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Abstract :

The presence of Ostreopsis cf. ovata on the Mediterranean coast represents a serious concern to
human health due to production of toxins—putative palytoxin and ovatoxins (ovatoxin-a, -b, -c, -d, -e, -f
and -g). However, purified ovatoxins are not widely available and their toxicities are still unknown. In the
present study, we report on HR LC-MS/MS analysis of a French Ostreopsis cf. ovata strain (IFR-OST-
0.3 V) collected at Villefranche-sur-Mer (France) during a bloom in 2011. Investigation of this strain of
Ostreopsis cf. ovata cultivated in our laboratory by ultra-high performance liquid chromatography
coupled to high resolution mass spectrometry (UHPLC-HRMS) confirmed the production of ovatoxins -a
to—e and revealed the presence of a new ovatoxin analogue, hamed ovatoxin-h. Ostreopsis cf. ovata
extracts were pre-purified by Sephadex LH-20 to obtain a concentrated fraction of ovatoxins (OVTXs).
This method provided a recovery of about 85% of OVTXs and a cleanup efficiency of 93%. Different
stationary phases were tested with this fraction of interest to elucidate the structure of the new OVTX
congener and to obtain purified ovatoxins. Eight reversed phase sorbents were evaluated for their
capacity to separate and purify ovatoxins. Among them Kinetex C18, Kinetex PFP and Uptisphere C18-
TF allowed for best separations almost achieving baseline resolution. Kinetex C18 is able to sufficiently
separate these toxins, allowing us to identify the toxins present in the extract purified by Sephadex LH-
20, and to partly elucidate the structure of the new ovatoxin congener. This toxin possesses one oxygen
atom less and two hydrogens more than ovatoxin-a. Investigations using liquid chromatography coupled
to high resolution tandem mass spectrometry suggest that the part of the molecule where ovatoxin-h
differs from ovatoxin-a is situated between C42 and C49. Uptisphere C18-TF was proposed as a first
step preparative chromatography as it is able to separate a higher number of ovatoxins (especially
ovatoxin-d and ovatoxin-e) and because it separates ovatoxins from unknown compounds, identified
using full scan single quadrupole mass spectrometry. After pre-purification with Sephadex LH-20,
purification and separation of individual ovatoxins was attempted using an Uptisphere C18-TF column.
During recovery of purified toxins, problems of stability of OVTXs were observed, leading us to
investigate experimental conditions responsible for this degradation.
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Highlights

» A new analogue of ovatoxin is described. » Uptisphere Cs-TF is a suitable column to separate
ovatoxins. P A protocol is proposed for the purification of ovatoxins.
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1. Introduction

Benthic dinoflagellates of the genus Ostreopsis are common in tropical and subtropical areas, but have
recently been observed in increasing intensity and frequency in temperate seas [1] and [2]. Over the last
decade, Ostreopsis sp. produced significant blooms during summer around the Mediterranean basin [3],
[4], [5], [6], [7]and [8]. Ostreopsis bloom events may have important environmental and health
consequences. Indeed, the occurrence of potentially toxic dinoflagellates in the ecosystem can have
impact at several levels. Palytoxins can enter the food web and accumulate in marine organisms, and
then can lead to food intoxications in seafood consumers. Moreover, Ostreopsis sp. was also involved
in intoxication via inhalation [9]; irritations by direct contact, mainly skin irritations [10]; and mass
mortalities of invertebrates [1], [7], [11] and [12].

Along the Mediterranean coasts of Europe, North Africa and the Atlantic coast of Portugal, blooms of
Ostreopsis confer (cf.) ovata and less frequently of Ostreopsis cf. siamensis have been occurring over
the last two decades [3], [6], [8] and [13]. In France, only blooms of Ostreopsis cf. ovata have been
observed to date. This dinoflagellate produces putative palytoxin (p-PLTX) and ovatoxins (OVTXs), a
class of palytoxin analogues that have recently been identified in both field and cultured samples. Seven
OVTXs have been described OVTX-a, -b, -c, -d, -e, -f [14], [15] and [16]. and OVTX-g, a novel ovatoxin
isolated very recently in the South of Catalonia (NW Mediterranean Sea) [17]. Among them, only the
structure of OVTX-a was elucidated by both MS" and NMR [18]; the other ones only being structurally
characterized by their high resolution mass spectrum (HRMS) and/or by MS" data, in comparison with
OVTX-a and PLTX ( Table 1).
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Palytoxin presents a long and highly functionalized chain with both hydrophilic and
lipophilic parts. The molecule consists of a long partially unsaturated aliphatic backbone
containing 2 amide groups, 1 amine function, 42 hydroxyl groups, 7 ether rings,
ketal/hemiketal rings and 8 double bonds [20]. In comparison with PLTX, OVTX-a possesses
an extra hydroxyl group at the 42-position and a lack of three hydroxyl groups at the 17-, 44-,
and 64- positions [17] (Figure 1) [18]. The fragmentation pattern of palytoxin, with
informative cleavages all along the backbone of the molecule could provide direct strategy to
get structural information on uncharacterized palytoxin congeners, available in quantities too
small to be studied by NMR.

Production of different analogues depends on the strain of Ostreopsis. Both in the field
and in culture, the toxin profile of Ostreopsis cf. ovata is generally dominated by OVTX-a,
followed by OVTX-b, OVTX-d/e, OVTX-c and p-PLTX [15,21,22]. Recently, a strain of
Ostreopsis cf. ovata was found to produce 50 % of OVTX-f [16]. However, due to a lack of
calibration standards for ovatoxins, LC-MS results are typically expressed as palytoxin
equivalents (PLTX-equiv.), assuming that toxins of the palytoxin group possess the same
molecular response factor in MS detection [14]. Hence, ovatoxins need to be purified and
isolated for a better understanding of the molecular bases of their bioactivity.

Most authors have used reversed phase chromatography to analyze ovatoxins, mostly
with Cig [23] and particularly Gemini Cig [9,15,16,24,25], Cg sorbents [26] or Hydrophilic
Interaction Liquid Chromatography (HILIC) [27,28]. These columns were suitable for OVTX
identification and quantification, in association with MS detection, but not sufficiently
efficient for complete separation and purification of OVTXs.

For purification of PLTX-analogues, several protocols were described in literature
either from Palythoa sp. [29,30] or from Ostreopsis sp. [18,23,31]. Among these protocols,
liquid-liquid extraction, solid phase extraction (SPE) or flash chromatography, and finally
preparative chromatography were generally used.

In the case of Ostreopsis cf. ovata, as ovatoxins possess very close chemical and
physical properties, purification of these toxins into individual toxins remains difficult in spite
of the complex protocols described in the literature. Several purification steps were reported,
including partitioning [23], solid phase extraction (SPE) with Cig or ion-exchange sorbents
[32,33], and flash chromatography [18]. Sometimes, several methods were combined [34].
Among the purification methods starting from Ostreopsis cf. ovata cells, Hwang et al (2013)
extracted ostreol A, a new cytotoxic compound from Ostreopsis cf. ovata [35]. For this

purpose they used liquid-liquid partitioning with butanol followed by purification via flash
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100  chromatography with silica gel, then Sephadex LH-20 and, finally, preparative Cig
101  chromatography [35]. Uchida et al (2013) isolated OVTX analogues in purified extracts of
102  Ostreopsis cf. ovata from Japanese IK2 strain using liquid-liquid partition with
103  dichloromethane followed by purification through SPE cartridge (OASIS HLB) [34].
104  Ciminiello et al. (2012) succeeded in isolating OVTX-a using an Ostreopsis cf. ovata strain
105  which produced 77 % of OVTX-a, and which did not produce any OVTX-b and OVTX-c
106  (OVTXs eluting very close to OVTX-a) [18]. The cell extract was first partitioned with
107  dichloromethane followed by flash chromatography and preparative chromatography both
108  with Cyg stationary phase, and finally purified on a Kinetex 2.6 um HPLC column [18].

109 In the present study, we report on HR LC-MS/MS analysis of a French Ostreopsis cf.
110  ovata strain collected at Villefranche-sur-Mer (France) during a bloom in 2011. This strain
111 (IFR-OST-0.3 V) revealed a toxin profile qualitatively different to those previously reported,
112 with a new OVTX congener. Different columns were tested to elucidate the structure of this
113  new OVTX congener and to obtain purified ovatoxins. After pre-purification with Sephadex
114  LH-20 [22], purification and separation of individual OVTXs was attempted using an
115  Uptisphere Cig-TF column. During recovery of purified toxins, problems of stability of
116  OVTXs were observed, leading us to investigate the experimental conditions responsible for
117  this degradation.

118 2. EXPERIMENTAL SECTION
119 2.1. Chemicals
120 Acetonitrile (ACN) for LC-MS/MS analysis and methanol (MeOH) were obtained as

121  HPLC grade solvents (JT Baker) from Atlantic Labo (Bruges, France). Milli-Q water used for
122 mobile phase and extraction was supplied by a Milli-Q integral 3 system (Millipore). Formic
123  acid (Puriss quality), ammonium formate (Purity for MS), and acetic acid (99 % purity) were
124 from Sigma Aldrich (Saint Quentin Fallavier, France). PLTX standard for LC-MS/MS
125  analysis was purchased from Wako Chemicals GmbH (Neuss, Germany). Sephadex LH-20
126  was purchased from VWR (Strashbourg, France). Acetonitrile and water used for LC- HR MS"

127  analysis were optima purity from Fisher Scientific (lllkirch, France).
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128 2.2. Ostreopsis cf. ovata cultures

129 Purification of ovatoxins was carried out from cells of cultured Ostreopsis cf. ovata.
130  Cells were originally isolated by capillary pipet from field water collected in the bay of
131  Villefranche-sur-Mer in summer 2011, during a bloom of Ostreopsis cf. ovata.

