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Global Distribution of Paralytic Shellfish Poisoning Events
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Toxins

Diatoms Amnesic Shellfish Poisoning
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2. Toxins

Toxins

Dinoflagellates 47 Paralytic Shellfish Poisoning

HZN\]/O

O

Diarrhetic Shellfish Poisoning

H
N
HN @
>:NH2
o L
H,N

N NaOH . .
\j‘ﬁw Saxitoxin
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Neurotoxic Shellfish Poisoning

Azaspiracid-1
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3. Mass spectrometry I

Functional Principle

Mass spectrometry is the determination of mass to charge (m/z) ratio of any compound

Process Instrumentation
1. lonization lon source
2. Acceleration Interface
3. Mass separation Mass analyzer
4. lon detection Electron multiplier
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lonization

Electrospray ion source

ATMOSPHERIC PRESSURE o Gas VACUUM

1. Formation of 3. Coulomb-

charged droplets explusmn
| Mass Analyzer

High Voltage
— % CE:%
Nebulizer Gas 2.Ev apﬂranun
Onﬁce

Curlain Gas
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Mass Analyzers

2 categories: scanning and non-scanning analyzers

v

Sector field time-of-flight (TOF)

Quadrupole

Fourier-transform ion cyclotron
resonance (FT-ICR)

Exact mass measurement

Structural information

cost
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Quadrupoles

Quadrupole

I 1]
m/z=100 W_. DETECTOR
| ~ [oeecron]

o ﬁ —1|
m/z=10
| ——|

=
m/z=1000

| ] |

The magnetic frequencies of the quadrupole rods are modulated that way, that only
a certain m/z value hits the detector at a time

Advantage:  robustness
reproducible mass spectra

linear response over several orders of magnitude
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3. Mass spectrometry

Triple Quad Scan Modes

Product ion scan

01 Q2 Q3

mass filter collision cell scan
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3. Mass spectrometry
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Triple Quad Scan Modes

11.55 min

Sample A:
Product ion scan chromatogram of m/z 650
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Triple Quad Scan Modes

Multiple Reaction Monitoring (MRM)

Q1 Q2 Q3

mass filter collision cell mass filter
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3. Mass spectrometry

AV

Triple Quad Scan Modes

11.53 min

MRM *“spectrum” of
peak @ 11.53 min

Sample A:

MRM chromatogram of
the transition m/z 650 > 164

650,5/164,1
Q1/Q 3 Masses,

amu
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4. Algal toxin MS/MS methods

Example: Spirolides

Spirolide Rl R2 R3 AT MW

A H CH; CH; Y 6915

B H CHs CH: - 6933

Alexandrium ostenfeldii c CH; CH; CH; Voo 7055

13-deshe-C CH; H CH: 3y 6915

. . - 13,19 dideshde-C CH; H H N 6775
Polarity: positive

D CH; CH; CH; - 7073

o 13-deshle-D CH; H CH: - 6933

G CH; H H Y 6915

20-Me-G CH; H CH; Al 705,53

HO

13-desmethyl spirolide C

Bernd Krock 2007



4. Algal toxin MS/MS methods

AWV

Example: Spirolides

ROR= Sb ) A o
e [0 TN retro Disls-Alder ”“"H.’ i v _D}'ﬂ.. : f\l
Ty g ) M il’l‘( i S
’ :r ___.'-'-"." ) [ o -Z"l:lq-:r_-I - "'Ir' - {, r:'_'i
o] b Y +HO St o
-l I 2 E : hk A
CoHgeNO, -H 3
MH* 692.5 ) C,;H,NO,
) H n/ mizA444
. L
;ﬁ SN
o L) '
9 oufx__-n:-_ﬁ" - "::,:"“Hf
CIS-HEEN -, B
miz 220 ]
e M : : CigHaeN
|8 ( D E miz 206
4
10 h_fl"-
CasHisNO AWy . _< S
miz 342 —}\ > ' (_(

Fragmentation pattern of
13-desmethyl spirolide C

SRS VPSP
5 0 T
l':'L12|-|1Ei|""‘rl C'Ld-HEEN l:“"'“IlilhIE-flPh'l
miz 177 miz204 miz 230

Sleno et al. (2004) Anal Bioanal Chem 378 : 969-976
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4. Algal toxin MS/MS methods
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<0000
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wIC of +MRM (21 pairs)

