizher vakies
thean the mouse bioassay o this sudy, with a shope of 1.33 and
anr of 0.84. RBA results comelatad battar with the

oxidation HPLC method, with a slope of 1 20 and an r* of 0.02.

RBA Vielded No False Negafives Relative fo the
Regquiastory Limit

When the datn from the tree metheds were somed by
increasing wg STX diHC] equiv. kg as reparted by the monse
hioassay, the RBA did not report any false negatives when
compared o the regulatory limit of 800 pg STX equv. kg
{Tahle 2011 FTE). When conpared with the precobimm oxidation
HPLC method, only Laborasory @ reported vahes lower than
the HFLC method The fact that the FBA reports somewhat
hipher tormcity than the mouse boassay of HPLC at levels pear
or below the repolatry limit is beneficial from a fiood safety
betier recoveries, as demomsiaied above. From a shellfish
producer’s perspective, the improved detection lmmits relative
o the mowse bisassay and better recovery of low toxin levels
campared to the HPLC can help to provide advance waming of
deweloping, toxicity, allowing producers to harvest early, delay
harvest, or move cultares, as appropriate.

FParficipants” Comments
Laboratory § participated in the stady without previems

seweral points opeeding clarification that have since been
added o the mroposed Official Mathed as emmmerated in thiz
report: (1) The vacuum required for filoation was not specified
at 48 Hg, which iz cifical because msufficient vacmm
pressure results in too slow a cleamnce of the wells, whereas
0 much pressure results in an airbock amd oo fltration at
all. (I} Sciotllstion counfing fime for the muicroplates is
1 min‘well {#) Ismctions have been added rezarding how o
within BB, 02-0.7; specifically, an average walue should he
calrulated from all sample dihmions falling within BB, 0.2-0.7.
sample dilutions indicates either emvor i dihmion or sample
mainis inferference; however, at the minimum ssmple difutions
reconmended in the proposed Qificial Merhod, mamix effects
from shelifich homogenates have nof been encourntered (10).
In the cument study, the nonfineariry of ditutions experienced
in several samples by Laboratory 8 was not observed by the
other laboratonss, sueFesting a systematc sample dihrtion issus
rather than a sample matrix problem Althourh experienced
in EBAs in peneral, Laborsory § had mot previusly nm the
microplate filtration format of the assay for PET.
Laboratary 9, which reported penemlly lower values than
the other laboratories, althouzh famviliar with the assay, had not
performed it in more than a year The lower vahwes reported
do pot appear to be associated with conduct of the assay, ar
somfillation conduct of the assay, or scinbillation counting,
smee the assay metrics are well within the averages reported
lry the other laboratores. Insufficient bodling or pH adjesmment
of sample exiracts are a possble explanation These points
identified by the snady participants should be added fo the critical
steqs idemfified m the SLV study (10) that can affect precision
and acouracy of the assay results, mchading: (1) ensure that the
water i sirongly boiling dorng extracton: () carefully adpest
pH of exracts; () ensure even distribution of the membrans
preEpamation acress the microplate by frequent vortes-mixing or
pipetiing before and during i addition to the plate; () the wells
mmst clear within 35 5 duning filmation; (7) the wash butfer
shimald be ice-cold to minimize the rate of toxin release from the
receptar; and () followmz addition of soinmllant fo the wealls,
incubate a minimmm of 30 min to ensore that the scintillant falty
penetrates the filers bafore counting.

Recommendations.

The collaborative sidy of the BBA for PST was completed
by mire laboratories represenfing six counfries. Collaboratars
quantified PST as a compeosite toxicHy valoe reparted m pg 5TX
di HC1 equiv.kz m a variety of shelifish species from different
regions of the world, containing varied toxin congener profiles.
The snady mchuded labortonies with extensive experience as
well as others with litthe or no previous expensnce The smdy
also inchided both microplae and sontillation counters as end
Ty test Iaboratories. The shady demonstrates that the RBA yislds
adequate repeatability, reproducibility, and recovery for rootine
dmummmmdmummguf?ﬂmshﬂlﬁsh The preater
precision ataimed by lsboratories that received prior traming
on the BBA and rowtmely implement this assay sugpests that
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Figure 3. Comelation of the RBA results on
PSP toxins in shellfish with mouse
bioassay (A) and HPLC (B). Correlation between the

cument ADAC Official Methods, mouse bioassay. and
HPLC {C).

the overall interlabomtory reproducibility can be fmther
improwed. It is recommended that this method be accepied
by AQAC INTERNATICNAL as Official First Action for the
determination of P5T i chellfish
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Appendix: Rat Brain Membrane Preparation

The mat brain membrane preparation used in this assay can
be produced in bulk, aliquoited. and seored at —80°C umtl
for a minmmm of § mooths. The fallowing proiecol provides
sufficient membrane preparation for a miniomm of 125 plaes
and cam be scaled up or down as nesdad.