132 After initial growth in microplates, the cells were cultured in 350 mL flasks at 22°C
133 under 16L:8D cycle (420 pmol-m%:s™'). Culture conditions were previously optimized [36]
134 and were established in filtered natural seawater, at salinity of 38, adding nutrients at L1
135  concentration and soil extract. Cells were harvested during late stationary phase, between 25
136 and 30 d, when biomass and toxin concentrations were optimum [22]. Cells were gently
137  removed from the flask bottom, and subsequently the homogenized culture was centrifuged at
138 3000 g for 15 min. Supernatants were discarded and cell pellets were kept at -20°C until
139  extraction.

140 2.3. Cell extraction

141 Methanol (MeOH)/water (50 mL, 1/1: v/v) was added to 20 g of algal paste, obtained
142 from 10 L of Ostreopsis cf. ovata cultures. The mixture was sonicated twice, with ultrasonic
143 probe, during 40 min, while cooling the solution with an ice bath. Once cells were disrupted,
144  the sample was centrifuged at 3000 g at 4°C for 15 min. The resulting pellets were rinsed
145  twice with 20 mL of methanol/water (1/1: v/v) and supernatants were combined and adjusted
146  to 100 mL with methanol/water (1/1: v/v). The extract was separated into 3 homogenized
147  fractions. The first part (10 mL) was kept as crude extract and used for purification
148  monitoring, while the two other fractions (45 mL) were used for purification. These last two
149  samples were filtered through 0.45 um membrane and concentrated to 5 mL under a gentle

150  stream of nitrogen before purification using Sephadex LH-20.
151 2.4. Pre-prurification by Sephadex LH-20

152 Prior to use, Sephadex LH-20 sorbent (60 g) was conditioned with MeOH over night,
153  then packed in a glass column (76 x 2 cm) and finally rinsed with MeOH. The two
154  concentrated extracts of Ostreopsis cf. ovata (5 mL) were loaded separately onto the
155  Sephadex LH-20 column. Thirty-three fractions of 5 or 10 mL of MeOH were collected.
156  Fractions were filtered (Nanosep MF 0.2 pm) and analyzed by LC-MS/MS in order to
157  identify fractions containing OVTXs. Fractions which contained significant quantities of

158  OVTXs were gathered and concentrated under nitrogen stream.
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159 2.5. Chromatographic systems and conditions

160 Four chromatographic systems were used: 1) to quantify the toxins during purification
161  steps (system 1); 2) to analyze and to characterize toxins present in some extracts and purified
162  fractions (system 2); 3) to characterize and to select the columns for chromatographic
163  purification and analysis process (system 3); 4) to monitor extracts during purification process
164  and to confirm the column choice for chromatographic purification (system 4).

165 All these chromatographic systems included solvent reservoir, online degasser,
166  quaternary pump, thermostated autosampler and thermostated column compartment.

167 2.5.1. System 1: LC-MS/MS quantification

168 LC-MS/MS experiments were performed using a LC system (UFLC XR, Shimadzu,
169  Champs-sur-Marne, France) coupled to a hybrid triple quadrupole/linear ion-trap mass
170  spectrometer (APl 4000 Qtrap, AB SCIEX, Les Ulis, France) equipped with a turbospray
171  interface. Toxins were separated on a Cig Gemini column (150 x 2.0 mm, 3 um)
172 (Phenomenex, Le Pecq, France), thermostated at 22°C, with water (A) and 95 %
173  acetonitrile/water (B), both containing 2 mM ammonium formate and 50 mM formic acid at
174 0.2 mL/min flow rate. The gradient was raised from 20 % to 100 % B over 10 min and was
175  held for 4 min before dropping down to the initial conditions.

176 Mass spectral detection was carried out using multiple reactions monitoring (MRM) mode
177  (positive ions). MRM experiments were established using the following source settings:
178  curtain gas set at 30 psi, ion spray at 5000 V, a turbogas temperature of 300°C, gas 1 and 2 set
179  at 30 and 40 psi, respectively, and an entrance potential of 10 V. For highest selectivity, each

180  toxin was quantified with three transitions (Table 2).

181 A collision energy (CE) of 47 eV was applied for bi-charged ions [M + 2H]*, [M + 2H -
182 H20]2+, and a CE of 31 eV for the tri-charged ions [M + 3H - H20]3+ to give the characteristic
183  product ion at m/z 327, 343 or 371 (Part A) [M + H - B moiety -H,0]" (see palytoxin
184  structure, figure 1). Declustering potential (DP) was set at 56 V for all transitions and cell exit
185  potentials (CXP) were 20 and 18 V for bi-charged ions and tri-charged ions, respectively.
186  Transitions in Table 2 were monitored with a dwell time of 25 ms per transition. As only the
187  palytoxin standard was available, quantitative determination of putative-palytoxin, ovatoxin-
188 4, -b, -c, -d,-e, -f and -h, in extracts was carried out assuming that their molar responses were
189 identical to that of palytoxin, at concentrations of 0.05, 0.1, 0.5, 1, 2, 4, 8 and 10 pg/mL.

6
Page 6 of 37



190 2.5.2. System 2: HR LC-MS and MS" analysis

191 Analyses were performed using a UHPLC system (1290 Infinity, Agilent Technologies,
192 Waldbronn, Germany) coupled to a 6540 UHD accurate-Mass Q-TOF (Agilent Technologies,
193 Santa Clara, USA) equipped with a dual ESI source. Chromatographic separation was
194  achieved on a Kinetex Cig (100 x 2.1 mm, 1.7 um) (Phenomenex, Le Pecq, France) column,
195  maintained at 40°C and with a flow rate of 300 uL/min. The binary mobile phase consisted of
196  water (A) and acetonitrile/water (95/5, v/v) (B), both containing 0.2 % acetic acid. The
197  gradient was as follows: 0-20 min from 20 % to 30 % B, 20-21 min from 30 % to 100 % B,
198  21-25 min 100 % B, 25-26 min from 100 % to 20 % B, and 4 min re-equilibration with 20 %
199 B.

200  The instrument was operated in positive mode performing full-scan analysis over m/z 100 to
201 1700 range with an acquisition rate of 2 spectra/s and targeted MS/MS analysis at 5 spectra/s.
202  Capillary voltage was 3500 V and fragmentor voltage 150 V. The temperature of the Jet
203  Stream Technologies™ source was set at 200°C with drying gas at 5 L/min and sheath gas at
204 11 L/min at 350°C. Three different collision energies were applied to the precursor ions to
205  obtain an overview of the fragmentation pathways. The instrument control, data processing

206  and analysis were conducted using Mass Hunter™ software.

207  Calculation of elemental formula in full scan MS and CID MS? spectra were performed by

208  using the mono-isotopic ion peak of each ion cluster.

209 2.5.3. System 3: LC-UV column characterization and selection for chromatographic
210  purification and analysis process

211 LC-UV experiments were performed using an Ultimate 3000RS LC system (Thermo
212  Fisher, Villebon sur Yvette, France), including diode array detector. All the acquisition and
213  analysis data were controlled by Chromeleon 6.8 (Thermo Fisher, Villebon sur Yvette,
214 France).

215 Eight columns were tested to find a column able to separate the OVTXs in order to
216 analyze and/or prepurify Ostreopsis extracts and Sephadex LH-20 fractions (See
217  supplementary data Table S1).

218 2.5.3.a. Evaluation of column characteristics

219 Part of the procedure described by Engelhardt et al [38] was used, with a test mixture
220  containing toluene and ethylbenzene to evaluate hydrophobicity and methylene selectivity,

221  dimethylaniline to evaluate silanol activity and thiourea to evaluate the void volume of
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222  columns. Chromatographic conditions were as follows: mobile phase, methanol/water (6:4,
223  VvIv); injection volume, 5 or 1 pL (according to void volume); temperature, 30°C; and UV
224 detection at 254 nm. Extra-column volumes were subtracted for all columns in order to
225  calculate their real intrinsic void volume. This void volume was required to calculate the true

226  retention factors for the compounds injected to thus characterize different columns.

227 - Methylene selectivity between toluene and ethylbenzene was calculated as follows:
228 O/ = Kethylbenzene! Kroluene= Ke/Kt

229 With Kioiuene (K1) and Kethyinenzene (Ke) being retention factors of toluene and ethylbenzene,
230 respectively.

231 - Selectivity between toluene and dimethylaniline was calculated as follows:

232 opmaT = Kdimethylanitine/Ktoluene= Koma/Kr

233 With Kiotuene (k1) and Kgimethyianitine (Koma) being retention factors of toluene and
234 dimethylaniline, respectively.

235 2.5.3.b. Selection of columns able to separate PLTXs-group toxins

236 A fraction containing ovatoxins, after clean-up of an Ostreopsis cf. ovata extract, using

237  Sephadex LH-20, was injected to make an initial selection of columns. Chromatographic
238  conditions were as follows: injection volume, 10 or 2 pL (according to void volume);
239  temperature, 25°C; UV detection at 263 nm. Linear gradient elution was accomplished in
240  approximately 60 min with water (eluent A) and 95 % acetonitrile/water (eluent B) both
241  containing 0.2 % of acetic acid (See supplementary data Figure S1). To compare the retention
242  and the separation of the PLTX-group toxins we adapted the gradient parameters to the
243  column dimensions, i.e. the isocratic time (x) at the beginning of the gradient and the flow
244 rate (See supplementary data Table S2).

