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ABSTRACT - In this study, we reviewed a group of marine biotoxins, namely yessotoxins (YTXs), focusing on
their causative organisms, contaminated shellfish, domestic and foreign management status, and analytical methods.
Although YTXSs have not yet been reported in any cases of seafood contamination in South Korea, it is necessary to
implement preemptive measures through continuous monitoring because there is a potential risk, due to the introduc-
tion of toxic microalgae associated with climate changes and the introduction of contaminated seafood from various
countries. YTXs are produced by dinoflagellates, such as Protecratium reticulatum, Gonyaulax polygramma, Gon-
yaulax spinifera, and Lingulodinium polyedrum, all of which are species found along Korea's coastal areas. Analysis
of YTXs in shellfish samples is mainly performed by use of LC-MS/MS after methanol extraction and SPE cartridge
clean-up (HLB or strata-X). In the case of lipophilic marine biotoxins, including YTXs, pectenotoxins, and azaspirac-
ids, the extraction and purification procedures are similar. Thus, it seems that the simultaneous analysis of several
lipophilic marine biotoxins in shellfish samples is possible, and optimization is necessary. In addition, continuous
monitoring studies on causative marine microalgae for YTXs in Korean coastal waters and contaminations in domes-

tic and imported seafood are needed.
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YTXsE sulfate polyether 3522 AE Mutsutte] 7}
28] 21 Patinopecten yessoensisS] 223} 1986 A
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reticulatum, Gonyaulax polygramma, Gonyaulax spinifera,
Lingulodinium polyedrum®)| 213l A48Tl deix Jches,
YTXs®] 8484 F+x2= Fig. 13 2om R13 R29l| EA)
Sh= 2871l wet YTX fAK] S77F 24 €k YTXs
o] A AR Ol wEt oF 955914 1551 g/mol HE
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s F dom, dE F 90% ol/de] A8 a0l &5
o, YTXsE 2 7Fthe) 2K okadaic acid, OA), PTXs, AZAs,
dinophysistoxins (DTXs), spirolides (SPXs), gymnodimine
(GYM) 53 7 A8A Ziol o, F2 dlfs =

Compounds n R R?
Yessotoxin 1  OSONa )J\A
X
HydroxyYTX 1  OSO,Na )k(\ 5
<&
OH
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X
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Yessotoxin (YTX)

Fig. 1. Chemical structures of yessotoxins (YTXs).
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)

Fig. 2. Presence of YTXs in shellfish and distributions of Protoceratium reticulatum and Lingulodinium polyedrum (modified from Paz

et al.” and Chikwililwa et al.'?.).
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Table 1. Concentrations of YTX in shellfish samples reported previously (updated from previous literature®”)

Shellfish Concentrations of YTX (ug/YTX g) Country References
Blue mussels (Mytilus chilensis) No quantity published Chile [19]
Blue mussels (Mytilus edulis) 0.5-14.8 Norway [20], [21], [22]
Blue mussels (Mytilus edulis) No quantity published Japan [19]
Blue mussels (Mytilus edulis) 0.053 Russia [23]
Blue mussels (Mytilus galloprovincialis) 0.1-9 Italy [24], [25]
Blue mussel (Mytilus galloprovincialis) 0-0.02 China [26]
California sea mussels (Mytilus californicus) 0-0.1 USA [27]
Greenshell mussels (Perna canaliculus) 1.6-3.2 New Zealand [19], [28], [29]
Mussel and oyster (unspecified) 2 Spain [30]
Scallops (Patinopecten yessoensis) No quantity published Japan [51, [19]
Scallops (Patinopecten yessoensis) 0.44-0.79 Japan [31]
Shellfish (unspecified) No quantity presented Ireland [27]
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Table 2. Methods for extraction, clean up, recovery, and instrumental analysis for YTX in shellfish samples reported previously

Samples Target Extraction  Clean up Elution solvent Instrument LC column Mobile phases Recovery  References
compounds
Mussel YTX 80% - - LC-MS/MS RP Amide C16 Acetonitrile-water (60:40) - [42]
45-OH-YTX Methanol 150%4.6 mm, 5 pm containing 0.05 mM
ammonium acetate
Mussel YTX 100% - - LC-MS/MS MOS-Hyperchlone C8 A: 100% water - [43]
Oyster Homo-YTX Methanol 50x2 mm, 3 um containing 2 mM
Clam 45-OH-YTX B: 95% acetonitrile
Queen scallop 45-OH-Homo-YTX
Mussel YTX 100% SPE Methanol containing LC-MS/MS XB-C18 A: 100% acetonitrile 88-98% [41]
Oyster Methanol  (Strata-X, 0.3% (v/v) ammonium 100x2.1 mm, 5 um  B: 0.15% formic acid in water
Scallop HLB, C18) hydroxide
Mussel YTX 80% SPE Acetonitrile/water LC-MS/MS Gemini-NX C18 A: 100% water 98-102% [39]
Methanol  (Strata-X)  (10/90) containing 100x2.0 mm, 3 pm  B: 90% acetonitrile, both con-
6.7 mM NH,OH taining 6.7 mM NH,OH
Mussel YTX 100% - - LC-MS/MS  Waters X-Bridge C17 A: 100% water >90% [37]
Methanol 150%3 mm, 5 um B: 90% acetonitrile,
both containing 6.7 mM
NH,OH
Mussel YTX 100% SPE Methanol containing LC-MS/MS  Waters X-Bridge C17 A: 100% water 94-106% [38]
Methanol  (Strata-X)  0.3% 25% NH,OH 150%3 mm, 5 um B: 90% acetonitrile
Both containing 6.7 mM
NH,OH
Mussel YTX 100% SPE Methanol and LC-MS/MS Genemi-NX C18 A: 100% water 87-104% [40]
Oyster Methanol  (Strata-X, methanol 150%2 mm, 3 um B: 95% acetonitrile, both
Clam HLB) containing containing 5 mM ammonium
1% ammonia hydrogencarbonate
Mussel YTX 100% - - LC-MS/MS X-Bridge C18 A: 100% water - [44]
Cockle Homo-YTX Methanol 150%2 mm, 3.5 pum B: 90% acetonitrile, both
Clam 45-OH-YTX containing 2 mM ammonium
45-OH-Homo-YTX bicarbonate
Mussel YTX 100% - LC-MS/MS ZORBAX SB-C8 A: water 81% [45]
Methanol 50%2.1 mm, 1.8 um B: 95% acetonitrile
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