A Apparams

(a) Tgfon/glars homogenizer —Motorized tpered Teflon
pestle and placs fube, 15 mlL.

() Motarized rswe homogenizer —Palyiren or small band-
hald blendar.

{c) High-spead cantrifiige and ficed angie rotar—Capahle of

20000 = g (rcf).
(d) Centrifipe fubes —12-15 ml rated for =230000 = g (rcf).

{€) Plastic cryevials.—2 mL.
{f) Grinduared Bogker —300 or 500 mL.
{£) Pipatz —Disposahle 5 and 10 mL
() Forceps.

B. Reagents

() 20 Rt brams—Male, f-wesk-old SpragusDawley
(Hilltop Lab Animals, Inc. Scottdale, P4 1!1;!..'&11“1@13}:!1
oo or equivalent,

(b) MOPS—pH 74 (Sipma. 5¢ Lowis, MO; Cmt
Ho. M3183-500).

(€} Choiine chioride —100 mM (Sigma; Cat. Np. C7527-
500G).

10 Pl i e (PAT)_Shges: o

{e} ITW
C. Procadure

() Prepare 1 L 100 mM MOPS tuffer, pH 7.4, containing
1mmmmcmmm&amm
0.1 mM PMSE PMSF omst first be dissobved in i
dissolve 0.174 g PMSF in 10 mL isopropanal to make 100 mh
stock. Aliquet and store at -20°C. Add PMSF {11000, 0.1 mM
final concentration) to the MOPS/choline chiornde buffer frach
on the day of use.

{7 Pemove medulla and cersbellum from each bram wsing
forceps and discard Place the cerehral cortex (tee Figare 1) ina
small amenmt of ice-cold buffer and place on ice.

(%) Place ope cerebral cortex in 125 ml MOPSicholine
CIPMEF, pgH 74, in glass'teflon homogenizer (two bmins in
25mlL afferwill fit into 30 mL homogenizer fube). Homogenize
at 7% foll speed (385 rpm) with at least 10 up and down
strokies (more if necessary to bomesemize brain; there shomld be
no visible chanks remaming i the homogzenate). Keep tube in
ice at all times. Pour bomegenized tissne into 250 mL beaker on
ice and repeat procedure with remaiming cortices.

Figure 1. Rat brain.

{4} Transfer pooled homogenized tissue to cemrifoze twbes,
halanre the tubes (pairwise; nse ice-cold huffer to balance), and
cemirifitge at 20000 = g for 15 min ar 4°C.

{5} Aspirate the supematant and resuspend the pellets D e
cald MOPS/ choline CLPMSF buffer, nsing an adsquate ammmt
{~5 mL) to folly resuspend the pellet {ran wse clean glass stix
rod to break up pellet), not exweedng 10 mL per braim.

() Pool resuspended membrane preparation o a small
beaker Flinze centrifuge tobes with 2 small amount of ice-cold
tnuffer to recover all of the membrane preparaton. Brng total
vohmme to 200 ml. ol {keep on ice).

{7 Eeeping the beaker on ice. Palyiron (or use a small hand-
held blender at low speed) at T0% fall speed for 20 s to olrtain a
consistent homogenate.

(%) Aliquot 2 mLtube info oyovials. B is aitical to keep
the preparation well mixed while dispensing, & g prior to each
aliquet to ensure equal allocation of proteinTecepion to each
vial Eeep cryonubes on ice.

{¥) Freere and store af—30°C. This preparation is stable for at
least § months. Use a permanent marker to label the prepamatson
date on the storape container,

D. Promm Assay

{a) Determine protein concentration of membrane preparation
nsing Pierce Mico BCA Protein Assay Reapent Kit Mo, 13135
(microplate method) or Mo, 23225 (ube method) profein assay
kit or equivalent prodein assay (Thermo Fisher, Rockfoed 1)
The abowe protocol should yield 68 mg proteinml. of mt
I ANS DrepaTation.