245 Separation between peaks was evaluated by calculating resolution with the following
246  formula [39]:

t..— t
R = 1.18 LS
Wya_p T Wypn_g

247
248 where t;; and t, denote the retention times of the first peak and the second peak,

249  respectively; wy,-1 and w,-o are peak widths at the half height of the first and the second
250  peak, respectively.
251
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252 2.5.4. System 4: LC-MS experiments

253 LC-MS experiments were performed using an Agilent 1160 LC/MS (Agilent, Les Ulis,
254  France) including a simple quadrupole MS detector and a diode array detector. Full scan
255  analyses were carried out in positive mode, with the mass range set to m/z 300-1450. The
256  conditions of API-ESI source were as follows: drying gas (N.), flow rate, 12 mL/min; drying
257  gas temperature, 325°C; nebulizer, 50 psi; capillary voltage, 4800 V; fragmentor 165 V. All
258  acquisition and analysis data were controlled by Agilent LC/MSD ChemStation (Agilent, Les
259  Ulis, France). ). This chromatographic system was firstly used to confirm the choice of the
260  columns that would then be subsequently evaluated in the analysis of extracts and fractions

261  from purification steps.
262 2.5.4.a. Column choice for analysis and purification

263 Three stationary phases, among the eight stationary phases previously tested, were
264  selected by comparison of the chromatograms of the same pre-purified extract obtained in full
265  scan: Kinetex Cig (100x4.6 mm, 2.6 um); Kinetex PFP (150x2.1 mm, 2.6 pm); Uptisphere
266  Cis-TF (250x4.6 mm, 5um).

267 A fraction containing ovatoxins, after clean-up of an Ostreopsis cf. ovata extract, using
268  Sephadex LH-20, was injected. The chromatographic conditions were as follows: injection
269  volume, 20 pL; temperature, 25°C. Linear gradient elution was accomplished in 40 min with
270  water (eluent A) and 95 % acetonitrile/water (eluent B) both containing 0.2 % of acetic acid.
271  The gradient was as follows: 0-40 min from 20 % to 50 % B, 40-41 min from 50 % to 100 %
272 B, 41-46 min 100 % B, 46-47 min from 100 % to 20 % B, and re-equilibration with 20 % B.
273  To compare the retention and the separation of the PLTX-group toxins the flow rate were
274 respectively: Kinetex Cig, 0.7 mL/min; Kinetex PFP, 0.2 mL/min; Uptisphere Cis-TF, 1
275  mL/min.

276 2.5.4.b. Analyses of extracts and fractions

277 Monitoring of purification steps was carried out in full scan on the Kinetex Cig (100 % 4.6
278  mm, 2.6 um) column, thermostated at 25°C. Linear gradient elution was accomplished in 20 min
279  with water (eluent A) and 95 % acetonitrile/water (eluent B) both containing 0.2 % of acetic
280 acid, at 0.7 mL/min flow rate. The gradient was as follows: 0-20 min from 20 % to 40 % B,
281  20-21 min from 40 % to 100 % B, 21-28 min 100 % B, 28-29 min from 100 % to 20 % B,
282  and re-equilibration with 20 % B.
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283 3.RESULTS AND DISCUSSION

284 3.1. Toxin profile of Ostreopsis cf. ovata IFR-OST-0.3 V

285 An intense bloom of Ostreopsis cf. ovata occurred in 2011 on Villefranche-sur-Mer
286  coast (France). Cells were harvested and cultivated (IFR-OST-0.3 V strain) with the
287  optimized culture conditions. Ostreopsis cf. ovata produced up to 20 g of biomass for
288  approximately 10 L of culture, with an average of 92 pg cell* (PLTX equivalent) of toxins.
289  Crude extract of cells were analyzed by UHPLC-HRMS (Q-TOF) in full MS and CID MS?
290  modes with the Kinetex Cig column (100x2.1 mm, 1.7 um). The separation was not totally
291  complete but sufficient to obtain mass spectra of OVTXs. In the absence of standards for any
292  of the ovatoxin analogues, compounds were identified by high resolution MS and by
293  comparison with both an in-house developed database and published ovatoxin spectra (2)
294  [15,16,40].

295 The elemental formulae attributed to ovatoxins-a, -b, -c, -d and -e (Table 3) were
296  obtained from their [M+2H]*, [M+2H-H,0]**, [M+H+Ca]*" and [M-Fragment B -H,0]"
297 ions, confirming that these ovatoxins were very closed to the ones described by Ciminiello et
298 al [15]. Indeed, they present the same elemental formulae, and errors of the different
299  fragments attributed were generally lower than 10 ppm (see Tables S3 and S4 in
300 supplementary data). Precision was lower than typically achieved on this instrument, at least
301 partly due to the low abundance of the mono-isotopic ions of the molecular clusters
302  mentioned above. Use of the mono-isotopic ions is however required in order to facilitate the
303 interpretation of fragmentation patterns.

304 The order of elution of OVTXs was the same as already reported [15,16]: OVTX-c,
305 then OVTX-d and OVTX-e, OVTX-b and OVTX-a as major product. Moreover, another
306  component, eluting after OVTX-a, could be attributed to an ovatoxin analogue thanks to its
307 fragmentation characteristics: [M-fragment B-H,O]" at m/z 327.1914, bi-charged and tri-
308 charged clusters characterized by multiple water loss and retention time close to ovatoxins.
309  Moreover, it was be noticed that this analogue had the same UV spectra as the other OVTXs
310 (Amax = 233 and 263 nm), confirming the presence of the same chromophores. This

311  compound was named ovatoxin-h (OVTX-h).

312
313 3.2. Characterization of ovatoxin-h
314 As already outlined by Ciminiello, assignment of elemental formulae of OVTXs is

315  complicated because of their high molecular weight, numerous possible combinations of C,
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316 H, O and N atoms, water losses and various adducts formed with mono and divalent cations
317 [16]. The elemental formula assigned to ovatoxin-h (CixH25N3Os;) was deduced by
318 combining assignment of the most abundant doubly and triply charged ions of full MS spectra
319  of OVTX-h, namely:

320 - [M+2H]** m/z 1317.7602 (mono-isotopic m/z 1317.2569, Ci29H227N3Os1, A = -3.45
321  ppm)

322 - [M+2H-1H,07** m/z 1308.7580 (mono-isotopic m/z 1308.2519, Ci2gH225N30s0, A = -
323  1.15 ppm)

324 - [M+2H-2H,0]*" m/z 1299.7493 (mono-isotopic m/z 1299.2474, C129H223N3049, A = -
325  3.77 ppm)

326 - [M+2H-3H,07*" m/z 1290.7453 (mono-isotopic m/z 1290.2434, Ci2H21N3504s, A = -
327  3.77 ppm)

328 - [M+H+Ca]*" m/z 891.4937 (mono-isotopic m/z 891.1586, C12gH205N305:Ca, A = -1.19
329  ppm)

330 - [M+H+Ca-1H,0]** m/z 885.4921 (mono-isotopic m/z 885.1542, C12gH224N3050Ca, A =
331  0.97 ppm)

332 - [M+H+Ca-2H,0]** m/z 879.4890 (mono-isotopic m/z 879.1517, C120H22,N304Ca, A =
333  -1.78 ppm).

334 All these attributions were confirmed by the comparison of all theoretical and

335 experimental ions of the isotopic profile (see Tables S5 and S6 in supplementary data).
336  Therefore, OVTX-h contains 1 oxygen atom less and 2 hydrogen atoms more than OVTX-a.
337  Analternative formulae (Ci28H221N30s;) could have been assigned but was rejected due to the
338  mass error exceeding 10 ppm in most cases (Tables S5 and S6 in supplementary data).

339 HR LC-MS/MS spectra of these two OVTXs were acquired and analyzed in parallel in
340  order to identify the region of the molecule where structural differences occurred between
341 OVTX-a and OVTX-h. The structure of OVTX-a was recently determined by nuclear
342  resonance magnetic (NMR) [18]. This study was based on a previous one by Ciminiello et al.,
343 in which the authors demonstrated characteristic fragmentations at several sites of the
344  backbone of OVTX-a and PLTX. Structural information was obtained by MS? experiments,
345 using both the [M+2H]*" ion m/z 1317.7627 and the [M+H+Ca]** ion m/z 891.4935 for
346  OVTX-h and [M+2H]* ion m/z 1324.7543 and the [M+H+Ca]*" ion m/z 896.1549 for
347  OVTX-aas precursors (Figure 4).

348 In accordance with the study by Ciminiello et al., different types of fragments could be

349  observed on the HR CID MS? spectra (Figure 4). First of all, some fragments were the result

11
Page 11 of 37



350 of cleavage of the molecule, generating mono- or bi-charged ions and corresponding to the A-
351 side (containing 2 N) and/or the B-side (containing 1 N). Most of these ions were calcium
352  adduct fragments, whereas the others were protonated fragments. These fragmentations were
353 also characterized by several water losses. Secondly, combinations of several consecutive
354  fragmentations may occur, leading to mono- or di-charged fragments.

355 Comparison of elemental formulae of OVTX-h fragments with OVTX-a fragments
356  suggested that they shared the same backbone and indicated the region where structural
357  difference occurred (Figure 4; Table 4 and Table 5). Numbers attributed to fragments in this
358  work are the same as those attributed in the studies by Ciminiello et al. [16,40], in order to
359 facilitate comparison and comprehension between the studies.

