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Table S1. Precision of HR-MS instrument.
Toxins Parameters 1 2 3 4 5 6 Precision RSD (%)
Peak area 34388 34658 36271 35095 35576 33685 2.61
OA Retention time (min)  10.142  10.128  10.102 10.097 10.153 10.137 0.22
Mass error (ppm) 2.11 1.97 2.05 2.12 2.08 2.15 -
Peak area 67558 69649 67434 70048 67978 66449 2.03
DTX1 Retention time (min) 19.774 19.828  19.683 19.779 19.711 19.838 0.31
Mass error (ppm) 2.48 2.32 2.44 2.53 2.38 2.52 -
Table S2. Precision of Trap/MS instrument.
. Precision
Toxins Parameters 1 2 3 4 5 6 RSD (%)
Peak area 7693095 7507408 7411245 7190027 6798314 7321534 4.20
OA Retention 116 11.2 11.4 11.4 115 11.4 1.16
time (min)
Peak area 14160877 12957158 13978266 13343835 13316142 13451260 3.33
DIX1 Retention 19.1 19 193 193 19.4 19.2 0.77
time (min)
Table S3. Results of linearity and sensitivity for OA and DTXI.
Toxins Detection Linear range Calibration curve Correlation LOD LOQ
ion (m/z) (pg/mL) coefficients (R?) (pg/mL) (pg/mL)
OA 827.5 0.5625-112.5 y =101685x — 164969 0.9994 0.225 0.5625
DTX1 841.5 0.9375-187.5 y=131777x — 108802 0.9997 0.4725 0.9375
Table S4. Formula and its theoretical precise molecular mass of 93 DSP compounds.
DSP Compounds Formula [M+H]* [M+NH:+ [M+Nal* [M+K]* [M-H]- Reference
Norokadanone Ca3HesO11 759.4678 776.4943  781.4487  797.4237  757.4533 [11,12]
19-epi-OA C14HesO13 805.4733 822.4998  827.4552  843.4292  803.4587 [1]
OA CuaHesO13 805.4733 8224998  827.4552  843.4292  803.4587  [1],[3],[4]
DTX2 CusHssO13 805.4733 822.4998  827.4552  843.4292  803.4587 [11,14]
DTX2b C14HesO13 805.4733 822.4998  827.4552  843.4292  803.4587 [1]
DTX2c C14HesO13 805.4733 822.4998  827.4552  843.4292  803.4587 [1]
OA methyl ester Cs5H70013 819.4889 836.5155  841.4709  857.4448  817.4744 [11,12]
DTX1 CssH70013 819.4889 836.5155  841.4709  857.4448 817.4744  [1],[3],[4]
355 DTX1 CssH70013 819.4889 836.5155  841.4709 857.4448 817.4744 [1]
Limaol Ca7H74012 831.5253 848.5519  853.5072  869.4812  829.5107 [5]

DTX1 methyl ester CasH72013 833.5046 850.5311  855.4865 871.4605  831.4900 [1]
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18:1 DTX2 Ce2H100014 1069.7187 1086.7452 1091.7006 1107.6746 1067.7041 [1]
18:0 OA Ce2H102014 1071.7343 1088.7608 1093.7162 1109.6902 1069.7197 [3]
18:0 DTX2 Ce2H102014 1071.7343 1088.7608 1093.7162 1109.6902 1069.7197 [1]
18:4 DTX1 CessHo6O14 1077.6874 1094.7139 1099.6693 1115.6433 1075.6728 [1]
18:2 DTX1 Ce3H100014 1081.7187 1098.7452 1103.7006 1119.6746 1079.7041 [1]
18:0 DTX1 CesH104014 1085.7500 1102.7765 1107.7319 1123.7059 1083.7354 [1]
20:5 OA CeaHo60O14 1089.6874 1106.7139 1111.6693 1127.6433 1087.6728 [1]
20:5 DTX2 CesHo6O14 1089.6874 1106.7139 1111.6693 1127.6433 1087.6728 [1]
20:1 OA CeaH104014 1097.7500 1114.7765 1119.7319 1135.7059 1095.7354 [1]
20:1 DTX2 CeaH104014 1097.7500 1114.7765 1119.7319 1135.7059 1095.7354 [1]
20:5 DTX1 CesHosO14 1103.7030 1120.7295 1125.6849 1141.6589 1101.6884 [1]
22:6 OA CesHosO14 1115.7030 1132.7295 1137.6849 1153.6589 1113.6884 [1]
22:6 DTX2 CesHosO14 1115.7030 1132.7295 1137.6849 1153.6589 1113.6884 [1]
22:0 OA CesH110014 1127.7969 1144.8234 1149.7788 1165.7528 1125.7823 [1]
22:0 DTX2 Ce6H110014 1127.7969 1144.8234 1149.7788 1165.7528 1125.7823 [1]
22:6 DTX1 Ce7H100014 1129.7187 1146.7452 1151.7006 1167.6746 1127.7041 [1]
Table S5. Detection of DSP compounds at different culture times of P. lima.

