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Conditions for the determination of lipophilic marine toxins, such as yessotoxins and 2 pectenotoxins-6 were investigated with capillary electrophoresis coupled to mass 3 spectrometry with an electrospray ionization source. After optimization, a simple and 4 MS compatible alkaline volatile buffer solution of ammonium acetate was selected as 5 background electrolyte, with isopropanol/water (80/20, v/v) sheath liquid modified with 6 ammonium acetate used at the ESI source. Previously to CE separations, the application 7 of an on-line sample pre-concentration approach based on field-amplified sample 8 stacking was accomplished to increase sensitivity. As a result, the limits of detection 9 provided by CE-ESI-MS were 0.02 µg mL -1 (0.01 µg g -1 ) which corresponded to 1.25 10 pg for yessotoxin and 0.25 µg mL -1 (0.13 µg g -1 and 13.25 pg on capillary) for Accuracy tests showed 97.7% recovery from spiked blank mussel samples which 12 showed no significant matrix influence running under optimal conditions. Intermediate 13 precision was close to 4% RSD for the migration time, and an RSD of 7.5% for peak 14 areas. The method was successfully applied to naturally contaminated seafood samples, 15 in which yessotoxins and pectenotoxins-6 were clearly determined. This work 16 demonstrated the potential of CE-ESI-MS to be applied for a sensitive determination of 17 lipophilic toxins from the marine environment as alternative to LC-ESI-MS for this 18 purpose.

The development of improved analytical methods for efficient and reliable 4 determination of marine toxins present in seafood is still challenging. Several methods 5 have been developed mostly focused in the improved sensitivity and selectivity of 6 which HPLC coupled with different detection modes has been the most widely applied. 7

Capillary Electrophoresis (CE) emerges as a very promising technique to be applied in 8 this field, and is considered one of the most powerful separation technique which has 9 rapidly grown and matured since its introduction in the early 80s by Jorgenson and 10 Lukacs [START_REF] Jorgenson | Zone electrophoresis in open-tubular glass capillaries[END_REF][START_REF] Jorgenson | Capillary zone electrophoresis[END_REF]. Indeed, CE has become 11 a well-established alternative to liquid chromatography (LC) since it is characterized by 12 some important features such as different separation mechanism, high efficiency, 13 simplicity, low-cost operation and usually short analysis time [START_REF] Altria | Validating CE Methods for Pharmaceutical 16 Analysis[END_REF]. 14 However, the lack of sensitivity has been found as the major limitation for the 15 application of CE to several contaminants such as marine biotoxins, since the limits of 16 detection provided by this technique in terms of concentration are often higher that 17 those achieved in LC. Consequently, only a few number of applications have been 18 reported in this particular field (Youyi Wu, et al. 2006 20 Shea 1997;Bouaïcha, et al. 1997a;Bouaïcha, et al. 1997b). This problem derives from 21 the low amount of sample that can be injected onto capillary without overloading effects 22 and moreover, when UV detection is used, the short optical path length. Nevertheless, 23 significant efforts have been focused in the last years to overcome this drawback, 24 resulting in several on-line pre-concentration modes that can be applied to improve the 25 sensitivity [START_REF] Osbourn | On-line preconcentration methods for 19 capillary electrophoresis[END_REF][START_REF] Chien | Sample stacking revisited: A personal perspective[END_REF]). Among them, sample stacking is one of 26 the most frequently applied with this aim since it: (i) is simple and can be performed in 27 a single buffer system, (ii) can be universally applied for every charged analytes, (iii) 28 does not require any additional instrumentation or device. In particular, previous work 29 carried out by this research group has focused on the development of strategies for on-30 line toxin enrichment based on sample stacking with successful results (Gago- Martínez, 31 et al. 2006). On the other hand, the coupling of CE with mass spectrometry (MS) 32 detection has been gaining attention since its introduction in 1987 by Olivares et al. 33 [START_REF] Olivares | On-line mass spectrometric 16 detection for capillary zone electrophoresis[END_REF] previously mentioned for CE with the ability of the mass spectrometer to provide highly 1 sensitive and selective detection. Furthermore, additional structural information can be 2 very useful to carry out unequivocal confirmation of the analytes, and easy separation of 3 co-eluting peaks can be performed by using the mass analyzers as second separation 4 dimension. Recently, relevant applications of CE-MS have been reviewed, among 5 others, in the fields of environmental and food analysis [START_REF] Klampfl | Recent advances in the application of capillary electrophoresis with 33 mass spectrometric detection. Electrophoresis 27 (1)[END_REF]Simó, et al. 6 2005). 7 8