360 In the parts of the structure ranging from C1 to C9 and from C50 to C115 (Figure 4)
361 cleavages occurred at the same sites in both OVTX-a and OVTX-h, and generated #4A-side
362 and #17B-side having the same elemental composition in both compounds (Table 4),
363  suggesting that the structural differences occurred between C9 and C50. Moreover, #4B-side
364 and #17A-side have a difference of elemental composition corresponding to one O atom less
365 and two H more for OVTX-h as compared to OVTX-a. The internal fragment corresponding
366 to cleavages # 4 + # 12 indicated the same elemental formulae for OVTX-a and OVTX-h,
367  suggesting that they share the same structure between C9 and C41. This was corroborated by
368  the internal fragments corresponding to cleavages, # 7 + # 12, #9 + # 12 and # 10 + # 12
369  found identical in both molecules. All these observations lead us to conclude that structural
370  differences occurred between C42 and C49. Comparing relative double bonds of OVTX-a and
371  OVTX-h for the #4 B-side (RDB = 17 and 16 respectively) and the #17 A-side (RDB =9 and
372 8 respectively), we could suggest a ring opening in the part of the OVTX-h molecule
373 comprised between C42 and C49.

374 However, clearly more investigations will be required for the full structure elucidation
375 of OVTX-h.

376

377 3.3. Prepurification by Sephadex LH-20 and fractions of interest

378  The strategy pursued to purify OVTXs was to initially pre-purify a high quantity of
379  Ostreopsis cf. ovata extract, in order to eliminate the majority of undesirable compounds, then
380 to separate OVTXs with a semi-preparative column and individually collect them. A previous
381  study demonstrated the efficacy of Sephadex LH-20 sorbent to pre-purify Ostreopsis extracts
382  [22], and purification of toxins from their algal producer had previously been achieved with a
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383  reduced number of purification steps for other toxins [41]. The Sephadex LH-20 sorbent was
384  chosen since it provides separations on the basis of molecular size with an exclusion limit of
385 MW 4,000-5,000 Da. This purification-step provided a cleanup efficiency of 93 % and a
386  recovery of about 85 %, representing an increase of toxin percentage of 13-fold. The
387  percentage of toxins in Ostreopsis crude extract had been 0.4 % while the percentage of
388  toxins in the relevant Sephadex LH-20 fraction was increased to 5.1 % (Figure 5). While the
389 chromatogram of the crude extract showed numerous peaks corresponding to unknown
390 compounds and a high base line, the chromatogram of the purified extract shows almost only
391 OVTXs (set aside the well separated solvent/matrix front). This visual confirmation shows
392 that a large proportion of undesirable compounds was eliminated after passage through
393  Sephadex LH-20 stationary phase. Moreover, the separation of PLTX-group toxins was
394  improved, with less shouldered peaks, suggesting that Sephadex LH-20 had also eliminated
395  molecules eluting at the same retention time as PLTX-group toxins. PLTX-group toxins were
396 identified by their characteristic mass spectra in comparison with the literature [15].

397 Sephadex LH-20 fractions containing OVTXs were combined in order to decrease the
398  number of purification steps and purify a high quantity of OVTXs at once. In general, a loss
399  of compounds is observed in any purification step. During the optimization of the purification
400  step with Sephadex LH-20, important losses of toxins were observed when using glass tubes.
401  The amount lost was different for different elution solvents (MeOH or MeOH/water (1/1
402  vlv)). For example, a loss of 83 % of OVTXs was observed during the storage over two
403  months of methanolic fractions (concentration about 58 pg/mL of ovatoxins), even at -20°C,
404  whereas the loss was much less important (30 %) with MeOH/water (1/1 v/v) fractions
405  (concentration about 26 pug/mL of ovatoxins) over the same time period and even at -20°C. It
406  was supposed either transformation of ovatoxins or interactions between OVTXs and silanols
407  of glass tubes could occur. These interactions diminished when 50 % of water is present in
408  solution. This protective effect of water could be due to an increase of dielectric constant of
409 the solvent, diminishing the electrostatic interactions, and/or to an increase of OVTXs
410  solubility in the medium. Polypropylene tubes were then used for later experiments to avoid
411  such losses.

412 Another loss of OVTXs during purification processes could be observed during the
413  evaporation of chromatographic fractions, even if when a gentle stream of nitrogen was used.
414  Indeed, after evaporation to dryness, re-dissolution of toxins in MeOH/H,O (1/1 v/v) was
415  very difficult, a loss of 33 % of toxins being typically observed. Complete evaporation to
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416  dryness was therefore avoided and evaporation was only used for sample concentration, with

417  afinal volume of solvent always being retained.

418
419 3.4. Column selection and evaluation
420 Purification and separation of OVTXs is difficult, mainly because they have high

421  molecular weight and small structural differences. Otherwise, they possess an amphiphilic
422  character due to long carbon chains and numerous hydroxyl groups. Considering these
423  characteristics we compared the chromatographic behavior of OVTXs in a pre-purified extract
424 with different columns possessing different potential interaction modes: hydrophobic, dipolar
425  and electrostatic interactions (See supplementary data Table S7).

426 The selected columns differed by their bonded structure (long alkyl chain (Cig) or polar
427  embedded Cig or pentafluorophenyl (PFP)) and their grafting mode (mono or tri-anchored).
428  Chromatographic separation using HILIC interaction had been initially considered, however,
429 was not finally used as ovatoxins appeared more soluble in MeOH/water mixtures, not
430 recommended as injection solvent with these columns. Gemini Cig stationary phase was
431  envisaged because it is the most widely used stationary phase for detection and quantification
432  of OVTXs. Kinetex Cig stationary phase is a recent, silica-based stationary phase with Cig
433  bonding. This column is characterized by its Core-shell™ technology that results in narrower
434  peaks compared to porous silica Cig columns. Such better peak shape would be advantageous
435  for the separation of closely eluting ovatoxins. Uptisphere Cis-TF stationary phase is a
436 trifunctional Cyg stationary phase that possesses an alternative selectivity compared to
437  classical Cig phases [42]. Acclaim Polar Advantage 11 (PA2), Synergy Fusion RP and Polaris
438  Amide-Cg stationary phases possess a Cig grafting with a polar embedded functional group
439 inserted near the silica resulting in balanced polar and hydrophobic interactions. Finally,
440  another Kinetex stationary phase was used with pentafluorophenyl (PFP) grafting. This
441  column may provide a very high degree of steric selectivity to separate structural isomers and
442  high selectivity for cationic compounds due to the electronegative fluorine groups. These four
443  last columns could facilitate interactions with polar groups of OVTXs, and could influence
444 their separation.

445
446 3.4.1. Evaluation of column characteristics
447 Toluene (T) and ethylbenzene (E) retention factors (kt and ke respectively) and

448  methylene selectivity (o = ke/kt) were lower for the Uptisphere C15-TF, the Polaris amide
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449 Cig and the Kinetex PFP columns, showing their low hydrophobicity and methylene
450  selectivity in comparison with the other columns (see Table S6 in supplementary data). This
451  would be expected for Polaris Amide Cig and Kinetex PFP since their stationary phases
452  possess functions allowing polar interactions. The lower retention factors of the Uptisphere
453  Cig-TF column could be attributed mainly to lower bonding density, this column showing a
454  comparable methylene selectivity to the other Cig columns. Surprisingly, the two other
455 embedded Cis columns (Synergi Fusion RP and Acclaim polar advantage Il) showed
456  hydrophobic characteristics and methylene selectivity close to Gemini Cyg and Kinetex Cig.

457 The analysis of the tailing factor of dimethylaniline (As,,,) compared to the tailing
458  factor of ethylbenzene (As.) showed that Uptisphere C1-TF and the Kinetex PFP possess a

459  high silanol activity or high accessibility to polar sites (as previously described by Lesellier et
460 al. [42]). The specific behavior of these two columns is corroborated by the high value
461  obtained for selectivity between DMA and toluene.

462

463 3.4.2. Pre-selection of columns able to separate PLTXs-group toxins

464  To date, there is no official method for PLTX-group toxin analyses; consequently, each
465  laboratory develops their own methodology in order to confirm or not the presence of toxins
466  in samples [43]. A pre-purified extract of Ostreopsis cf. ovata was analyzed by LC with these
467  eight selected columns to verify their selectivity for ovatoxins (for chromatographic
468  separation see Figure 6, for resolutions Table 6). Chromatographic detection was carried out
469  using both UV (at 263 nm) and full scan mass spectrometric detection. Interestingly, an
470  ovatoxin-a isomer, showing the same MS spectra as OVTX-a but different retention time, was
471  observed only with the Uptispher C18-TF stationary phase. This isomer was named OVTX-
472 a’.

473 Despite the potentially different interaction modes of these eight columns, ovatoxins
474 surprisingly eluted in the same order independent of the column: OVTX-c, OVTX-d and/or
475 OVTX-e, OVTX-b, OVTX-a and —a’ and OVTX-h. However, p-PLTX was not detected in
476  any of our samples. Among the seven ovatoxins detected in the extract:

477 - Gemini Cyg and Polar advantage Il columns were able to separate only four peaks.
478 With these columns, OVTX-d and -e were indistinguishable, and OVTX-a and
479 OVTX-h were not separated.

480 - Synergi Fusion and Polaris Amide columns were able to separate five peaks. With
481 these columns the resolutions were generally superior to 1.6, i.e. baseline separation
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482 was almost achieved. However, even if resolutions were sufficient for most OVTXs,

483 some analogues were not well separated. Indeed OVTX-d and -e were
484 indistinguishable and OVTX-a and OVTX-h were totally (Polaris amide) or
485 partially (Synergi Fusion) separated.

