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Abstract

Amnesic shellfish poisoning (ASP) is caused by consumption of
contaminated seafood that has accumulated kainic acid or kainoid
analogues such as domoic acid. Among the different ASP bioassays,
immunoassays are an attractive alternative to the in vivo mouse
bioassay. Herein, we report the synthesis and bioconjugation of
two new haptens for the generation of a specific antibody against members
of the kainoid family. 


Key words

ASP - kainoids - haptens - antibody - ELISA






Supporting Information for this article is available online:
	
Supporting Information











References and Notes

	[bookmark: RG15510STX-1]1 
             Murakami S. 
             Takemoto T. 
             Shimizu ZJ. 
            Pharm.
Soc. Jpn. 
            1953, 
            73: 
            1026 
          






Google Scholar





	[bookmark: RG15510STX-2]2 
             Bunch L. 
             Krogsgaard-Larsen P. 
            Med. Res. Rev. 
            2009, 
            29: 
            3 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-3]3 
             Hampson DR. 
             Manolo JL. 
            Nat. Toxins 
            1998, 
            6: 
            153 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-4]4 For a recent review, see:  Jeffery B. 
             Barlow T. 
             Moizer K. 
             Paul S. 
             Boyle C. 
            Food
Chem. Toxicol. 
            2004, 
            42: 
            545 
          






Google Scholar





	[bookmark: RG15510STX-5]5 
             Perl TM. 
             Bedard L. 
             Kosatsky T. 
             Hockin JC. 
             Todd EC. 
             Remis RS. 
            N. Engl. J. Med. 
            1990, 
            322: 
            1775 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-6]6 
             Quillam MA.  In   Manual on Harmful Marine Micro-algae, Monographs
on Oceanographic Methodology
              
             Hallegraeff GM. 
             Anderson DM. 
             Cembella AD. 
            Intergovernmental
Oceanographic Commission (UNESCO); 
            Paris: 
            2003. 
             p.247-266  
          






Google Scholar





	[bookmark: RG15510STX-7]7 
             Ciminiello P. 
             Dell’Aversano C. 
             Fattorusso E. 
             Forino M. 
             Magno GS. 
             Tartaglione L. 
             Quilliam MA. 
             Tubaro A. 
             Poletti R. 
            Rapid Commun. Mass Spectrom. 
            2005, 
            19: 
            2030 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-8]8 
             Leftley JW. 
             Hannah F.  In   Natural
Toxicants in Food
              
             Watson DH. 
            Sheffield
Academic; 
            Sheffield: 
            1998. 
             p.182-224  
          






Google Scholar





	[bookmark: RG15510STX-9]9 
             Ino A. 
             Dickerson TJ. 
             Janda KD. 
            Bioorg.
Med. Chem. Lett. 
            2007, 
            17: 
            4280 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-10]10 
             Shinkaruk S. 
             Lamothe V. 
             Schmitter J.-M. 
             Fructus A. 
             Sauvant P. 
             Vergne S. 
             Degueil M. 
             Babin P. 
             Bennetau B. 
             Bennetau-Pelissero C. 
            J. Agric. Food Chem. 
            2008, 
            56: 
            6809 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-11]11 
             Garthwaite I. 
             Ross KM. 
             Miles CO. 
             Hansen RP. 
             Foster D. 
             Wilkins AL. 
            Nat. Toxins 
            1998, 
            6: 
            93 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-12]12 
             Yu FY. 
             Liu BH. 
             Wu TS. 
             Chi TF. 
             Su MC. 
            
              
J.
Agric. Food Chem. 
            2004, 
            52: 
            5334 
          






CrossrefGoogle Scholar





	
[bookmark: RG15510STX-13][bookmark: RG15510STX-13A]13a 
             Kleivdal H. 
             Kristiansen SI. 
             Nilsen MV. 
             Briggs L. 
            J.
AOAC Int. 
            2007, 
            90: 
            1000 
          




Google Scholar





	
[bookmark: RG15510STX-13][bookmark: RG15510STX-13B]13b 
             Kleivdal H. 
             Kristiansen SI. 
             Nilsen MV. 
             Goksoyr A. 
             Briggs L. 
             Holland P. 
             McNabb P. 
            J. AOAC Int. 
            2007, 
            90: 
            1011 
          




Google Scholar





	[bookmark: RG15510STX-14]14 
             Lefebvre KA. 
             Robertson A. 
            Toxicon 
            2010, 
            56: 
            218 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-15]15 
             Baldwin JE. 
             Fryer AM. 
             Pritchard GJ. 
            Bioorg. Med. Chem. Lett. 
            2000, 
            10: 
            309 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-16]16 
             Ganorkar R. 
             Natarajan A. 
             Mamai A. 
             Madalengoitia JS. 
            J. Org. Chem. 
            2006, 
            71: 
            5004 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-17]17 
             Baldwin JE. 
             Bamford SJ. 
             Fryer AM. 
             Rudolph 
                MW. 
             Wood ME. 
            Tetrahedron 
            1997, 
            53: 
            5233 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-18]18 
             Mauger AB. 
             Irreverre F. 
             Witkop B. 
            J.
Am. Chem. Soc. 
            1996, 
            88: 
            2019 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-20]20 
             Metha A. 
             Jaouhari R. 
             Benson TJ. 
             Douglas KT. 
            Tetrahedron Lett. 
            1992, 
            33: 
            5441 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-21]21 
             Brinkley M. 
            Bioconjugate
Chem. 
            1992, 
            3: 
            2 ;
and cited references