{b) Determine membrane dilotion peeded for the assay
The prowein concentration in the daily woking sock for the
assay should be 1 mp/ml (this & dilned m the assay to yield
05 meml m-assay coocenfration) Based oo the protein
concentration determined in the protein assay, determmine the
dihstion needed to achieve | mg/ml. This is the dilotion wsed
in section E(g) above for all assays using this lot of membrans
preparation. The protocel above typically yields a pootein
concentration that requires a dihmien of 1618, (Do not nse
less than 174 dilhution or filiration wells may become clogged )
Protein concentration will need to be determimed for each new
batch of membrane prepamtion

Proposal 27-126



Appendix IV: AOAC OM 2011.27

ADALC Dfficial Method 2011.27
Paralytic Shelifish Toxns [P5Ts) in Shellfish
Receptor Binding Assay
Firef Action 2011
[Applicable to the determination of paralytic shellfish foxins
(P5Ts), as pg STX diHCE equiv kg, in shellfish (mussels, clams,
scallops) at levels =149 pp ST HHC] equiv.kz, with a limit of
detection {LOTY) of 45 5TX &iHCI equiv. kg shelfish and a limit
of quantification (LOQ) of 126 pg STX dHCL equiv.kg shellfich ]
are barmful if ingested. The assay uses a tritiom labelad
tmacer, [H] 5T at low concemtration Al barateries
labsoratary space and mast follow procedures prescribed
by their muckear regulatory agency for receipt, wse. and
disposal of isotapes.
Sew Tables 2011 2TA-E for the resulis of the mierlabomatory
study supportng accepiance of the method
A Principle

Test portions of shellfich homogenates are exiracted nsing the
AQAC mouze hioassay extraction protoced (959.08), modifisd
by scale. The PST recepior assay is a competitive binding assay
in which ['H] 5TX competes with unlabeled STX in standards
or mixnres of P5T in sampies for a finite momber of available
recapbar sifes (site 1 on the volage zated sodium channel) in a mat
brain membrane preparation. Following establishment of binding
equilibrium at 4°C, unbound ['H] STX is removed by flation and
bound [*H] 5TX is quantfed by Lguid scintillation counting. A
standard curve is gensmated nsing inrreasing concentrations of ST
siandard fram 10-® to 10~ M 5TX, which resulis in a reduction
in bound ["H] STX that is directly proportonal to the amouant of
unlabeled towin presemt. The cooceniration of toxin i samples
is determined in reference to the standard cmve. Incubation is
camied out m a microplate format to minimize sample handlng
and the amount of radisactivity wsed Bound ['H] 5TX (a5 comis
per minate; CPM) can be determined either by comrentiona] ar by
mirroplate scintillation counting. Both methods are inchded in this
prodncal.

B. Apparams and Suppies

(2) Tradimonal or microplane scimilation conmer_

(b} Micopipettors —1-1000 ul  variable velmsss and

(c) Eight chamnel pipetior —3-200 pl variable volume and

(d) 96-Fedl microder filter ploe —With 1.0 pm pors size
npe GFB glass fiver filter/065 pm pore size Durapore support
30

(o) MultiSowem  vocmum  manbid —Millipore; Cat. Noo
HEVMHT S0

(F) Frcuum pusmp.

(&) Cemtrifige mbes—15 and 30 ml., comical, plastic
(h) Afini dflusion mabes in 9-ube array.

() Reapew resarvairs.

() Frw brcket and fce.

(&) Forter mixer.

Proposal 27-126

(m) Folumemric fsk—1 L.

(m) —FO°C frawmar.

(o)) Rerigaratar.

For traditional scintillatson coumder onby:

(p) MulriScreen punch device —Mlillipore; Cat Mo MAMD (96
0B

(g MulriScreen disposable panch tips —Willipore; Cat No
MADP 195 10

(r} MultiScreen punch kit B for 4 mE vial —Millipore; Cat. Mo,
MABRF B08 08,

(5) Scanuilarion vials—4 mL.

For sample exfraction:

(£} Fipars.

(n) Cemrjfize fubes —15 ml., conical, plastic.

(v) Frum pump or hose vacumm.

(w) pH mesr or pH paper.

(x) Hot plate.

(¥) Graduared conriflge ruber —15 ml.

() Comtriflizw and rotor for 15 mL mibet.
C. Reagents

() H] STY —0.1 mCidml., 210 Cifmmal, >9(%: mdiochemiral
pumity {Amserican Badiolabeled Chemécals, St. Louis, MO, USA or
International Isotopes Clearinghouse, Leawood, K5, USA).

() ST diHC —NIST BM 8642 (wrrw mist gov).

(€} -Morphalingproperesulfbnic acid (O0PS) —Sipma (5t
Lomis, M0, USA; Cat. Wo. M3183-3000), or equivalent.