486 - Kinetex C;3 and Kinetex PFP columns could separate more or less efficiently six
487 peaks: OVTX-c, OVTX-d, OVTX-e, OVTX-b, OVTX-a and OVTX-h. Generally,
488 resolutions were higher than 1.6 with these columns, except between OVTX-d and
489 OVTX-e. These two compounds are isomers; therefore, separation between them
490 was expected to be more complicated.

491 - Uptisphere Cy5-TF was the only column able to separate all seven OVTXs present in
492 our samples. All resolutions were not superior to 1.5, however, partial separation
493 was possible for OVTX-aand OVTX-a’ and OVTX-d and OVTX-e.

494 With the UV detection mode, three stationary phases were then first selected as they

495  were able to give the best separation of OVTXs: Kinetex Cig, Kinetex PFP and Uptisphere
496  Cis-TF.

497 3.4.3. Final selection of columns able to separate PLTXs-group toxins

498 The advantage of UV detection at A = 263 nm was to selectively detect OVTXs present
499 in the samples. Subsequently, the same samples were analyzed in Full Scan MS mode with
500 these three selected columns (Kinetex Cig, Kinetex PFP and Uptisphere Cis-TF) in order to
501  confirm our choice, both in terms of separation of OVTXs between themselves, and in terms
502  of the separation from unknown compounds eluted in the same fraction as OVTXs, named P1
503 to P6 (See supplementary data: figures S2.a to S2.f for P1 to P6 spectra and S2.g to S2.m for
504  OVTXs spectra). The chromatograms obtained with these three columns are reported Figure
505 8.

506 The chromatograms obtained for these three columns confirmed the separations
507  previously obtained (UV detection at 263 nm). Peaks obtained with the Kinetex Cig column
508  were very narrow, proving the efficacy of Core-shell™ technology. Also, compounds all
509 eluted with lower retention times than those of the two other columns, permitting lower
510 analysis time. However, six unknown compounds (P1-P6) were also present in this sample.
511  Three of these unknowns had retention times very close to OVTXs, hence it may be more
512  difficult to separate these compounds from OVTXs by semi-preparative chromatography.
513  Separation of OVTXs with the Kinetex PFP column seemed to be poor with these
514  chromatographic conditions similar to the Kinetex Cig column. This was possibly related to
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515 the high injection volume (20 pL). Indeed, there was no separation between OVTX-d, -e, and
516  -b. Moreover, only five unknown compounds were observed, and they were not well
517  separated. The Uptisphere Cig-TF column allowed for a satisfactory separation between
518 OVTXs, comparable to the chromatogram recorded with UV detection. With this column, the
519  six unknown compounds (P1-P6) were also better separated from ovatoxins. Considering that
520  their mass spectra revealed numerous water losses and clusters of tri- and di-charged ions,
521 these compounds may be structurally related to OVTXs. However, they have molecular
522  weights significantly lower than OVTXs, and compounds with their mass-spectra were, to our
523  knowledge, not yet reported in the literature.

524 The particular selectivity of the Uptisphere C1g-TF stationary phase could be due to the
525  tri-anchored grafting mode. With this column, the C;g alkyl chains would therefore be more
526  distant from each other, allowing for better insertion of OVTXs between the Cig alkyl chains,
527 leading to higher interactions with the stationary phase. Separation of ovatoxin-d and
528  ovatoxin-e is a particular challenge as these two molecules are isomers. Uptisphere Cis-TF
529 allowed for their separation, however separation between ovatoxin-e and ovatoxin-b was
530 decreased. An attempt to improve separation on the Uptisphere column was carried out by
531 varying some parameters including acetic acid percentage in the mobile phase (0, 0.1 or
532 0.2 %), gradient steepness and percentage of organic solvent (acetonitrile) at the beginning
533 and at the end of the linear gradient. Higher acidity of the mobile phase (0.2 % of acetic acid)
534  provided sharper peaks and reduced ovatoxin retention times confirming the choice of 0.2%
535 acetic acid percentage. Moreover, best separation and repeatable retention times were
536  obtained with a slow, linear gradient from 20 % to 40 % over 40 min. The Uptisphere C15-TF
537  column was thus selected for first step of semi-preparative chromatography (250x10 mm,
538 5 um) for separation of higher quantities of OVTXs. Ideally, this column should be combined
539  with Kinetex Cyg for better isolation of OVTXs.

540 CONCLUSION

541 A new ovatoxin analog, named ovatoxin-h, has been detected in a French Ostreopsis cf.
542  ovata strain collected at Villefranche-sur-Mer. It represents almost 15 % of the ovatoxin
543  profile of Ostreopsis cf. ovata [22]. Ovatoxin-h elemental composition presents one oxygen
544  atom less and two hydrogens more than ovatoxin-a. The LC-HR MS? data suggest that
545  structural differences between molecules could be between C42 and C49. Chromatographic

546  separations with different reversed phase sorbents showed that Kinetex Cis, Kinetex PFP and
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547  Uptisphere C1g-TF allowed for the best separations, almost achieving baseline resolution for
548  most ovatoxins and thus allowing for their easy identification and quantification. Uptisphere
549  Cis-TF is proposed for preparative chromatography, as it is able to separate a higher number
550 of ovatoxins (especially ovatoxin-d and ovatoxin-e) and it is able to separate ovatoxins from
551  unknown compounds. In combination with our previous work [22], we propose a purification
552  method for ovatoxins from the biomass of cultured Ostreopsis cf. ovata, using first a
553  chromatographic step separation with a Sephadex-LH-20 phase, and then a separation step
554  with an Uptisphere Cig-TF column. However, preliminary purification tests (data not shown)
555  underlined loss of ovatoxins during the purification process, probably due to adsorptions
556  and/or transformation of ovatoxins. Before accomplishment of complete purification, purity

557  and stability tests have to be completed.
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731

732 FIGURE CAPTIONS
733

734  Figure 1. Palytoxin and ovatoxin-a structures. Cleavage between carbons 8 and 9 originates
735 A and B structural moieties.
736

737  Figure 2. 20VTXs detected in the extract of Ostreopsis cf. ovata. HR-MS/MS spectra were
738  obtained by fragmentation of bi-charged ions at three different collision energies of 20, 40
739  and 60 eV. The average spectra are shown here.

740

741  Figure 4. HR MS/MS spectra of the di-charged ion [M+2H]** of (A) ovatoxin-a [1324.7543]
742  and (B) ovatoxin-h [1317.7627], both at CE 20 eV. Figures (C), (E) represent MS/MS spectra
743 of the triply charged ion [M+H+Ca]** of ovatoxin-a [896.1549] at CE 30 and 40eV,
744  respectively. Figures (D), (F) represent ovatoxin-h [891.4935] at CE 30 and 40 eV,
745 respectively.

746

747  Figure 5. Structure of ovatoxin-a and cleavages resulting from various HR CID MS? spectra
748 of OVTX-a and OVTX-h. Cleavage numeration was the same as that reported in literature
749  [40]. Solid lines correspond to cleavages that generated two fragments (left and right hand
750  side of the molecule) while dotted lines correspond to internal fragments (missing left and
751  right hand side of the molecule). The two regions marked in red denote those where
752  differences are observed in fragments between OVTX-a and OVTX-h.

753

754  Figure 6. Comparison of crude extract (in red) and a fraction containing toxins eluted from
755  Sephadex LH-20 (in green). The blue line represents an injection of a solvent blank.
756  Chromatograms were obtained with chromatographic conditions as follows: Kinetex C;g (100
757 x 4.6 mm, 2.6 pum) gradient elution during 20 minutes with water (eluent A) and 95 %
758  acetonitrile/water (eluent B) both containing 0.2 % of acetic acid, at 0.7 mL/min flow rate,
759  and with percentage of B varying from 20 % to 40 %. Analyses were obtained in full scan m/z
760  [300-1450].

761
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762  Figure 7. Comparison of the portion of the chromatograms containing the OVTXs and
763  obtained for a Sephadex LH-20 pre-purified extract analyzed with eight different columns
764  (See Table S1 in supplementary data). Separations were carried out with gradient elution with
765  water (eluent A) and 95 % acetonitrile/water (eluent B), both containing 0.2 % of acetic acid,
766  and changing percentage of B from 20 % to 40 % over 40 min. Flow rate was adapted for
767  each column (See Table S2 in supplementary data). Detection was carried out using UV at
768 263 nm.

769

770  Figure 8. Comparison of chromatograms of a fraction containing ovatoxins after clean-up
771  using Sephadex LH-20 obtained using three different columns: (A) Kinetex C1g (100x4.6 mm,
772 2.6 um), (B) Kinetex PFP (150%2.1 mm, 2.6 pum) and (C) Uptisphere C1g-TF (250%x4.6 mm, 5
773  pm). Separation was carried out using linear gradient elution with water (eluent A) and 95 %
774  acetonitrile/water (eluent B), both containing 0.2 % of acetic acid, and changing percentage of
775 B from 20 % to 50 % over 40 min. Flow rate was adapted for each column: (A) 0.7 mL/min,
776 (B) 0.2 mL/min, (C) 1 mL/min. Injected volumes: 20 uL. Detection used: Full Scan MS (m/z
777 [300-1450]).