Example: Spirolides

: 540,5/164,1

=391

Chromatography
Luna C18 150x3 mm, 3 pm, 100 A

o0

| L
B 1C of +MRM (21 pairs): £50,5/164,1  (SPirolide C A: 2mM NH,HCOO, 50 mM HCOOH
—| RS ot e e m B: 2mM NH,HCOO, 50 mM HCOOH in 95% ACN
O] ®IC of +MRM {21 pairs): 692,5/164,1 || Linear Gradient: 22%B - 65%B (0-50 min)
B XIC of +MRM (21 pairs): 694,5/164,1 A Flow rate: 200 ul/min
B <1 of +MRM (21 pairs)h: 708,5/164,1 i ' H
B :IC of HMRM (21 pairs): 708,5/164,1 Temperature: 35°C
[0 I of +MRM (21 pairs): 720,5/164,1
[ IC of +MRM (21 pairs): £92,5/150,1 »
(] ®IC of +MRM (21 pairs): 634,5/150,1 20-Me AP1 4000 QTrap, positive, MRM
O IC of +MRM (21 pairs): 604,5/356, spirolide G CUR: 20
B :IC of HMRM (21 pairs): 624,5/376,7 CAD: High
B :IC of HMRM (21 pairs): 678,5/164,1 IS: 5500
B I of +MRM (21 pairsh: 678,5/150,1 TEM: 650
B 210 of +MRM (21 pairs): 534,5/150,1 GS1- 40
B <IC of +MRM (21 pairs): 536,5/150,1 j
B <IC of +MRM (21 pairs): 540,5/164,1 GS2: 70
B IC of +MRM (21 pairs): 552,5/150,1 ihe: ON
O 2IC of +MRM (21 pairs): 628,5/150,1 DP: 121
[0 I of +MRM (21 pairs): 698,5/164,1 EP: 10
CE: 57
CXP: 22 "
o) ? ? ?
: 5 :

Bernd Krock 2007
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4. Algal toxin MS/MS methods

Example: Yessotoxins

HO,,
Me
H i
; . o :
Protoceratium reticulatum Hy
H
H/I/I/.,A )
(0] Me
Him,,\ A HIoH “\ j ‘
. . H ) . ..
Polarity: negative ] L Gonyaulax spinifera
I,
1P -
_ ve uoow ow g % - Me Gonyaulax
%0 NN NS | spinifera
d Me Lingulodinium
0480 ° g Me polyedrum
H H H H H )
Protoceratium
yessotoxin reticulatum
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4. Algal toxin MS/MS methods

YTX analogs detect,

Example: Yessotoxins

el by LO-MS® analvsis of a fracionated exiract of Protoce ratium reticulatum

Entry Mex R | [M—H] MS$ MS* (see Fig. 5) [M— 2H]* Relative MS® MS3 Structure’
intensity®
i 956 3 955 &7 831, 795 4773 ++ = =
2 g4 33 983 G013, B0, = = = = =
653, 599
3 a9gs 22 98s €5, 815, 797, 772, 645, 627, 583 439.0 + = =
m
4 992 53 @i 911 R66, TH9, 757, = = = = 17
729, GRR, 575
5 992 61| w1 911 868, 657 = = = = 18
[ 992 71| @ 911 827 - - - - 19
7 1008 34 1007 927 919, 912, 855, 759 = = = =
& 010 33 1009 929 922, = = = = =
RS0, 799
9 12?27 1001 931 887, B51, BOT, 694 505.2 n = =
] 1020° 44 1019 939, 79 939 = = = =
1 022" 41 1021 aR0, 941, 92k - = = =
12 1026% 28 1025 945, 875, 927, 758 5120 + = =
47, TRA
13 1026 31| 102s 945 927, 864 - - - -
14 1038 33 1087 957 939, 877 5183 ++ = =
15 1038 400 1037 957 929 = = = =
16 1040 54 1039 959, 929, 927 519.5 + = =
B47, S98
17 1042 28 1041 91 46, 943, 917, 915, BRI 5304 + = =
1% 1048 54 1047 967 924, 907, ROS, B85, 713, 671 - = = = [
19 1048 591 1047 967 924, BOS, BES, TI3, 671, 659 - = = = 7
0 1048 68 1047 967 883 = = = = E
21 1062 3 1061 981 951 - - - -
g 062" 63 1061 981, 924, = = = = =
£S5, 713
gkl 1082 30 1081 1001 970, 927, 885, BSS, TW, 713 - = = =
24 1082 34 1081 1001 983, 957, 927, B6O, B5S, 713 — = = =
25 1086  RH 1085 1005, 868 921, 6B, RS1, B22, 799, = = = = 16
773, 657
g 080 7.8 1089 1009 981, 967, 925, RSS, TW, 671 - = = =
27 1migt 57 17 1037 924, 895, BSS, 713 = = = =
g 1120 44 1119 1039 959, 895, 855, 799, 713, 687 550.4 oy - -
g 1200 53 1119 1039 1021, 941, 924, 895, 855, 713 5504 + =
0 1134 58 1133 1053 957, 925, RES, 713 = Miles etal.