(d) Choline chioride—Sigma (Cat Mo C7327-500G). or

equivalent,

(e) Rat bram membrane preparation —Appendix | [J AQ4C
T (e iszue]].

For traditional coamter:

(f) Scininverse BD  [npdd  scomtifimdon  cockiai —Fisher
Scientefic (Waltham, MA. USA: Cat. No. SX-18). or equivalent.
For microplate counter:
mmﬁmmmmm.}hlmum.u

Fusmqﬂem

(b} Hydrochioric acid (HCH—1 .0 and 0.1 M.
(M Socium Rpdnoxide—0.1 ML

(i} Water —Distilled or deionized (18 pll).
D. Eample Exm=enion

Accomtely weigh 5.0 g tissue bomogemate into a tared 15 mL
omical tube. Add 5.0 mL of 0.1 M HCI, vartex, and check pH.
If neceszary, adjast pH to 3040 as determined by a pH meter
ar pH paper To lower pH, add 1 M HCI dropwise with mixing;
to raise pH, add 0.1 M NaOH dropwise with mixing to prevent
loral alkalimization and comsequent destrortion of tomim Place
the tube m a beaker of boiling water oo bhot plate for 5 min with
the caps loosened Remve and cool to room temperamre. Check
pH and adjust cooled mixture to pH 3.0-4.0 as descrbed abowve:
Transfer entire contents to pradusied cenmifuze be and dikoe
vohmemicalty to 10 mL. Gently stir comtents to homoesneity and
allow to seftie until portion of supematant & transhicent and can
be decanted fiee of solid particles. Pour apprecamately 5 to 7 mL
of the translorent supermatant into a cenfrifuze tube Centrifuze
at 3000 « g for 10 min Retmin clarified supematnt and mansfer
to a clean cepirifope tube Store exiacts at —20°C umil tested in
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Table 2011278 mmmmmm.mmmmmmnmanmm@

MLVES MLVDS MLVOT MLV ML 11
Lab Assay1 Assay?  Assay1 Assay?  Assay1  Assay?  Assay1  Assay?  Assayl  Assay2  Awg
1 ITo Sab 1100 1290 1260 1010 860 810 xm 430
2 &0 & 1340 1520 15280 1530 &80 1120 I 350
3 20 250 1320 1450 1Z20 1390 550 1130 450 am
4 410 430 1440 Lrii] 1580 1000 870 810 40 280
5 620 sl 1260 1790 1760 1r2n S50 1630 B 350
& 107D TD 1720 2520 1530 1850 1120 1330 490 B20
7 630 B 2050 1240 sl 1150 1450 1830 230 1145
a 660 Sl 2130 BTD 1210 2150 82D 1120 &0D 410
g 330 0 B50 1250 B40 6ol = H BT 110 250
ANy B4 1453 1433 1082 416
L 165 422 366 247 B3
5, 233 add 36T 336 152
RED, % 75 294 B 233 200 251
RE0,% BG 302 o 39 365 25
Horfat 23 20 148 20 20 20
*  Dutier: not us=d i calcutation.
TecEphar assay. reference sandard containing 1.8 « 10 M 5TX sandard (3.0 «

E. Preparanon of Siock Solugons and SmEndars

(a) drzay Segffer—100 mM MOPS100 mM choline chionide,
pH 74 Weizh out 209 g MOPS and 13,96 g cheline chiorde and
add to 200 ml. JH.0. Adjast pH to 74 with NaOH while stiming
and bring to a final wohme of 1 L with dH 0. Store at 4°C.

(b} Radioliipand soluson—Caloalate the concentation of
[H} 5TX siock provided by the supplier, which may vary
in Ci'mmal (pensrally 10-30 Cimmol) and actwity in mCiml
{0.05-0.] mCifml), from which the molar concentration can be
calculatad. Prepare 4 ml of a 15 oM working steck of ['H] STX
fresh daity m 100 mM MOPS1 00 mM choline chloride uffer This
will provide sufficient vohme for ope 96-well plate at an m-well
conceniration of 1.5 oM. Meanure ttal comts of each working
stock prior fo rummmgz an assay: add 35 pl of the working stock
[FH] STX in buffer to a iguid scinfillation vial with 4 mL scipgiliant
and count on 2 raditienal liqud scinfillation counter This is dons
to confinm correct dilntion prior fo nmming the assay. Dependngz on
the efficiency of the scmfllation counfer used, the comesponding
CPM will vary, tnat should be consistent day-to-day and within
15% of the expected valua.