The present work reports on the development of a CE-MS method involving a sample 9 stacking step to be applied to the determination of lipophilic toxins, mainly yessotoxins 10 (Figure 1A) which are polycyclic ether toxins produced by some dinoflagellates species 11 from the marine environment such as Protoceratium reticulatum [START_REF] Satake | Identification of Protoceratium 26 reticulatum as the biogenetic origin of yessotoxin[END_REF], [START_REF] Murata | Isolation and structure of 13 yessotoxin, a novel polyether compound implicated in diarrhetic shellfish 14 poisoning[END_REF] Lingulodinium polyedrum (=Gonyaulax polyedra) [START_REF] Draisci | High levels of yessotoxin in mussels and presence of 1[END_REF]) and Gonyaulax 13 spinifera [START_REF] Rhodes | 24 Yessotoxin production by Gonyaulax spinifera[END_REF]), but also pectenotoxin 6 (Figure 1B), which is a 14 macrolactone that contain multiple polyether ring units produced by Dynophysis spp 15 [START_REF] Mackenzie | 4 Pectenotoxin and okadaic acid-based toxin profiles in Dinophysis acuta and 5 Dinophysis acuminata from New Zealand[END_REF][START_REF] Puente | Studies 11 of polyether toxins in the marine phytoplankton, Dinophysis acuta, in Ireland 12 using multiple tandem mass spectrometry[END_REF][START_REF] Mackenzie | 4 Pectenotoxin and okadaic acid-based toxin profiles in Dinophysis acuta and 5 Dinophysis acuminata from New Zealand[END_REF]) . These 16 harmful algae species occur worldwide and seafood contamination as a consequence of 17 algae blooms has been reported worldwide. LC-MS methods have been often applied 18 for the determination of such toxins [START_REF] Draisci | High levels of yessotoxin in mussels and presence of 1[END_REF] were purchased at the market in Vigo (Spain) harvested from the Rías Bajas (NW 3 Spain) shellfish rafts. Stock standard solutions of YTXs and PTX-6 were prepared in 4 methanol, and stored at -18 ºC until analysis. HPLC-grade methanol, acetonitrile and 2-5 propanol were purchased from Merck (Darmstadt, Germany) and Scharlab (Sentmenat, 6 Spain), respectively. Ultrapure water (18.2 MΩ cm at 25 °C and total organic carbon 7 below 10 µg L -1 ) was produced with a Milli-Q water purification system (Millipore 8 Corporation, Bedford, MA, USA). Sodium hydroxide pellets and ammonium acetate 9

were both for analysis (puriss, ≥98%) Sigma Aldrich, St Louis, MO). NH 3 25% was 10 purchased from Panreac (Barcelona, Spain). 11 12Sample pre-treatment. [START_REF] Gago-Martínez | 14 Mycotoxins and Phycotoxins[END_REF] Shellfish samples (ca. 50 shellfish samples) were selectively extracted and further 14 purified with solid-phase extraction following the specific protocols previously 15 carried out with MS using YTX and PTX-6 standard solution (12 and 20 µg mL -1 16 respectively) at 400 µL min -1 of flow rate to characterize the MS spectra of both toxins. 17 ion was obtained for YTX compared to that achieved in FIA experiments, and the 1 pseudo-molecular ion at 1141.5 m/z showed in this case the highest relative abundance. 2