778

779
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TABLES

Table 1. Structural information concerning PLTX and OVTXs: elementary formulae,
elemental composition of A- and B- moieties resulting from cleavage between C8 and C9 and
an additional water loss, molecular weight [15,16,17,19]

Toxins Elementary formulae A moiety [M-B-H,0]" (m/z) B moiety MW Da
Z?Lylf(:?;rl/ C129H223N3054 ClGHZGNZOS (3273) C113H195NO 268014
Ovatoxin-a Ci129H523N30s, CeHNO.  (327.3) C,sHNO, 2648.14
Ovatoxin-b Ci31H27N30x3 CHy N0 (371.3) C,sHNO, 2692.20
Ovatoxin-c Ci31H27N30s, CHyNO;  (371.3) C,sHNO,, 2708.20
Ovatoxin-d C129H223N3053 CeH,N,0,  (327.3) C,5H.NO,, 2664.14
Ovatoxin-e Ci29H223N3053 CeH,N,0s  (343.3) C,sH.NO 2664.14
Ovatoxin-f Ci31H27N30s, CeHNO.  (327.3) C sH10NO 2676.20
Ovatoxin-g Ci129H223N305, CH,N,O,  (327.3) C,5HsNO, 2632.14

* palytoxin and putative palytoxin are chromatographically separated yet present the same mass spectral characteristics

Table 2. LC-MS/MS PLTX-group toxin transitions.

Toxins [M+2H]**>PartA  [M +2H - H,0]*—PartA  [M + 3H - H,0]* >Part A
p-PLTX 1340.3—-327.3 1331.3-327.3 887.8—327.3
OVTX-a 1324.3-327.3 1315.3-327.3 877.2—327.3
OVTX-b 1346.3—371.2 1337.3—5371.2 891.8—371.2
OVTX-c 1354.3-371.2 1345.3-371.2 897.2—371.2
OVTX-d 1332.3—327.3 1323.3—327.3 882.5—327.3
OVTX-e 1332.3-343.2 1323.3-343.2 882.5—343.2
OVTX-f 1338.3—327.3 1329.3—327.3 886.5—327.3
OVTX-h 1317.6—327.3 1308.8—327.3 872.5—327.3

Table 3.

3

Elemental formulae and molecular mass propositions, retention times and exact masses of the
most important peak of principal ions (m/z) of ovatoxins in the IFR-OST-0.3 V extract as
measured by QTOF LC-HR-MS in positive mode

OVTX-a OVTX-b OVTX-c OVTX-d OVTX-e
C129H223N305
Elemental formulae C131H227N30s3 C131H227N3054 C129H223N3053 C129H223N3053
2
Mono-isotopic
. 2646.4898 2990.5160 2706.5109 2662.4847 2662.4847
molecular ion
Retention time (min) 15.95 15.49 14.27 14.80 15.00

24
Page 24 of 37



[M+2H]™ 1324.2505 1346.2653 1354.2627 1332.2471 1332.2488

lons  [M+2H-H,0]** 1315.2469 1337.2589 1345.2441 1323.2442 1323.2287
m/z [M+H+Ca]*" 896.1556 910.4952 916.1609 901.1480 901.1518
[M-Fragment B -H,0]°  327.1904 371.2174 371.2165 327.1900 343.1861
795
796
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797

798
799
800
801
802
803

Table Assignment of A- and -B side fragments observed in HR CID MS? spectra of OVTX-a and OVTX-h, assigned to corresponding
cleavages according to Ciminello et al. [40].

OVTX-a OVTX-h
Water lon R R . Water lon . R .
Cleavage [40] m/z loss  charge® Formula RDB* Appm m/z loss  charge® Formula RDB Appm
#4/Aside |327.1912*°° -1H,0 1+ C16H2705N, 45 245 327.1911% -1H,0 1+ C16H2705N, 45 -2.75
#4/Bside | 1171.6305% 2+ Ci13H195046NCa 17  -5.46 1164.6396° 2+ Ci13H197045NCa 16 -1.07
. 536.8003" CspHg2015N,Ca 0.09
#12/Aside | 0)09806" -1H,0 21 CoHuOuNCa & -6.96 527.2016°  -1H,0 °° CsoHeoO17N,Ca 8 -3.17
# 15/ Aside 588.3217° 2+ CseH100021N,Ca 8 -0.93 nd*
#16/Aside | 625.3378° 2+ CsoH106023N,Ca 8 -4.48 nd*
737.8607° C1oH11702NCa -8.38
#16/Bside | 728.8589° -1H,0 2+ C7oH11502sNCa 13 -3.70 nd*
719.8518° -2 H,0 C1oH113027NCa -6.24
#17/Aside | 639.3346° 2+ CeoH106024N,Ca 9 -5.40 632.3446° 2+ CeoH108023N,Ca 8 -6.09
. 1390.7669° CeoH116027N 472
#IT/Bside | 1000 76200 -1 H,0 14 CooH114026N 125 50 1372.7534°  -1H,0 L+ CeoH114026N 125 -6.92
#19/Bside | 804.4338°° 1+ CaoHesO16N -5.42 nd*
. 1131.5913* -1 H,0 C107H190045N-Ca -19.46 nd*
#2LIASIde | 11136030° -3H0 27 CyojHisOusNsCa 18.17 nd*
#21/Bside 406.2235%¢ 1+ CxyH3,06N 75 1.33 4062254b 1+ CxyH3,06N 7.5 6.01

* Elemental formulae of the mono-isotopic ion peaks of the isotopic pattern (m/z) are reported in ion charge state (1+, 2+, 3+), relative double bond (RDB) and
errors (ppm). * nd = not detected; ® : ions in the HR CID MS? spectra of the [M+H+Ca]*>" ion of ovatoxin-a (m/z 896.1549) and ovatoxin-h (m/z 891.4935); ® : ions in the
HR CID MS? spectra of the [M+2H-H,0]*" ion of ovatoxin-a (m/z 1315.7479) and ovatoxin-h (m/z 1308.7580); © : ions in the HR CID MS? spectra of the [M+2H]** ion
of ovatoxin-a (m/z 1324.7543) and ovatoxin-h (m/z 1317.7627)
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Table Assignment of the internal fragments observed in HR CID MS? spectra of OVTX-a and OVTX-h assigned to corresponding

cleavages.
OVTX-a OVTX-h
Cleavage [40] m/z V\Il(?;cser ch:;ge’ Formula* RDB* Appm* m/z V\Il(z);\;cser ch:frge‘ Formula* RDB*  Appm®*
s | DN w1t Caion 5 e | st amo ' omen O g

#HA4+#12 364.2005° 2+ Cs6Hs401,Ca 5 1.65 364.2063 2+ Cs6He4012Ca 5 14.0
#A4+#13 394.2128° 2+ CagHes014Ca 5 2.66 nd*
#4+#15 416.2253° 2+ C4oH72045Ca 5 1.08 nd*
BT+#12 521.3132° 1+ CasHa00sCa 45 441 521.3124° 1+ CasHa00sCa 45 -5.95
#O+#12 477.2835° 1+ C6H4505Ca 45  -12.15 477.2870° 1+ C6H4505Ca 4.5 -4.17
#10+#12 | 447.2779° 1+ CasHa304Ca 45  -1.79 447.2775° 1+ CysHa304Ca 45 -4.92

* Elemental formulae of the mono-isotopic ion peaks of the isotopic pattern (m/z) are reported in ion charge state (1+, 2+, 3+), relative double bond (RDB) and
errors (ppm). * nd = not detected; ? : ions in the HR CID MS? spectra of the [M+H+Ca]*" ion of ovatoxin-a (m/z 896.1549) and ovatoxin-h (m/z 891.4935); ° : ions in the
HR CID MS? spectra of the [M+2H-H,O]*" ion of ovatoxin-a (m/z 1315.7479) and ovatoxin-h (m/z 1308.7580); © : ions in the HR CID MS? spectra of the [M+2H]*" ion
of ovatoxin-a (m/z 1324.7543) and ovatoxin-h (m/z 1317.7627)
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Table @

8
. Resolution between OVTXs peaks obtained on eight columns.
Gemini Kinetex Kinetex | Uptisphere Polar Synergi Polaris
Compounds | = Cis-2.6 Cis-5 Fz:lgr-)TF Advantage Il Pusion | amide
OVTX-c
2.28 2.35 3.28 2.04 0.98 2.10 253
OVTX-d
0.57 1.32 >15
OVTX-e | 2.36(% 1.65 (¥) 2.08(*) | 1.88 (%
0.71 1.89 <05
OVTX-b
2.09 1.70 2.52 1.71 1.46 2.19 2.10 2.77 (**)
OVTX-a
<05
OVTX-a' 1.72 (%) | 2.55 (***) < 0.5 (%) |2.11 (***)| 4.33 ()
>15
OVTX-h

(*) no separation for OVTX-d and -e; (**) shouldered peak (***) poor separation
between OVTX-a and -a’.
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Characterization of ovatoxin-h, a new ovatoxin analogue, and evaluation of

chromatographic columns for ovatoxin analysis and purification.
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Table S1. Characteristics of columns tested for the separation of ovatoxins: dimensions,
pore diameter (A), particle size (um), specific surface area (m?%g), manufacturer,
bonding type and bibliographic reference or (*) information from the manufacturer.