(c) Cnigbeied STX standrd working sedufon.—The STX dHCI
standard is provided at a concentration of 2688 pM (100 ppml).
A "bulk” standard curve can be made up in advance and sbared at
4°C for up to 1 month. The use of a bulk standard curve minimizes
the piperting needed for setting up an assay routinely amd improves
day-fo-day repestability. Maks up 3 mM HCl (22 ffom a 3 M
stock, 50 pL i 50 ml), then perform the seral dilmions (ee
Tahle 200127F) of NIST FM E641 STX diHCL (100 pa'ml =
2508 pM) to make up the standard curve in 3 M HCL These
standard stock sohmiens will be diluted 1/6 in the assay to yvield the
desipnated m-assay concentations (se¢ Table 20011 27F).

(d) Ferarsay califration mamded (OC checki—DPrepare a

10 M 5TX i assay) in advance in 3 mM HCI and keep frozen
{—80°C) in 1 mL aliquots for lomg-term steraes. Aliquots shauld
e thawed and stored at 4°C for rontine use {stable up to 1 month)
and analyzed n each assay. This serves as a (C check and confirms
day-to-day performance of the assay.

(e} Rt brain membrane preporaron—Prepare mt brain
membane mepamton in bok [dpeendi I J 404C Mt
(Fatore: issue)] and store at —B0°C until nsed in the assay. Thaw
an aliqwet of mt brain membrane preparation oo ice. Diboe
memhmne preparation with cold (4°C) 100 mM MCOPS100 mM
choline chloride, pH 7.4, to yield a working stock with a protein
omcenimation of 10 me'ml. {this will be dilved in the assay plate
to 0.5 me/ml. n-well concentration). Vortex vigorously to achieve
2 wisibly homogeneous suspension Eeep the diluted membrane
preparation on ice untl ready o wse.

F Parforming the Assay

(a) Plote sefup —When possible, use a mmificharmel pipet to
minimire pipetting effort and increase copsistency. Standard oarve,
QC check, and sampis extracts a2 nm in iriplicate wells. Muliple
dihshions of sample extracts should be amalyzed in order to obiadn
avalue that fils between 0.2-0.7 BB, on the sandard corve for
quantification Forease of amalysis, itis comveniznt i use a standard
plate layout that masimizes the oomber of samgples and sandards
thiat cam be analyzed on one plate. For shelifich extracts, a minimm
dihiion of 1:10 is used, which minimizes potential matrix efects,
while still providing an LOG) of approximately 126 uzkg shellfish
{(see Table 2001.27(C).

(b} Addition qf somples and mamdareds. —Add in the following
anler to each of the 96 wells: 35 pL assay buffer; 35 pl 5TX
standard, QC check, or sample extract; 35 pl. PH] STX: 105 pL
memibane preparation. The assay baffer is added fivst m order to wet
the filter membrane It is arifical to contimuously i the membrars
preparation by careful up-and-down pipetting immediately pror o
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Table HTLITC. F aof ] on biind
dupfloabes [values are in pg 3TX dIHCE sguiv.kg)
[5] 1 2 Mean P RS0, %
1 MLTS 370 =20 475 148 3.3
MLDS 100 12=0 R 134 12
MLYOT 1260 1o 1135 77 156
MLVDY  EED &10 B35 k1 42
ML > 430 350 13 323
g 188
2 MLYDS  &0S &70 638 45 72
MLVDS 1340 158 1430 127 ES
MUY 1540 1530 1535 7 os
MLNDZ  £80 1130 B35 £ %6
ML e 30 350 1) s
Mg 1.8
3 MLDS 20 20 435 263 Eot
MLVDS 1320 1450 1330 53 74
M7 1220 1303 1262 53 47
MLMDE S0 H3n 1080 127 122
(LT 480 40 &£70 14 an
g 17.4
4 MLVOS 41D 430 20 1) 34
MLVDE 1430 =70 1205 312 TE
MDY 1980 100 1530 E53 455
MLYDS  ETD 210 B0 42 54
MLV £ =0 0 a2 137
g, 122
z MLDS £SO =10 800 156 12.4
MLYDE 1280 1730 1525 ars 4.6
MLTOT 1TED rm 740 28 15
M3 380 1530 1305 45D ]
LY 540 =0 535 64 oy
g, 123
& MLVOS 1070 7o BA5 262 =E
MLVDS 1720 2530 20 EEE =T
MLVOT 1530 1250 1535 233 138
MLvD3 20 1320 1255 = 1532
(I 450 [l 555 82 156
g .4
7 MLNDS  £30 220 755 77 734
MLVDE 2080 1240 1855 B0 361
MLOT TS0 150 1450 424 223
MLVDS 145D 1230 1845 263 155
MvH 230 150
g el
B MLYTOS  E8D 240 8O0 158 M7
MLVDS 430 &m 1500 B3 2.4
MDY 1240 il 1680 BES EETS
MDY B30 120 870 22 1.8
ML 00 410 505 134 65
g, 34.4
3 MLYDS 330 3m 5 2 E7
MLVDE  ES0 1250 1070 285 238
MLOT B4 =0 BES 5 41
MLNDE 50 &m 730 138 T
ML 150 20 180 53 =50
Mg 233
Overall avg. =1
* Ouifier; not used In caicuistions.