CrossrefPubMedGoogle Scholar





	[bookmark: RG15510STX-22]22 
             Singh KV. 
             Kaur J. 
             Varshney MR. 
             Raje M. 
             Suri 
                RC. 
            Bioconjugate
Chem. 
            2004, 
            15: 
            168 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-23]23 
             Shinkaruk S. 
             Lamothe V. 
             Schmitter J.-M. 
             Manach C. 
             Morand C. 
             Berard A. 
             Bennetau B. 
             Bennetau-Pelissero C. 
            Food Chem. 
            2010, 
            118: 
            472 
          






CrossrefGoogle Scholar





	[bookmark: RG15510STX-24]24 
             Szurdoki F. 
             Bekheit HKM. 
             Marco M. 
             Goodrow 
                MH. 
             Hammock BD.  In   New Frontiers in Agrochemical Immunoassay
              
             Kurtz DA. 
             Skerritt JH. 
             Stanker L. 
            AOAC
International; 
            Arlington / VA: 
            1995. 
             p.39-63  
          






Google Scholar





	[bookmark: RG15510STX-25]25 
             Sato K. 
             Mizuno S. 
             Hirayama M. 
            J.
Org. Chem. 
            1967, 
            32: 
            177 
          






CrossrefGoogle Scholar






[bookmark: RG15510STX-19]19  
            
2-{(4
            S
            ,5
            S
            )-4-[2-(Benzyloxy)-2-oxoethyl]-1,5-bis(benzyloxycarbonyl)pyrrolidin-3-ylidene} Acetic Acid
(8): To a solution of compound 7 (0.71
g, 1.18 mmol) in anhyd CH2Cl2 (2 mL), triethylsilane
(0.34 g or 0.47 mL, 2.92 mmol) and trifluoroacetic acid (1.73 g
or 1.14 mL, 15.19 mmol) were added under argon. The reaction mixture was
stirred at r.t. for 16 h. Removal of the solvent in vacuo afforded
the product as a yellow oil (0.5 g, 80%). The compound 8 was used in the next step without further purification. ¹H
NMR (300 MHz, CDCl3): δ (mixture of stereoisomers
and conformers) = 2.61-2.89 (m, 2 H), 3.40-3.58
(m, 0.65 H), 4.25-4.35 (m, 0.35 H), 4.42-4.83
(m, 3 H), 5.07-5.28 (m, 6 H), 5.88, 5.94 (2 × s,
1 H), 7.23-7.55 (m, 15 H), 11.00 (br s, 1 H). ¹³C
NMR (75 MHz, CDCl3): δ (mixture of stereoisomers
and conformers) = 37.5, 38.9 (CH2), 42.7, 43.6,
45.1, 46.0 (CH), 50.4, 51.0, 51.4, 51.8 (CH2), 62.8, 63.1,
63.9, 64.2 (CH), 66.7-67.5 (CH2), 114.3, 114.6
(CH), 127.5-129.2 (CH), 135.0-136.1 (C), 154.4-155.0
(C), 159.9, 160.9 (C), 169.4-170.8 (C). HRMS (ES): m/z [M + Na+] calcd
for C31H29NO8Na: 566.1785; found:
566.1770.
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            -butoxy)-4-oxobut-2-en-1-ylidene]pyrrolidine-1,2-dicarboxylate
(12): The same experimental procedure as described for hapten 8 was used for compound 12 (yield: 80%). ¹H
NMR (200 MHz, CDCl3): δ (mixture of stereo-isomers
and conformers) = 2.56-2.84 (m, 2 H), 3.31-3.52 (m,
0.7 H), 3.65-3.90 (m, 0.3 H), 4.32-4.57 (m, 3
H), 5.01-5.23 (m, 6 H), 5.79 (d, J = 14.9
Hz, 1 H), 6.07 (d, J = 12.2 Hz,
1 H), 7.18-7.42 (m, 16 H), 10.00 (br s, 1 H). ¹³C
NMR (50 MHz, CDCl3): δ (mixture of stereoisomers
and conformers) = 38.9 (CH2), 44.9, 45.8 (CH),
48.3, 48.9 (CH2), 63.7 (CH), 66.5-67.8 (CH2),
121.9 (CH), 128.4-128.7 (CH), 135.4, 136.0 (C), 141.3 (CH),
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(ES): m/z [M + Na+] calcd
for C33H31NO8Na: 592.1941; found:
592.1926.
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