Hence, ions at 1141.5 and 1157.5 m/z were chosen for monitoring YTX and 45-3 OHYTX respectively, in selected ion monitoring mode. No changes were observed for 4 the PTX-6 molecular ion. The effects on signal were examined for coupling parameters 5 such as nebulizer pressure, drying gas flow, drying gas temperature, sheath liquid 6 composition and flow rate. The stability of the ESI source was effectively monitored by 7 plotting the current of the MS capillary which provided information about the flow of 8 ions reaching the MS entrance. 9 10The nebulizer pressure directly affects the ESI cone shape and droplet size so it must be 11 carefully optimized, and depends on the flow delivered to the interface. The optimal 12 value was obtained at 17 psi of pressure. Lower applied pressure led to lower ionization 13 yields and higher values showed decreased migration times as a consequence of the 14 Venturi effect at the end of the spray needle which soak the buffer up through the 15 capillary. This deleterious effect must be avoided since it generates a hydrodynamic 16 flow with a laminar flow profile into the capillary and consequently directly decrease 17 the CE performance. with this aim and their efficiency was tested also for this application. Methanol and 28 acetonitrile showed the best responses close to a 40% higher than that achieved with 2-29 propanol. However, 2-propanol provided the best ESI stability and therefore a sheath 30 liquid consisted in 2-propanol/water (80/20, v/v) was eventually selected as optimal 31 because it showed the best compromise between sensitivity and stability. The addition 32 of volatile organic modifiers such as formic or acetic acid or their ammonium salts are 33 commonly used in MS analysis specially to promote the analyte ionization at ESI 34 and to the high organic percentage used in the sheath liquid that promotes the 8 ionization. Higher concentration of ammonium acetate rapidly decreased the ionization 9 efficiency. The influence of the sheath liquid flow rate delivered to the interface was 10 examined between 2-15 µL min -1 (which corresponded to 0.2-1.5 mL min -1 pumped by 11 the auxiliary pump). Flow rates lower than 6 µL min -1 and higher than 12 µL min -1 did 12 not provide stable signal at the ESI source. Between 6-12 µL min -1 , the signal decreased 13 when the flow rate increased as a consequence of the dilution effect. Hence, 7 µL min -1 14 of flow rate was selected as optimum. 15 16

Electrophoretic conditions 17

Mass spectrometry compatible ammonium acetate buffer was selected as BGE. [START_REF] Osbourn | On-line preconcentration methods for 19 capillary electrophoresis[END_REF] Electrophoretic parameters were optimized in terms of buffer concentration, pH, 19 addition of organic modifiers and running voltage. The best efficiency was achieved 20 with 10 mM ammonium acetate adjusted at pH 8.5 with ammonium hydroxide. Higher 21 buffer concentration gave less signal intensity probably as a consequence of the 22 competitive effect of the buffer ions with the analyte in the ESI process. Resolution (R s ) 23 between two peaks was calculated through the expression R s = 2(t m2 -t m1 ) (w 2 + w 1 ) -1 , 24 where t m are the migration times and w the peak widths of the analytes 2 and 1 25 respectively. Efficiency in terms of theoretical number plates was experimentally 26 measured from the electropherograms through the expression N = 5.54 (tm/w ½ ) 2 , where 27 t m is the migration time of the analyte and w ½ is the peak width at half of the peak 28 height. Electrophoretic mobility (µ e ) was calculated by means of the apparent mobility 29 (µ a ) and the electroosmotic flow mobility (µ eof ) with the expression: µ a = µ e + µ eof . 30 Apparent mobility was directly calculated from the electropherograms through the 31 expresion µ a = l L t -1 V -1 , where L and l are the total and effective capillary length 32 respectively, V is the applied voltage and t the migration time. Results for YTXs and PTX-6 are summarized in Table 1. YTX and the analogue 45-1 OHYTX were not resolved by CE because their similarities in their q/r ratio eluting at 2 7.0 min, and no improvements in resolution were observed by addition of organic 3 modifiers (methanol, acetonitrile and isopropanol) to BGE. Nevertheless, the required 4 selectivity was obtained by means of the mass analyzer, extracting the signal 5 corresponding to each ion from the total ion electropherograms. PTX-6 eluted at 5.5 6 min, and an adequate Resolution (R s ) of 1.35 was found between PTX-6 and YTXs. 7 8 Theoretical number plates showed the high resolution provided by CE, higher than that 9 than usually achieved in chromatography. Electrophoretic mobilities are characteristic 10 for each analyte and only slight differences are observed even when changes on the 11 electrophoretic system or BGE are performed. Hence, this is valuable information if a 12 change in the buffer system is required in order to increase the applicability of CE to 13 other toxins not tested yet. 14 15 An on-line pre-concentration procedure based on field-amplified sample stacking 16 (FASS) was also applied in CE-ESI-MS. This procedure consists basically on 17 dissolving the sample in a less conductivity buffer than BGE used for separation. The 18 electric field strength will be amplified over the low conductivity region at the head of 19 the capillary where the charged analytes will migrate rapidly, slowing down when they 20 reach the buffer boundaries. Consequently, FASS mechanism allows stacking the 21 analytes from a large plug of sample into a narrow band enhancing the sensitivity. For 22 CE-MS, the optimal sample buffer consisted in a MeOH/BGE (70/30, v/v) solution 23 which was hydrodynamically loaded onto capillary by application of 50 mbar of 24 pressure for 20 s (corresponding to 53 nL of sample), and then stacking and separation 25 were performed by application of a running voltage of 20 kV with 0.30 min potential 26 ramp. Figures 2 and3 show examples of the analysis of YTXs and PTX-6 standard 27 solutions, where the high efficiency provided by CE for this application can be 28 observed. [START_REF] De La Iglesia | Advanced studies for the application of high-30 performance capillary electrophoresis for the analysis of yessotoxin and 45-31 hydroxiyessotoxin[END_REF] 30