Proposal 27-126

dispensing min the 96-well plate to maintam an ewen suspension
across the entire plate. Cower and incubate plate at 4"Chr 1 b
(g} Aszay flraton —Asfach the vaomam mamifald o the vaomm
pumyp with an m-line side amm fiask to catch filtate from the plate
filration process. Set the vaomm pressore zauge oo the pamp
ar vaomm manifold o 48" Hg (135-270 millibar), as specified
9-well plate em the vacmm marnifeld Fill empiy wells with 200
WL MOPS/ choline chlorids buffer to ensure even vacumm pressure
and filiration aross the plate. Tam on vaomm. Optiomem vaommm
will pull the wells to drymess m 2-5 s Pull contents of all wells
thwoueh uniil all Hogusd is remeoved. (Wose: Too low a varmm will
result in slow well clearance. bt too hizh will resudt in an airlock
and 1o well clearance } With vaomm pomp rumming, quickly mnse
each well twvice with 200 pL ice cold MOPS/choline chloride taifer
(d} Preparation of the assay for counrmg —Remove the plastic
hoftom from the plate. Blot the bottom once on abserbent toweling.
(1) For coumtmg D mcropiate scmsliation cowmter—Plce
the microplate in 2 counfing, cassetie. Seal the botiom of the 96~
well plate with sealing taps Add 30 ul. Optiphase scintiliation
cockini] per well using multichanre] pipet. Seal the top of the plate
with sealing tape. Allow o incubate 30 min af ro0m temperature.
Place the plate o a counting cassefte and counf in a mivoplae
scimtillation counter for | min‘eell
() For counting in radifonal seinimliation counser —Place the
microplate m the MultiScreen ponch system apparams. Place the
disposable punch Gps on top of the microplate. Punch the filfers
from the wells into scmiillation vials and 0 with 4 mlL soindllation
cocktail (Scinthverse or equivalenf). Place caps on the wials and
vortex. Allow vials #r sit overnight i the dagk, then comnt using a
imitmm window in a taditiomal scinfillaton counter
. Analysis of Dam

For assays performed using the waditional commier, carve fitims
is performed nsing a four-parameter logistic fit, also kmown as a
sigmoeddal dose response curve (vanable slope; see Figure 20011 27,
ar Hill equation:

= min+ s

o [ BT 1 iy b o
where max is the top platesu representimy maxmmom binding
in CPM in the absence of competing nooradiolabeled 5T also
known 25 B min is the bottom platean, equal to nenspecific
binding (m CPM) in the presence of saturating nonradiclabeled
toxin, IC, is the imbdbitory concentration af which CPM are 50%
of max-min (dashed lines; Figare 2001.27); Hill slope is the slops
of the corve; r axis is the log concenimation of 5T and y axis is
tofal ligand binding in CPM (here represented a5 BB, or bound'
max beund). A omve fitting package soch as Prism (Graph Pad
Software, Inc ) is recommended. For the mirroplate counter users,
Teceptar assay applications provided Ty the mamifachmer may be
used (e, MuktiCalc: PerkinFimer Wallac, Gaithersburz, M),
USA).

(a) Sample mumification —Sample quantification is camed
out caly oo diletions that fll within BE, of 0.2-0.7, where B
represents the bound [PH]STX (in CPM) m the sample and B,
represents the mam bound [FHJSTX (in CPA). Where more than
ae dilution falls within BB, of 0.2-0.7 en the cmve, all sumple
wells corresponding to these dihstions are used i caloulate sampls
conCenimation. Sample conceniration is calrulated in pz STX SHCT
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Table 2011.270. Callbration curve and @C check paramsters In three recepior binding sssays performed In ning participant