Stationary Column Particle Pore Void Specific Carb End
phase and dimension size size volume surface area atr otno/ Bonding type n -d Ref
manufacturer (mmxmm) (um) A) (mL) (m?g) content % cappe
Reversed Phase columns
Gemini (C1e) 45, 5 3 110 0.380 390 14 Cia, fully Porous v o a7
Phenomenex organo-silica
Kinetex (C1s) o), o1 26 100 0.301 200 1p G with Core-shell
Phenomenex Silica
Kinetex (C1s) 150,46 5 100 1392 200 12 Cre with Core-shell v o
Phenomenex Silica
Uptisphere
Cqs-TF 150 x 2.1 5 300 0.369 310 14 C4s polyfunctional  Yes [37]
Interchim
Mixed Mode columns
Feoaim Amide-embedded
Advantage I 100 x 2.1 2.2 120 0.180 300 17 with monpmeric Yes [37]
. behaviour
Dionex
Synergi Mixed classical
A and polar [37],
fusion RP 150 x 4.6 4 80 1.720 475 12 embedded C1s, Yes .
Phenomenex .
fully Porous Silica
. Amide-embedded
Polaris Cqg - ; [37],
amide Varian 150 x 4.6 5 200 1.877 180 14.7 with polymerlc Yes .
behaviour
Other grafting columns
Kinetex PFP Pentafluorophenyl .
Phenomenex 150 x 2.1 26 100 0.308 200 9 core-shell silica Yes
Table S2. Flow rate and initial isocratic elution time for each column.
Column Gemini Kinetex Kinetex Uptisphere Polar Synergi Polaris PEP
Cis Ci5-26 pm Cyg-5um Cqs-TF Advantage I Fusion Amide
Flow rate
. 0.252 0.200 0.924 0.245 0.120 1.142 1.246 0.205
(mL/min)
Isocratic
time x 3.0 2.3 5.0 2.9 0.0 5.2 5.2 54
(min)




100

80

60

% B

Isocratic !
time(x) !

40

—

20

I
1
1
0 X 10+X 20+X 30+X 40+X 50+X 60+Xx
Time (min)

Figure S1. Linear gradient elution used to select columns able to separate OVTXs. The
duration of isocratic elution time at the beginning of gradient was represented by “x”.



Table S3. Fragment attribution obtained from CID spectra of tricharged ions of OVTX-a, -b, -c, -d and —e. Elemental formulae of mono-isotopic

ions (M/z) are reported in charge state (1+, 2+, 3+), and errors in ppm.

Precursor OVTX-a OVTX-b OVTX-c OVTX-d OVTX-e
Cleavage
ion CE(V) Formulae m/z |A ppm| Formulae m/z A ppm| Formulae mi/z  |A ppm Formulae ‘ m/z |A ppm Formulae m/z A ppm
364.2005| 1.88 364.2007 | 1.33 364.1939| 18.12 364.2029 | -4.71
#4 + #12 C36H54012Ca C36H54012Ca C35H54012Ca C%Hmouca
60 364.7001| 7.57 364.7039 | -2.85 364.7033| -8.77 364.7001 | 7.57
447.2776| 2.53 447.278 | -0.89 447.2795 | -4.25
#10 + #12 CxsHis04Ca CxsHiO4Ca CxH40.Ca
448.2784| 8.21 448.2775| 2.01 448.2796 | -2.68
[M+H+Ca- C1aHaN305,C | 892.4721 | 14.34 | C,5H,N;05,C[898.1478| 3.55
3H,01” a 892.8173 | 2.30 a 898.4726 14.29
C131H224N3OSZC
883.8086| 5.02 898.4957 | -8.10 904.1638| -10.27 889.1535 | -9.95 889.1259 | 21.10
a
[M+H#Ca- | CioHoNsOs,C [884-1518[ 4.90 [ 41 N.0.,c | 898.8198 | 3.42 889.4703 | 9.90 | C,,H,,N,O,,Ca | 889.4797 [ -0.67
Hz20N305:C
2H,01" a 884.4843| -2.68 a 899.1495 | 8.70 CrasHoNsOs1Ca 1551388 [10.35 890.141 7.88
» 884.8166| -0.26 899.4922 | -1.38 890.4916 |-10.26 890.4916 | -10.26
[M+H+Ca]
885.1425| 9.41
889.8164| 0.16 904.4908 | 1.26 909.8145| 9.98 895.1421 | 6.79 895.1408 | 8.24
20
[M+H+Ca- | CiyoHopNsO5,C [890.1518| -0.91 | C,pHypsNsOs,C | 904.824 | 2.65 | CypyHysN;055C|910.1471] 12.01 895.4751 | 8.41 895.4698 | 14.33
3+ Ci2oH222N305,Ca Ci29H222N305,Ca
1H,0] a 890.4877| -3.46 a 905.1543 | 7.23 a 910.4869| 6.13 895.8032 | 15.49 895.8127 | 4.89
890.8008| -2.53 905.4881 | 7.04 910.8366 | -11.51 896.1442 | 8.18 896.1529 | -1.53
895.82 | 0.07 910.4952 | 0.29 915.8269| 0.22 901.148 | 4.11 901.1518 | -0.11
896.1556 | -1.21 910.8293 | 0.68 916.1572| 4.75 901.4877 | -1.72 901.4877 | -1.72
.| CiaoH224N305,C C1a1H225N3055C Ca1H22N3054C
[M+H+Ca]’ T 06480 | -0.04 | U To11.1643 | 0.07 | " [916.4957| 0.33 | CisHoiNsOssCa | 901.8216 | 1.1 | CrasHsNsOssCa | 901.819 1.77
a a a
896.8206| 3.14 911.4991 | -0.31 916.8317| -2.25 902.1565 | -1.60 902.1563 | -1.38
911.8281 | 5.67 917.1638| 0.32 902.4856 | 4.33 902.4802 | 10.31




Table S4. Fragment attribution obtained from CID spectra of dicharged ions of OVTX-a, -b, -c, -d and -e. Elemental formulae of mono-isotopic

ions (M/z) are reported in charge state (1+, 2+, 3+), and errors in ppm.

OVTX-a OVTX-b OVTX-c OVTX-d OVTX-e
Precursor ion|CE (V)| Cleavage
Formulae m/z A ppm| Formulae m/z A ppm| Formulae m/z A ppm Formulae m/z A ppm| Formulae m/z A ppm
#1 —A side C3H1004N;4 76.0757 7.10 CsH140,N4 120.1016 | 7.08 CsH1402N4 120.1012 | 10.4078 C3H10O4N4 76.0755 9.73
327.1907 | 3.97 CoeHaN.O 371.217 3.26 371.2166 4.34 327.1894 | 7.95 343.1857 | 3.53
C16H2705N2 1T C18H31N206 C16H2705N2 C16H27N206
328.1925 | 8.68 372.2194 | 5.83 372.2193 6.10 328.1928 | 7.77 344.1855 | 13.86
#4
343.1857 | 3.53
c:16H27N2()6
30 344.1855 | 13.86
#17- B side - 1372.7495 | 9.77 1372.7526 | 7.51 1372.7608 1.54 1372.7576 | 3.87 1372.7482 | 10.72
H o CGQH114OZGN C89H114OZGN CGQH114028N C69H114026N C69H114026N
2 1373.7633 | 2.15 1373.7538 | 9.07 1373.7791| -9.35
1390.7669 | 4.72 1390.7677 | 4.15 1390.7596 | 9.97
#17 - side B | CgoHy460,7N CeoH116027N CeoH116027N CeoH116027N
1391.7729 | 2.82 1391.7543 | 16.19 1391.7574 | 13.96
[M+2H-H,0]" 1270.2202 | 0.64 1278.7166 | 2.78
[M+2H-6H,0T"" | C12H215N3046| 1270.7066 | 12.66 CioH213N3047 | 1279.22 1.43
1271.2211| 2.57
1279.2244 | 1.48 1309.2365| 0.27 1287.1936 | 23.43 1287.715 | 8.18
[M+2H-5H,0T"" | C126H215N3047 | 1279.7205 | 5.84 Ci31H219N3049| 1309.7268 | 8.96 CigH215N3045 | 1287.6862 | 30.47 | CixgH1sN3O48| 1288.218 | 7.30
10
1280.2182| 8.94 1310.2401 0.09 1288.228 | -0.69
1288.2297 | 1.46 1310.2368 | 6.02 1318.2392 | 2.23 1296.2282 | 0.64 1296.222 | 5.35
i 1288.729 | 3.30 1310.7392 | 5.47 CoatHor N-O5 1318.7407 | 2.37 1296.7288 | 1.48 1296.723 | 5.87
[M+2H'4H20] C129H217N3O48 C131H221 N3O49 b 28 ® C129H217N3049 C129HZ17N3049
1289.2269 | 6.23 1311.2426 | 4.15 1319.2437 1.36 1297.2164 | 12.33 1297.226 | 5.08
1289.7331| 2.72 1319.7422 | 3.77




1297.2328 | 3.13 1319.2474 | 1.95 1327.244 2.58 1305.2306 | 2.85 1305.229 | 4.46

1297.7338 | 3.65 1319.7499 | 1.32 1327.7421 5.27 1305.7319 | 3.14 1305.726 | 7.88
[M+2H-3H,0T"" | C120H1gN3O46 | 1298.2366 | 2.78 |CizHzsN3Oso| 1320.2467 | 5.01 |CiaHasNsOs:| 1328.2473 | 2.62 CiagH219N30s0 | 1306.2253 | 9.47 [ CigH219N3050| 1306.231 | 5.03

1298.737 | 2.82 1320.7472 ( 5.91 1328.7492 | 2.45 1306.737 | 1.80 1306.733 | 4.94

1321.245 | 8.84

1306.2394 | 2.10 1328.2507 | 3.43 1336.2504 | 1.72 1314.2355 | 3.12 1314.233 | 5.10