Evaluation of the CE-ESI-MS conditions. 31

Limits of detection (LOD) were determined from spiked blank mussel samples on the 32 basis of a signal-to-noise ratio of 3 were 0.02 µg mL -1 (0.01 µg g -1 ), corresponding to 33 1.25 pg of YTX, and 0.25 µg mL -1 (0.13 µg g -1 ), corresponding to 13.25 pg of PTX-6. 34 Furthermore, the application of FASS as on-line pre-concentration approach allowed 1 decreasing these limits in a simple and low-cost way that does not require additional 2 instrumentation. Thus, the LOD offered by CE-MS are similar to that provided by LC-3 MS although much lower mass of toxin is required for CE operation and fulfills the 4 requirements of Regulation (EC) No 853/2004 for these toxins (1µg g-1 for YTXs and 5 0.16 µg g-1 for PTXs). This fact means a great advantage over other liquid separation 6 techniques since the quantities available of standards of these toxins are often very low 7 or expensive. Furthermore, the low limits achieved makes feasible the application of CE 8 not only with food safety purposes but also to eco-physiological or toxicological studies 9

where the amount of sample can be much lower. Calibration for YTX was performed by 10 running triplicates at five levels over the range 0.25-6.0 µg mL -1 . The regression 11 equation obtained (y = 1194658 x + 52461) showed good regression coefficient, r = 12 0.9985, over the calibration range studied. Quantification of 45-OHYTX was performed 13 with calibration curve for YTX assuming the same response than that obtained for YTX 14 since the availability of standards for this analogue was very limited. Repeatability was 15 calculated by %RSD of seven replicates within a day while intermediate precision was 16 calculated by means of %RSD of nine replicates spread over 3 days. The results 17 revealed good precision for migration time with a RSD close to 4% in all cases. 18 However, peak area showed an intermediate precision of 7.5% RSD which should be 19 bore in mind for quantitative purposes. Accuracy study was considered because ion 20 suppression effects at ESI source has been described for many applications when 21 dealing with very complex matrices such as food samples, and occurs due to the 22 competitive effect at ESI source of some interference compounds which have not 23 previously resolved. In particular, this effect has already been described for YTXs 24 determination by LC-ESI-MS [START_REF] Ito | Matrix effect and correction by standard addition in 26 quantitative liquid chromatographic-mass spectrometric analysis of diarrhetic 27 shellfish poisoning toxins[END_REF]. Matrix effects were evaluated for 25 CE-ESI-MS analysis by running triplicates of standards solution of YTX dissolved in 26 pure matrix and afterwards triplicates of shellfish matrix blank samples spiked with the 27 same amount of YTX standard. Recovery was 97.7% which means that for this 28 particular application, interferences co-existing with YTXs in naturally contaminated 29 samples are efficiently resolved by the separation mechanism provided by CE. For 30 PTX-6, it was not possible to carry out a complete evaluation of the CE-ESI-MS system 31 due to the low amount of this toxin available for this study, although preliminary 32 precision data obtained showed %RSD lower than 5% both for migration time and peak 33 area. 34 The applicability of CE-ESI-MS has been tested for food samples naturally 3 contaminated. Figure 4 shows the electropherograms obtained for the application of the 4 optimized conditions to the analysis of shellfish samples from Japan which was 5 naturally contaminated not only with YTXs but also with PTX-6. Hence, it was 6 demonstrated the potential of CE for this application, which was clearly enhanced with 7 the ability of MS for confirmation purposes. Moreover, the high efficiency provided by 8 CE as well as the improved sensitivity achieved by the application of a sample stacking 9 procedure allowed to determine these toxic compounds at levels as low as pg. Neither 10 YTXs nor PTX-6 were found in mussel samples from Galician Rías (Mytilus 11 galloprovincialis) harvested in the Galician rafts. 12 13