Assay IC,, 0OC, Refeence, IC,, Stondomswhers RSD=30%; Cunveffing  Scntbation Maruay
Lab day Sope WM M CPM M action safware counter micropiate
1 1 o3 19 24 720 0.90 Hone Prism v 3,02 Packam Top CowTt  Microplate
2 4O 20 2B 733 0.9 Hane
3 i 2t 3z 1036 092 Mans
2 1 41 18 38 1160 065 InM;1welemoved  Prigmv S0 Packamd Top Count  Micropiate
2 2 22z 33 130 085 Haone
i 4O 16 32 162 045 3 MM, 1 NM Temaved
3 1 10 20 23 229 04 Firstcolumn remaved  Prismv S0 WalacMicrobets  Micropiate
2 -3 20 25 1463 052 1D00NM; 1 well removed
| 10 16 28 2088 080 Kane
] 1 a8 17 ad 1125 061 Nane PiEMv303  PerkinEmer Manial
Tricarh
b T S SR & 1 arr Mans
3 08 12 28 1324 045 30 M 35%; 1 wel removed
3 1 o8 14 33 1566 064 1.0 nME: 1 wel removed MUfCalc  Walac Microbats  Mcroplate
2 -2 18 38 1528 105 0.1nM and 30 nM; 1 well
remaved
a -2 18 23 1052 067 Nans
& 1 —41 26 aD &7 1.15 Hone Prismv40  WalacMicobets  Microplate
2 4D 20 400 1124 1.08 Hane
3 -1 34 EF WA 204 Nane
7 1 43 10 28 919 0.3 Hane Prism  WallacMicrobets  Micropalate
2 48 16 27 &9 a7 Hane
i 0g 21 3> 623 082 Kane
a 1 3 A7 ag 1145 085 Nane Prism  WallacMicrobets  Microplate
2 1 14 15 185 078 Hane
i 41 24 23 885 1.04 Kaone
g 1 -0 22 40¢ 1363 Q@ Kane Prism  WalacMicrobels  Micropiate
2 g 20 a2 1380  0.85 100 AM 33%; ieftin
3 -0 21 a7 153 om Kone
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Tabls 2011.27E  Results of the recepéor binding sssay [RBA
sorted by mouse bloassay valus [all mmnms?lxmélm hedifish tzsue; results In bold ndicaie
mmsummmmmnmummm Inmilt}

Sampe  Lab1 Lap2 Lab 3 Lan 4 Labk 3 Lab b Lab7 Labka Lab3

bloasaay (MBA), and HPLC analysas of 21 ahelifiah axiracts,
toxiciy above the

21 HO= RO MD D HD ND ND ND ND ND ND WD

3 180 200 200 150 150 i0d 150 200 100 166 108 ND

15 330 ] 410 180 580 BE0 370 s 80 S 196 182

13 arn 370 430 40 540 0 240 G600 110 b} 236 299

20 430 350 450 a0 S50 490 T 410 250 403 236 299

14 400 1240¢ S50 450 650 =30 S00 440 200 ABE 625 3

1 I B0 £20 410 650 1070 e EE0 330 k] 413 37
16 o E7D 250 430 810 700 = 340 360 &7 413 387
E &l 190 140 L= ] 130 160 23 220 100 140 341 405
E 50 340 1060 1130 1040 TS0 1460 1320 810 Jes 618 485
7 &0 20 1080 a7 &40 1320 1430 2420 430 Il Eas 528
2 oo 1340 1320 1440 1260 1720 2080 2130 830 1476 a1 585
I 1230 1520 1460 370 1800 2520 1470 ETD 1250 14&0 331 555
2 as0 680 350 aTn 280 1120 1480 &20 a90 12e g Ler] 633
12 810 130 1130 510 1630 1330 1880 mnm 870 1203 oo 653
1 1260 1540 1220 1580 1760 1530 1660 1210 &840 1424 865 Ti4
18 1 1800 13840 1000 1720 1850 1520 2150 B30 1452 365 Ti4
8 1360 1520 1580 1o 1700 Ian 1400 Z7ED a0 1683 Ba4 Te2
3 830 1180 138 1150 1130 1780 1340 280 650 1134 a2 72
13 TE40 30 2800 2560 233 1850 3330 74D 183 2374 2000 1027
0 2440 2540 2310 740 2150 1800 2630 2450 1210 2252 1830 1080
* ND = Mot defeciesd.

& Cuttier notussd i svemge oaicutasion.

equiv. g shellfich ncing the following formulas:
{210 pl sotal volomed

(M STX equiv. i« fsamplediltion s — —

= nM STX aquiv. in exrad

(R ST AR ey et OB, L8

then the assay should be copsidered suspect and remm, as 2 shift
in the curve will result in over- or underestimation of sample
COnCEmTAtians.