Culture time (days) 8 16 22 25

Intracellular + + + +

Compound 1 Extracellular + + + +

Intracellular + — — +

Compound 2 Extracellular + — — +

OA(pg/cell) Intracellular + + + +

P& Extracellular + + + +

358 DTX1 Intracellular + + + +

Extracellular + + + +

Intracellular + + + +

DTX1(pg/cell) Extracellular + + + +

Intracellular + + + +

A-D 11

OA-D7b(pg/cell) Extracellular + — + —

Intracellular + + + +

OA-DIb(pg/cell) Extracellular + — + —

Intracellular + + + +

OA-D10a/b(pg/cell) Extracellular + — — —

5,7-dihydroxy-2,4- Intracellular + + + —

dimethylene-heptyl Extracellular N N . .

okadaate

(+: detected; —:

1. Evaluation of Matrix Effect

not detected)

P. minimum (GY-H38) cultured in laboratory also belongs to Prorocentrum spp. and we have
proved that the algae do not produce DSP toxins, so it was selected as the blank control. The culture
medium of blank algae treated by SPE was used to prepared mixed standard solution of OA and
DTXI1. As a reference, a mixed standard solution of the same concentration level was formulated with
methanol. The peak areas of OA and DTX1 were measured by MS/MS analysis. The matrix effect (ME)
was calculated according to the following formula: ME(% ) = (Ax — As) / As x 100. In the formula, Ax
and As is the peak area of the toxin in the mixed standard prepared with the blank algae culture and
methanol, respectively. ME below 0% indicated signal suppression, while above 0% revealed signal

enhancement.
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2. Validation of the Method

2.1. LC-HR-MS

In terms of HRMS identification analysis, parameters including precision, mass deviation and
detection limit were evaluated. The mass deviation and precision of the instrument were determined
by peak areas, retention times and the measured m/z value obtained by repeating 6 measurements of
mixed standard solution of OA and DTX1. The precision was determined by calculating the relative
standard deviation of these measurements. LODs were determined by measurements with successive
dilution of matrix-spiked standard solution in blank culture medium until a signal-to-noise (S/N)
ratio of 3.

2.2. LC-MS/MS

For the quantitative analysis of multi-stage mass spectrometry, the parameters such as precision,
linearity and sensitivity were evaluated. The measurement of mixed standard solution of OA and
DTX1 was repeated 6 times to obtain the peak area and retention time data in the EICs, thereby
determining the precision of the instrument measurement. The target toxin in the algae culture
medium was quantified by the matrix-matched external standard method. The matrix standard curve
was plotted with the peak area as the ordinate and the mass concentration as the abscissa. The
sensitivity of the method is determined by the LODs and LOQs, which corresponded to the lowest
fortification level analyzed from the matrices. The LODs and LOQs were determined by
measurements with successive dilution of matrix-spiked standard solution in blank culture medium
until a S/N ratios of 3 and 10, respectively.
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