Conclusions 14

Capillary electrophoresis-electrospray ionization-mass spectrometry was developed and 15 applied to the determination of YTX, 45-OHYTX and PTX-6. Once the MS, 16 electrospray and electrophoretic parameters were optimized, this technique resulted in 17 an efficient alternative for the determination of these toxic compounds present in 18 seafood samples. Sensitivity was improved by the application of a field-amplified 19 sample stacking procedure and was shown to be comparable in terms of concentration 20 to that provided by LC-MS, although significantly lower mass analyte consumption is 21 required. In fact, the minimal sample loading requirements for full CE operation might 22 be very attractive in the marine toxins field, where the limited amount of standards is 23 one of the most important obstacles that have been found in research and routine 24 analysis. Besides, good reproducibility was achieved for migration times close to 4% 25 RSD whereas a slightly greater variation was obtained for peak areas. However, 26 accuracy test showed a recovery of 97.7% for YTX from real samples showing no 27 significant influence from the sample matrix. The ability to provide confirmation by MS 28 ensured highly specific identification of these toxins by means of the mass filters 29 enhancing the potential of CE for this particular application. Nevertheless, further work 30 should be performed to improve resolution on the capillary between YTXs as well as to 31 perform method validation for the studied compounds and other lipophilic toxins once 32 Certificate Standard Solutions and Reference Materials are available. 33 

  Determination of yessotoxins and pectenotoxins in shellfish by1 capillary electrophoresis-electrospray ionization-mass spectrometry.

6 a 10 11and discussion 12 13

 61012 described in (De la Iglesia & Gago-Matínez 2007).16 17 Instrumentation and operation procedures.[START_REF] Osbourn | On-line preconcentration methods for 19 capillary electrophoresis[END_REF] Capillary electrophoresis-electrospray ionization-mass spectrometry (CE-ESI-MS) 19 analysis was performed using the 3D CE system (Agilent Technologies) with CE-MS 20 capillary cassette coupled to the Agilent 1100 Series single quadrupole mass 21spectrometer. An Agilent CE-ESI-MS sprayer kit (G1607A) and an Agilent CE ESI-MS 22 adapter kit (G1603A) were used to connect the CE system to MS. A binary pump 23 Agilent 1100 series (G1312A) equipped with a 1/100 splitter was employed to deliver 24 the sheath flow to ESI source. Nitrogen were used both for drying and nebulizer gases.25 Chemstation software also from Agilent was used for the entire instrument control, data 26 acquisition and data analysis.[START_REF] Shea | Analysis of brevetoxins by micellar electrokinetic capillary 28 chromatography and laser-induced fluorescence detection[END_REF] 28 All separations were performed on uncoated bare fused-silica capillaries of 80.0 cm of 29 total and 21.6 cm of effective length and 50 µm i.d. from Composite Metal Services 30 (The Chase, Hallow, UK). Capillaries were conditioned before its first use at 60 ºC with 31 the following solutions: 1 M NaOH for 15 min, then water for 15 min and eventually 32 background electrolyte (BGE) for 15 min. At the beginning of each day, the capillary 33 was rinsed with NH 4 OH 1.0 M for 15 min, then water for 15 min and finally BGE for 34 Between runs, the capillary was just flushed with BGE for 5 min. All CE 1 solutions were filtered through Millex®-HV 0.45 µm cut-off polyvinylidene-fluoride 2 (PVDF) membranes (Millipore, Bedford, MA, USA). BGE consisted in 10 mM 3 ammonium acetate solution adjusted at pH 8.5 and was prepared fresh daily by diluting 4 a 0.2 M ammonium acetate stock solution with Milli-Q water, and degassed for 15 min 5 in an ultrasonic bath to prevent bubble formation. The capillary was thermostated using Peltier system at 25 ºC. Sample buffer consisted in a MeOH/BGE (70/30, v/v). 7Hydrodynamic injection was performed at 50 mbar of pressure for 20 s, and afterwards 8 sample stacking and separation was carried out by application of 20 kV of running 9 voltage with 0.30 min potential ramp.ResultsPreliminary studies. 14Previous to CE-ESI-MS coupling, some flow injection analysis (FIA) experiments were 15