{d) QC check shomid be 3 oM STH £30% (in-well concentration).

Table 2011.27F. Diluthon serles to prepars bulk soutions for

1000 ol ceoal - 1000 g jorid
=g STX A1 equiv.iml
e s s Stock, M In-assay, M
. mil evirace 1000 100 jal 2685 JM STX +4.38 mL 6% 104 1= 10
e STX S Cl g« 5« ?3 o =
=g STX dHO equiv 50015 6 % 0% M + &5l 6107 1 x40
- e 0.003 M HC
H. Assay Performance SEndards 1.5MLE % 107 M+ 35 mL 1ax 10 InATE
W 0.003 M HE
The following criteria mast be met for assay accepfance:
(l)Fmahpnﬂmnmen:ﬁnﬂyhn:Eg:tmmmm SOOULGX MM +4.5mL B A Tx10
ke slope of the resulting competiion curve should theoretically el
be —1.0. If the slope of the curve for a given asay i outside of SO0 L 1.8 = 10 M + 4.5 mL 14 % 3g= LA Doy
the arcepiahle Tnge of 0.8 to —1.3, linearity of the assay will be D003 M HO
ised and quantification of the unknowns will be incomect. SO0 LB ¥ 10" M + 4.5 mi. 610 1210
{b) RSDs of mplicate CPMs for standards should be below 0.003 M HCI
30°% as vanability may affect the slope caloulation and thersty 500 L6 X 10 M + 4.5miL B¥ e 1410=
quantification of samples. 0.003 M HCI
() If the IC,_ is out of the accepmble mnze (2.0 oM = 30%) 5 mil 0UDE3 M HCT o Referance
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Table 2011.27G. Recommeanded microplats layoul for ease of handiing triplicate waills of standard curve. GG chack sampla, and
unknown samples; each sample 12 run at hres dilutions {1:10, 1-50, 1:200); standard curve le run In columne 1-3 [valees are In
M ETH)P

Micrapiate Micropiate column
o 1 2 3 ] 5 & 7 & g 10 11 12
A 1= 10 104 ac [ [ U3 u3a U3 Li6 43 LG
150 50 150 1:10 110 110
B 1o 1 ilia) u u1 u u3 us u3 L& LB Lig
1710 1:10 110 12200 1:200 12200 1:50 1:50 1:50
[ 1 I 3=t 30t [13] (1} ] w1 Lid g L4 LI %13 LG
1250 150 1:50 1110 10 110 12200 1:200 1200
o o 104 e 113 w1 ui L4 ud U4 r ur u7
1:200 1:200 1:200 1:50 150 150 110 110 110
E Awiir® Fel* I U2 uz uz Lig us u u7 ur 7
10 1210 110 12200 1.200 1200 1:50 1:30 1:50
F o = 104 2 uz 2 L5 us U5 ur ur u7
150 150 150 110 1:10 110 1200 1:H0 1200
LE] 100 l-m 112 uz2 w2 2 LIS us us
1:200 1:200 1: 3100 1:50 1:50 150
H REF REF REF 3 3 u3 LiS us L5

sl 110 10 12200 1:230 12200

# REF = Reference; @0 = guakty conirol check; U = undnown sampie. [Wofe: The same standard coree may be used for mulipe plates {12, 91 sampdes can be
Fulnl OR Sutsequent pistes in 2 sevies. Fthe standand curve 15 not inchaded ). |

Aszays with a QC check sample out of specifications should trizger

(R R
T & check of the IC,, value.
n The following criteria nmst be met for acceprabifity of a sample
IME35UTemeant:
Rl (a) Samgple quantificaton sheuld be done ooly on dilutons that
fall within B'B_ of 0.3-0.7. In the event that all sample dilatons
i fall below BB 0.2 (i concentration is too high), further difutiens
mist be made and the sample reanalyzed In the event that the
e e SAEple COGCENTAton & too low to be goamtified {ie, BB > 0.7),
the sample is reparted as below LOD. If more than one dilwtion
falls on the linear part of the curve, an average valee calonlated

oE - o " - - o all dihitions should be nzad. If there is disagresment batwean
s fiteal . difSarent diutinns in final concentration reported, check for error in
Lo [Coacent-aticnl the I dlifuti gl
Figure 2011.27. Sigmoidal dose response curve. Dashed (B BLSD of the sammple COM: should be <30%,
limess indicate log IC,.

Beference: J 4040 fnr 85, 795(1012)
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