The most abundant
fragment of all
YTXs is the loss of
SO, from the
sulfate groups

@2005) Harmful Algae 4 : 1075-1091
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2,8€5+
2,6€5+
2,4e5+
2,2€5-
2,05+
1,85
1,6e5-
1,4e5-
1,25
1,0e5
8,0e4+
6,0e4+
4,0e4+

2,064;

00- .

Example: Yessotoxins

7,87

LC-MS/MS MRM Chromatogram of a 1047.6 > 967.6

Protoceratium reticulatum isolate from

the Benguela Current, South Africa 1141.6 > 1061.6
1143.6 > 1063.6

/\/ fay
oo ' ' ' - Ay T e RISy R
50 55 6,0 6,5 70 75
Time. min

g5 90 95 ' 10
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Example: PSP Alexandrium
andersonii
catenella
fundyense
minutum
peruvianum
tamarense
tamiyavanichii

Pyrodinium
bahamense
Gymnodinium
catenatum
Anabaena
circinalis
lemmermannii
Aphanizomenon
[ k. flos-aquae
Cylindrospermopsis
? raciborskii
% Lyngbya
wollei
Microcystis
MlcrocyStIS aerugmosa aeruginosa

Pyrodlnlum bahamense

Bernd Krock 2007



4. Algal toxin MS/MS methods M I

Example: PSP

Toxin R1 R2 R3 R4 MW lons formed
STX H H H CO-NH, 301 [M-H*]* = 300
NEO OH H H (Carbamoyl-) 317 [M-H*]* = 316
GTX1 OH H 050, 412 M* = 412
GTX2 H 050, 396 M* = 396
GTX3 H 050, H 396 M* = 396
GTX4 OH 050, H 412 M* = 412
B1= GTX5 H H H CO-NH-SO; 380 M* = 380
B2= GTX6 OH (N-Sulfocarbamoyl-) 396 M* = 396

c3 OH H 050, 492 [M-SO,]* = 412
c1 H H 050, 476 [M-SO,7* = 396
c2 H 050, H 476 [M-SO,]* = 396
c4 OH 050, H 492 [M-SO,]* = 412
dc-STX H H H H 258 [M-H*]* = 257
dc-NEO OH (Decarbamoyl-) 274 [M-H*]* = 273
dc-GTX1 OH H 050, 369 M* = 369
dc-GTX2 H H 0s0; 353 M* = 353
dc-GTX3 H 050, H 353 M* = 353
dc-GTX4 OH 050, H 369 M* = 369

Bernd Krock 2007



4. Algal toxin MS/MS methods

Amide-80, flow 0.2 mL/min

62% CH3CN GTX2
2 mM HCOONH4
pH 3.5 (HCOOH)
GTX3

C1 ‘

deGTX2

Example: PSP

B1 HILIC-LC-MS/MS MRM Chromatogram of

Paralytic Shellfish Toxins

1 257>239
//éggiaoo

380>282

C2 T T 1 rr I r+rr 15 & & T T 1 1 r r r.71
deGTX3
GTX1 e 'I'l'.' ST ey .\\_'.'_T“.'_.'._ == 353>273
//// I | 82 NEO 273>255
A A|1 ]\L 11-OH-STX
C L .mkH\_ A A 2 O /3965316
ﬂ 306>208
ﬁhhmuﬂj 316>220

C4

. s
Calb\liBTXﬁl
SR

R -;/;/}/1369>289
4125332

Time (min)