1306.7411 | 2.08 1328.7538 | 2.35 1336.7497 | 3.50 1314.7355 | 4.39 1314.735 | 4.54
[M+2H-2H,0T"" | C12H21N3O0s0 | 1307.2404 | 3.90 [CisHzsN3Os1| 1329.2544 | 3.16 | CigHasNsOs, | 1337.2514 |  3.48 CiagH21N3Os¢ | 1315.2371 | 4.45 [ CigHp1N3Os4| 1315.233 | 7.65

1307.738 | 7.02 1329.7604 | -1.02 1337.7481 7.21 1315.7297 | 11.35 1315.73 | 11.27

1308.2346 | 10.89

1315.2422 | 3.97 1337.2523 | 6.15 1345.2443 | 10.18 1323.2448 | 0.06 1323.243 | 1.57

1315.7459 | 2.43 1337.7552 | 5.24 1345.7482 | 8.52 1323.7398 | 5.11 1323.74 | 5.03
[M+2H-1H,0T"" | C120H225N50s Ci31H27N;3 05, Cia1H27N3 053 Ci29H223N3 05, Ci29H225N305,

1316.2497 | 0.82 1338.2589 | 3.72 1346.2481 9.84 1324.237 | 8.48 1324.242 | 4.41

1316.751 | 0.17 1338.7676 | -1.52 1346.749 | 10.41 1325.241 | 7.99




Table SS. Fragment attribution obtained from CID spectra of tricharged ions of OVTX-a and OVTX-h. The isotopic profile for all the molecular
tricharged ions (with adducts and water losses) are reported with the errors (ppm) calculated by comparing with the two different hypothesis for
OVTX-h.

OVTX-a : C129H223N305, OVTX-h : C129H225N3054 OVTX-h : C128H221N3052
Precursor : [M+H+Ca]** at m/z 896.1555 Precursor : [M+H+Ca]** at m/z 891.4935 Precursor : [M+H+Ca]** at m/z 891.4935
Isotopic profile m/z A ppm m/z A ppm m/z A ppm
895.8196 -0.52 891.1586 -1.92 891.1586 11.52
896.1543 -0.24 891.4937 -1.19 891.4937 12.38
[M+H+Ca] 3 896.4883 -0.74 891.8285 -0.80 891.8285 12.90
896.8234 -0.02 892.1631 -0.63 892.1631 12.82
897.1552 -2.98 892.4962 -2.15 892.4962 11.43
889.8168 0.29 885.1542 -2.92 885.1542 10.77
890.1502 -0.89 885.4921 0.97 885.4921 14.79
[M+H+Ca - H,0] 3 890.4831 -2.64 885.8250 -0.78 885.8250 12.79
890.8179 -2.24 886.1583 -2.08 886.1583 11.62
891.1506 -4.21 886.4870 -8.57 886.4870 5.26
883.8103 -3.08 879.1517 -1.78 879.1517 12.02
884.1463 -1.33 879.4890 1.46 879.4890 15.25
[M+H+Ca - 2 H,0] 3 884.4816 -0.37 879.8246 2.76 879.8246 16.55
884.8144 -2.23 880.1529 -4.23 880.1529 9.55
885.1441 -7.60
877.8092 -0.34 873.1446 -5.89 873.1446 8.00
[M+H+Ca - 3 H,0] 3+ 878.1406 -3.81 873.4846 0.46 873.4846 14.35
878.4767 -1.94 873.8150 -4.17 873.8150 9.70
878.8094 -3.93 874.1508 -2.63 874.1508 11.25
871.8011 -5.59
3+ 872.1384 -2.33
[M+H+Ca -4 H.0] 872.4706 491
872.8076 -1.99




Table S6. Fragment attribution obtained from CID spectra of dicharged ions of OVTX-a and OVTX-h. The isotopic profile for all the molecular
dicharged ions (with adducts and water losses) are reported with the errors (ppm) calculated by comparing with the two differ ent hypothesis for
OVTX-h.

OVTX-a : CipHz3N; 05, OVTX-h : CyHzsN305 OVTX-h : CiHyN;O5;
Precursor : [M+2H]*" at m/z 1324.7543 Precursor : [M+2H]*" at m/z 1317.7627 Precursor : [M+2H]*" at m/z 1317.7627
Isotopic profile m/z A ppm m/z A ppm m/z A ppm
1324.2299° 17.22 1317.2569 -4.71 1317.2569 9.11
[M+2H] * 1324.7267° -20.91 1317.7602 -3.45 1317.7602 10.36
1325.2394° -12.56 1318.2599 -4.97 1318.2599 8.84
1315.2406 -5.21 1308.2519 -4.51 1308.2519 9.40
[M+2H - H,0] * 1315.7391 -7.60 1308.758 -1.15 1308.758 12.76
1316.2432 5.77 1309.2508 -7.91 1309.2508 6.00
1306.2312 -8.38 1299.2474 -3.93 1299.2474 10.08
" 1306.7402 2.79 1299.7493 3.77 1299.7493 10.23
[Vi+2H -2 R,0] 1307.2467 0.92 1300.2508 -3.88 1300.2508 10.08
1307.7467 -0.38 1300.7457 9.1
1297.2351 -1.35 1290.2434 2.98 1290.2434 11.12
" 1297.7313 -5.59 1290.7453 2.79 1290.7453 11.31
[(M+2H -3 H.0l 1298.2364 2.93 1291.2484 -1.70 1291.2484 12.39
1298.717 -19.17 1291.7461 4.76 1291.7461 9.33
1288.2223 7.22 1281.2314 -8.23 1281.2314 5.96
" 1288.7251 6.32 1281.7373 4.95 1281.7373 9.26
[(Vi+2H -4 H.0l 1289.2297 -4.07 1282.24 4.13 1282.24 10.05
1289.7094° -21.09

a = low abundance



Figure S2. Chromatogram of a fraction containing ovatoxins after a clean-up of Ostreopsis cf. ovata extract using Sephadex LH-20 and

mass spectra “full scan” of compound of interest obtained using Agilent 1160 LC-MS
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Column Uptisphere Cis-TF (250x4.6 mm, 5 pm). Separation was carried out with linear gradient elution with water (eluent A) and 95 %
acetonitrile/water (eluent B), both containing 0.2 % of acetic acid, and changing percentage of B from 20 % to 50 % over 40 min. Flow rate:

I mL/min. Injected volumes 20 pL. Detection used Full Scan MS (m/z [300-1450]).



Figure S2.a: Full scan MS spectrum of unknown compound P1 (at 12.3 min), acquired on Agilent single quadrupole 1160
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Figure S2.b: Full scan MS spectrum of unknown compound P2 (at 13.3 min), acquired on Agilent single quadrupole 1160
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Figure

100

S2.c: Full scan MS spectrum of unknown compound P3 (at 15.2 min), acquired on Agilent single quadrupole 1160
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Figure S2.d: Full scan MS spectrum of unknown compound P4 (at 15.9 min), acquired on Agilent single quadrupole 1160
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Figure

S2.e: Full scan MS spectrum of unknown compound PS5 (at 16.9 min), acquired on Agilent single quadrupole 1160
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Figure S2.f: Full scan MS spectrum of unknown compound P6 (at 17.4 min), acquired on Agilent single quadrupole 1160
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Figure S2.g: Full scan MS spectrum of OVTX-c (at 26.7 min), acquired on Agilent single quadrupole 1160
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Figure S2.h: Full scan MS spectrum of OVTX-d (at 27.3 min), acquired on Agilent single quadrupole 1160
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Figure S2.i: Full scan MS spectrum of OVTX-e (at 27.9 min), acquired on Agilent single quadrupole 1160
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Figure S2.j: Full scan MS spectrum of OVTX-b (at 28.2 min), acquired on Agilent single quadrupole 1160
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Figure S2.k: Full scan MS spectrum of OVTX-a (at 28.8 min), acquired on Agilent single quadrupole 1160
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Figure S2.1: Full scan MS spectrum of OVTX-a’ (at 29.5 min), acquired on Agilent single quadrupole 1160
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Figure S2.m: Full scan MS spectrum of OVTX-h (at 30.1 min), acquired on Agilent single quadrupole 1160
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Table S7. Characterization of the different columns tested by the simplified Engelhardt
test. Retention factors (k), selectivity (o) and tailing factors (=asymmetry ratios) are

given.
Stationary Column Pore
Particle
phase and dimension size  Aspwa/ Ase ks ke Koma oy CLDMAT
size (um)
manufacturer (mmxmm) A
Reversed Phase columns
Gemini (C1s)
Phenomenex 150 x 2 3 110 0.97 4.54 7.82 3.13 1.72 0.69
Kinetex (C1s) 455,51 26 100 118 393 695 273 177 070
Phenomenex
Kinetex (C1s) 154, 4 g 5 100 1.08 3.73 6.53 2.62 1.75 0.70
Phenomenex
Uptisphere
C.s-TF 150 x 2.1 5 300 1.50 2.04 3.42 212 1.67 1.04
Interchim
Mixed Mode columns
Acclaim
Polar 100%x21 22 120 1.04 374 6.11 288 1.64 077
Advantage Il ) ) ) ’ ' ’ ’ ’
Dionex
Synergi
fusion RP 150 x 4.6 4 80 1.08 4.25 7.33 3.20 1.72 0.75
Phenomenex
Polaris Cqg
Amide Varian 150 x 4.6 5 200 1.06 1.32 2.00 1.15 1.52 0.88
Other grafting columns
KinetexPFP  1sox21 26 100 219 236 352 9.84 149 448
Phenomenex
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