Identification and Isolation of DSP-Toxins
Using a Combined LC/MS-System for
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Abstract

The configuration and operation of a combined liquid
chromatography/mass spectrometry (LC/MS) system to
identify and isolate DSP-toxins is described. In the analyt-
ical mode, okadaic acid (OA) and dinophysistoxin-1
(DTX-1) are more selectively and sensitively monitored
when compared to LC with fluorescence detection. With
less sample preparation, the detection limits are
decreased by a factor of 3-5, depending on the matrix. In
semipreparative mode, OA and DTX-1 could be isolated
from crude extracts of Prorocentrum lima algae using
mass-based fraction collection with a purity >98%. Due
to this method, reference standards of DSP toxins are now
commercially available.

Introduction

Diarrheic shellfish poisoning (DSP) is a gastroin-
testinal syndrome that occurs in humans after the
consumption of bivalve mollusks such as scallops,

Analytical and Semipreparative Work

mussels, clams and oysters. The symptoms include
abdominal pain, vomiting, nausea, headache, diar-
rhea, chills, and fever. DSP toxins can be classified
in three groups: the okadaic acid (OA) group
involving OA and the dinophysistoxins (DTXs), the
pectenotoxin group (PTXs) and the yessotoxin

group (YTXSs).

Inside the OA group, OA and DTX-1 are the main
toxins responsible for DSP outbreaks. The out-
breaks led to the establishment of control pro-
grams for marine biotoxins in many countries. In
Germany residues of DSP toxins in mussels are
controlled at present under the regulation of the
Fischhygiene-Verordnung of 8th June 2000. This
Order requires the testing of shellfish for the
presence of toxins by means of animal tests
(mouse bioassays) or by chemical analytical proce-
dures [1, 2]. Liquid chromatography with fluores-
cence detection is an established technique, but it
requires the derivatization of the not naturally
fluorescent DSP toxins. Using LC/MS coupled with
electrospray ionization (ESI) more sensitive and
selective results are attainable with less sample
preparation.

The greatest problem regarding the analytical
methods for monitoring DSP toxins is the availabil-
ity of pure reference material. The DSP toxins OA
and DTX-1 can be isolated from crude extracts of
Prorocentrum lima algae (see Figure 1) using
mass-based fraction collection in semipreparative
mode. The present work describes the configura-
tion, setup, and operation of a combined LC/MS
system for analytical and semipreparative work.
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Figure 1.  Prorocentrum lima algae under the microscope.

Experimental

The DSP toxins shown in Figure 2 were analyzed in
this work. The analyses were conducted in two
modes: Analytical and Semipreparative.

0A: R1 =H,R2
DTX-1: R, =H, R,

Figure 2. DSP toxins.

C44H68013 Chemical and physical properties: Polyether structure, Carboxylic acid
Lipophilic, and no chromophore

Cy5H70013

LC/MS Method Details - Analytical

LC Conditions

Instrument:
Column:
Mobile phase:

Gradient:

Stop time:
Post time:
Flow rate:

Injection vol:

MS Conditions
Instrument:

Source:

Drying gas flow rate
Nebulizer:

Drying gas temp:
Veap:

2

Agilent 1100 HPLC (Quaternary pump)
150 x 3.0 mm ZORBAX SB-C18, 5 pm

A Water (0.1% Formic acid)
B Methanol

20% B at 0 min

20% B at 5 min

80% B at 20 min

28 min;

4 min

0.6 mL/min
10 uL

Agilent LC/MSD
Positive/Negative switching ESI
12 L/min

60 psig

350 °C

3000 V (positive and negative)



LC/MS Method Details - Semipreparative
LC Conditions

Instrument 1: Agilent 1100 HPLC (Quaternary pump)
Column: 50 x 9.4 mm ZORBAX SB-C18, 5 pm
Mobile phase: A Water (0.1% Formic acid)

B Methanol
Gradient: 20% B at 0 min

20% B at 5 min
80% B at 20 min

Stop time: 28 min

Post time: 4 min

Flow rate: 7.0 mL/min

Injection vol: 100 pL (250 pL using Multiple Draw Mode)
Instrument 2: Agilent 1100 HPLC (Isocratic pump) for makeup flow
Flow rate: 0.8 mL/min (50% H,0 + 50% MeOH + 0.1% Formic acid)
Active splitter: Split ratio 271:1

MS Conditions

Instrument: Agilent LC/MSD

Source: Negative ESI

Drying gas flow: 12 L/min

Nebulizer: 60 psig

Drying gas temp: 350°C

Veap: 3000 V (positive)

MSD Fraction Collection Setup

FC Mode: Use method target mass; Adducts: (M—H)-

Results and Discussion

Analytical Work

In the analytical mode of the LC/MS system
(Figure 3) the DSP toxins were monitored using
ESI with positive/negative mode switching. The
positive ion mode is four times more sensitive than
the negative ion mode (Figure 4). Mass spectra for
OA and DTX-1 show a sodiated molecular ion
instead of a protonated molecular ion, and charac-
teristic fragment ions [M+H - nH,O]*, where

n = 1-4, formed by a sequential loss of water. In
negative ion mode only the [M-H]" ion is detected.
LC/MS provided a more selective and sensitive
method for monitoring DSP toxins in comparison
to LC with fluorescence detection (Figure 5), by a
factor of 3-5.
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Figure 3. System diagram (analytical work).
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Figure 4. LC/MS analysis of OA.
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Figure 5.

Semipreparative Work

The reference standards could be obtained by
switching the system to semipreparative mode
(Figure 6). The valve is switched to position 2.
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Figure 6. System diagram (semipreparative work).
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The main flow now goes to the semipreparative
column and then through the splitter to fraction
collector (AS). The make-up flow goes through the
splitter where it picks up some of the compound
from the main flow and goes to the MS-detector
(MSD).
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Besides OA and DTX-1, a new OA-toxin with simi-
lar mass spectral properties could be isolated from
crude extracts of Prorocentrum lima algae using

mass-based fraction collection (Figure 7). The

mass-based fraction collection of a methanolic

extract of Prorocentrum lima algae results in

three fractions: OA, DTX-1 and an unknown toxin.
From MS" experiments it can be determined that
the molecular structure of the unknown toxin must

be very similar to those of OA and DTX-1.

Norm. MSD1 TIC, MS File (E:\VIENNA\311003\002-0301.D) API-ES, Neg, SIM, Frag: 160
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Figure 7. Mass-based fraction collection of DSP toxins.
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Because of the low concentration, the target com-
pounds had to be collected from multiple injec-
tions of the same sample, a process usually
referred to as pooling (Figure 8). Reanalysis of the
collected fractions gave results for purity >98%.
This method is robust (Figure 9) and has now
resulted in making reference standards of DSP
toxins commercially available.

Fraction collector module

Pooling lines

Multiple fraction collection scheme

Figure 8. Pooling.
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Figure 9. Robustness of the method - overlay of 10 mass-based fraction collection runs.




Conclusions

Configuration and operation of a combined LC/MS
system to identify and isolate DSP toxins is
described. In the analytical mode, OA and DTX-1
were monitored more selectively and sensitively
than by using LC with fluorescence detection. With
less sample preparation, the detection limits could
be decreased by a factor of 3-5, depending on the
matrix. In the semipreparative mode OA and
DTX-1 could be isolated from crude extracts of
Prorocentrum lima algae using mass-based frac-
tion collection with a purity >98%. Due to this
method reference standards of DSP toxins are
now commercially available.
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