O-HZ ~314

plied )
ABBIOS}"S(?temS @ SCIEX

Bernd Krock 2007
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Definition:

Prerequisites:

Problems:

Limitations:

Summary:

Multi Method

Multi methods aim to analyze toxins of as many
as possible different classes

extractability under same conditions
elution with same solvent system

each compound class requires individual MS parameters:
(curtain gas, ion source temperature, ionization voltage,
auxiliary gas flows, ion polarity, quadrupol voltages,
fragmentation energy)

limited amount single compounds
group elution of every toxin class required

Multimethods are a compromise between a number of
toxins to be analyzed and sensivity

Bernd Krock 2007



4. Algal toxin MS/MS methods

Multi Method
1. ASP
?
2. Gymnodimine
3. Spirolides \
4. Azaspiracids

Protpriii crassipes
Dinophysistoxins *~ =~

Pectenotoxins

. Yessotoxins

Prorocentrum
lima

Dinophysis
acuminata

Bernd Krock 2007
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Multi Method

Period 2: cyclic imino toxins

7,36

7| MS/MS MRM (spirolides, gymnodimine)
**1" multi period chromatogram of
11 afield sample from
1441 Alfacs Bay, Catalonia, Spain
1.3e4+
1.2e4+ 9,61
a Period 3:
1,0e4+ .
] _ Polyether toxins
ool Period 1: (DTX, PTX, YTX, AZP)
omo] Domoic acid (ASP)
6000,0 4
5000,0
4000,0
3000,01
20000 7.07. 1225
o0 2 J S T S S A S e

Time, min
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Multi Method

LC-MS/MS MRM

multi period chromatogram of
a field sample from

Alfacs Bay, Catalonia, Spain

9.61 min

Period 2:
cyclic imino toxins (spirolides, gymnodimine)

iZZSZZ gymnodimine spectrum of peak @ 9.61 min

4000,00=
3500,00é
300000 13-desmethyl spirolide C 13-desmethyl spirolide D
2500,00 =
2ooo,ooé
1500,00—%
1:22227 Spirolide A Spirolide B Spirolide C Spirolide D
0,008

|
508,3/490,1 692,6/164,1 692,6/150,1 694,6/164,1 694,6/150,1 706,6/164,1 708,6/164 .1
01/03 Masses. amu

Bernd Krock 2007
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Multi Method

LC-MS/MS MRM

multi period chromatogram of
a field sample from

Alfacs Bay, Catalonia, Spain

L O P P O A O O A |

11.71 min . .
Period 3: polyether toxins

(DTX, PTX, YTX, AZP)

okadaic acid Spectrum of peak @ 11.71 min

okadaic acid C8 diol ester pectenotoxin-12 pectenotoxin-11

pectenotoxin-2 seco acid

dinophysistoxin-1 pectenotoxin-2 azaspiracid-1

Bernd Krock 2007
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Multi Method

LC-MS/MS MRM

multi period chromatogram of
a field sample from

Alfacs Bay, Catalonia, Spain

12.25 min

Period 3: polyether toxins
(DTX, PTX, YTX, AZP)

L O P P O A O O A |

- Spectrum of peak @ 12.25 min PECtenotoxin-2

400 pectenotoxin-11 yessotoxin
oo dinophysistoxin-1 pectenotoxin-12
200 - . . . . . . . . .
-okadaic acid okadaic acid C8 diol ester pectenotoxin-2 seco acid azaspiracid-1
100—
822 ,6/223,1 836,6/237,1 946,6/223,1 876,6/213 1 874,6/213 1 894,6/213 1 892,6/213 1 842,6/824 6 1160,6/965,6

Bernd Krock 2007



5. Conclusions /\NV V 1 527

1. The mass analyzer of choice for quantitation of algal toxins by
LC-MS is the quadrupole (or better: triple quad)

2. lonization of algal toxins is best achieved by electrospray
lonization (ESI) with acidic and basic modifiers (formic acid and
ammonium formate, respectively) in the mobile phase

3. Most toxin classes can be identified by characteristic group
fragments of the individual components

4. Hydrophilic Interaction (HILIC) stationary phases for the first
time allow to analyze very polar PSTs by LC-MS

5. Multi methods are a good tool for screening a defined amount of
different toxins, but do not give an overall toxin response

Bernd Krock 2007
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Thanks to...

Wolfgang Drebing, AWI

...and for your attention!
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