Full-scan mass

  spectra acquired in negative mode from 50 to 1200 m/z for YTX 18 standard gave majority signals at m/z 1163.5, 1141.5 and 1061.5, which corresponded to 19 [M-Na] -, [M-2Na+H] -and [M-2Na-SO 3 +H] -respectively[START_REF] Murata | Isolation and structure of 13 yessotoxin, a novel polyether compound implicated in diarrhetic shellfish 14 poisoning[END_REF] Draisci, 20 et al. 1998). The ion at m/z 1061.5 showed the highest relative abundance for suchFIA 21 analysis, while the ion [M-2Na] -2 at m/z 570.5 was not observed for the experimental 22 conditions applied. Signal of PTX-6 was obtained at 887.5 m/z which corresponded to 23 the molecular ion [M-H] -. MS was tuned and the optimized instrument parameters were 24 as follows: capillary voltage 4500V, fragmentor 275V, gain 3.0, peak width 0.30, high-25 resolution mode. 26 27Sheath-flow ESI source conditions 28A coaxial sheath-flow interface originally developed by Smith et al.(Smith, et al. 1988) 29 was used to couple CE with MS. This approach is still the most frequently applied for 30 CE-MS hyphenation[START_REF] Klampfl | Recent advances in the application of capillary electrophoresis with 33 mass spectrometric detection. Electrophoresis 27 (1)[END_REF]) and is based on a sheath liquid which flows around 31 the outer surface of the CE capillary, and mixes with the CE eluent at the end of the 32 capillary. The sheath flow enhances the CE flow to a level adequate for electrospray 33 operation and closes the electrical circuit. After CE-MS coupling, different predominant 34

18 19

 18 Drying gas flow and temperature were also optimized between 3-11 L min -1 and 250-20 350 ºC respectively, and the best response was achieved at 4 L min -1 and 350 ºC. 21 Furthermore, drying gas flows above 9 L min -1 led to unstable ESI operation. 22 23 As previously mentioned, the sheath liquid closes the CE electrical circuit and provides 24 an adequate flow rate for ESI operation. Since the sheath liquid is the dominant flow at 25 the ESI sprayer, a high content of an organic solvent improves the ionic evaporation 26 efficiency. Methanol, acetonitrile and 2-propanol are the most common solvents used 27

  acetate was selected as additive for sheath liquid in CE-ESI-MS 1 coupling bearing in mind that this modifier is also the most frequently added to the 2 mobile phase in LC-ESI-MS with this aim(Fernandez Amandi, et al. 2002; Ciminiello, 3 et al. 2002;[START_REF] Mackenzie | 7 Complex toxin profiles in phytoplankton and Greenshell mussels (Perna 8 canaliculus), revealed by LC-MS/MS analysis[END_REF] McNabb, et al. 2005). The highest ionization yield 4 was achieved by adding 0.1 mM ammonium acetate to the sheath liquid. This value was 5 lower than those found in the literature for LC-MS analysis of yessotoxins, although can 6 be explained due to the low flow delivered to the ESI source in CE-ESI-MS coupling, 7

Figure 1 9 Figure 2 .

 192 Figure leyends: 5 6 Figure 1. (A) Chemical structures of yessotoxin (R=H) and 45-hydroxyyessotoxin 7 (R=OH); (B) Chemical structure of pectenotoxin 6 (R=COOH). 8 9 Figure 2. CE-ESI-MS analysis of YTXs standard solutions. A) Standard of 6 µg mL -1 10 YTX and B) Standard of 3 µg mL -1 45-OHYTX. Experimental conditions: bare fused-11 silica capillary of 80.0 cm 50 µm i.d.; BGE: 10 mM ammonium acetate, pH 8.5; 12 sample buffer: MeOH/BGE (70/30); injection FASS: 50 mbar for 20 s. Run: 20 kV, 1325ºC. MS conditions: acquisition in negative polarity mode; sheath-liquid: 14 isopropanol/water (80/20, v/v), 0.1 mM ammonium acetate; drying gas: nitrogen, 4 L 15 min -1 , 350 ºC; nebulizer pressure 17 psi; capillary voltage 275 V, SIM mode of 1141.5 16 and 1157.5 m/z for YTX and 45-OHYTX respectively. 17

18 Figure 3 . 21 Figure 4 .

 183214 Figure 3. CE-ESI-MS analysis of PTX-6 standard solution of 20 µg mL -1 . Extracted ion 19 electropherogram at 887.5 m/z. Experimental conditions as in Figure 2. 20 21 Figure 4. CE-ESI-MS analysis of a shellfish sample from Japan naturally contaminated 22 with 22.63 ± 1.36 µg g -1 of YTX, 12.34 ± 0.74 µg g -1 de 45-OHYTX and PTX-6 (not 23 quantified). (A) total ion electropherogram; (B) extracted ion electropherogram at 887.5 24 m/z; (C) extracted ion electropherogram at 1141.5 m/z; (D) extracted ion 25 electropherogram at 1157.5 m/z. Experimental conditions as in Figure 2. 26 27 28

  Figure 1B

  ; Kvasnicka, et al. 2006; Gago-19 Martínez, et al. 2006; Gago-Martínez, et al. 2003; Aguete, et al. 2003; Tan & Lau 2000;

  , as this hyphenated technique combines all the advantages 34
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while the application of CE-MS is still very limited. Preliminary 22 work has been carried out by this research group on the application of this technique to 23 yessotoxins (De la Iglesia & Gago-Matínez 2007) while the results of its application to 24

  

	19	; MacKenzie, et al. 2005;
	20	Fernández Puente, et al. 2004; Suzuki, et al. 2005; Fernandez Amandi, et al. 2002;
	21	Goto, et al. 2001; Ito & Tsukada 2002; Ciminiello, et al. 2002; MacKenzie, et al. 2002;
	25	Aasen, et al. 2005), pectenotoxins group are primarily described here. The paper provides comprehensive
	26	information about the development and evaluation of the optimal conditions for the
	27	simultaneous analysis of yessotoxins and pectenotoxins, as alternative to LC-MS for the
	28	analysis of such lipophilic toxins present in seafood samples.
	29	

Materials and methods 30 Chemicals and materials 31

  

	1	extracts from Japan were kindly provided by Dr. Takeshi Yasumoto (Japan Food
	2	Research Laboratories, Tokyo, Japan). Blue mussel samples (Mytilus galloprovincialis)
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Table 1 :

 1 Retention time, Theoretical number plates, Electrophoretic mobilities, limits of 16 detection (LODs) and resolution CE-ESI-MS applied to YTXs and PTX-6 17 determination. LODs were determined from spiked blank mussel samples on the basis of

	18		
	19	a signal-to-noise ratio of 3
	20		
	21		
			PTX-6	YTX/ 45-OHYTX
	Retention time (min)		5.5	7.0
	Theoretical number plates (N)		34,560	26,463
	Electrophoretic mobility (cm 2 V -1 s -1 ).	-2.25 10 -5	-1.2 10 -4
	LOD (pg)		13.25	1.25
	LOD (µg mL -1 )		0.25	0.02
	LOD (µg g -1 )		0.13	0.01
	Resolution (PTX-6 -YTX)			1.35
	22		
	23		
	24		
	25		
	26		
	27		
	28		
	29		
	30		
	31		
	32		
	33		
	34		
	35		
	36		
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