Practical Aspects of the Determination of

Paralytic Shellfish

Poisoning (PSP) Toxins

by Liquid Chromatography-Fluorescence

O

etection
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1. Chemistry of PSTs M I N

Saxitoxin — Chemical Structure

Purine derivative

2 imino functions

Acetal moiety

Carbamoyl group
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1. Chemistry of PSTs

Chemical Structures

Toxin R4

STX CO-NH,
(Carbamoyl-)

NEO

GTX1
GTX2

GTX3

GTX4

B1l= GTX5 CO-NH-SO;
(N-Sulfocarbamoyl-)

B2= GTX6
C3
C1
C2

H,N N

C4

dc-STX Y
dc-NEO (Decarbamoyl-)

dc-GTX1

STX = Saxitoxin dc-GTX2
NEO = Neosaxitoxin dc-GTX3
GTX = Gonyautoxin de-GTX4
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1. Chemistry of PSTs W I ey

11-Sulfate Keto-Enol Tautomery

GTX3
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1. Chemistry of PSTs
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11-Sulfate Keto-Enol Tautomery

The R,/R,-toxin isomers are given
as sums, because the R,/R ratios
are not stable (except for the
equilibrium ratio)

Toxin R1 R2 R3 R4

STX H H H CO-NH,
NEO OH H H (Carbamoyl-)
GTX1 OH H 0S0;

GTX2 H H 0S0;

GTX3 H | 0SO,

GTX4 OH | 0SO;

B1= GTX5 H H CO-NH-SO;
B2=GTX6 OH H (N-Sulfocarbamoyl-)
c3 OH 0S0;

¢ 00,

c2 0S0;

Ca OH | 0SO;

dc-STX H H H
dc-NEO OH H (Decarbamoyl-)
dc-GTX1 OH H 0S0,

dc-GTX2 H 0SO0;-

dc-GTX3 0SO; H

dc-GTX4 OH | 0SO; H
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1. Chemistry of PSTs /\V V |

Oxidation of PSP Toxins

PSP toxin eluting from
column showing neither UV
nor fluorescence activity

Oxidation with H,O, or
periodic acid

Acidifying with acetic acid or
nitric acid, products showing
strong fluorescence

(Ex: 330 nm, Em: 390 nm)
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Oxidation of PSP Toxins

1. Chemistry of PSTs

1, 6
STX | B1 3
2
(2) 3 @ el
3, 3
NEO B2
4 4z,
(b) () l;!L I
9 5
GTX2/ C1/C2
GTX3
8 5
@ 7| o, ML

0 5 10 15 O 5 10 15
Time (minutes)

Janecek, M. et al. (1993) J. Chromat. 644, 321-331
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1. Chemistry of PSTs M I S

Hydrolysis of B- and C-Toxins

No C-toxin standards are commercially available,
Therefore N-(sulfocarbamoyl) toxins have to be desulfonated into carbamoyl

toxins for quantitation

0
\\S/N o

+H,S0,

Hydrolysis conditions: 1 N HCI, 15 min, 90°C
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1. Chemistry of PSTs
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Hydrolysis of B- and C-Toxins

Toxin R1 R2 R3 R4

STX H H H CO-NH,
NEO OH H H (Carbamoyl-)
GTX1 OH H 0S0;

GTX2 H 050,

GTX3 H | 0so; H

GTX4 OH | 0so,

Bl= GTX5 H H H CO-NH-S0;,
B2=GTX6 OH (N-Sulfocarbamoyl-)
C3 OH H 0S0,

1 H 0S0,

C2 H | oso,

c4 OH | 0SO; H

dc-STX H H
dc-NEO OH H (Decarbamoyl-)
dc-GTX1 OH 0S0,

dc-GTX2 H 0S0;

dc-GTX3 0S0, H

dc-GTX4 OH | oso; | H

B1->STX
B2 -> NEO
C3 > GTX1
C1->GTX2
C2 > GTX3
C4 -> GTX4
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2. Chromatography g

lon pair chromatography with post-column oxidation and fluorescence
detection

1. Instrument: Agilent LC1100:
Degasser G1370A
Quaternary pump G1311A
Autosampler G1329A
Sample thermostat G13308
FLD G1321A

Post-column derivatisation: Pickering PCX 2500

Flow: I ml/min

[ ]

3. Eluent A: & mM octanesulphonic acid
6 mM heptanesulphonic acid
40 mM ammonmm phosphate
0,75% THF

4. Eluent B: 13 mM octanesulphonic acid
50 mM phosphoric acid adjusted to pH 6.2 with ammonia
15% ACN
15% THF

5. Gradient: 0 min 100% A
15 min 100% A
16 min 100% B
35 mun 100% B
36 min100% A
45 min 100% A
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2. Chromatography g

lon pair chromatography with post-column oxidation and fluorescence

detection
7. Injection: 20 uL
B Sample thermostat: 4°C
0. Precolumn: Phenomenex SecuniGuard
10. Column; Phenomenex Luna C18, 5y, 250 x 4.6 mm
11. Denvatisation: each 0.4 ml/min 1. 10 mM Perniodic acid
550 mM Ammonia
2.0.75 W Nitric acid
12. Reactor temperature: 50°C

13.  Detection:
Fluorescence measuring: excitation wave length: 333 nm
emission wave length: 395 nm

Krock B. et al. (2007) Harmful Algae. in press
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2. Chromatography
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Post-column oxidation of PSP Toxins
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Schematic diagram of a post-column dernvatization svstem

Detector

Feactor
T=50°C

Feagent
Pumps
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Waste

Nitric acid
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2. Chromatography M I LN

Retention under lon Pair Conditions

lon pair chromatography: Organic anions are added to the mobile phase to form neutral complexes
(“ion pairs”) with kations, or vice versa

maobile phase {(waterfacetonitrile)
non-charged ion-pair
very non-polar :

strong affinity between

the ion-pair and the
stationary phase
n

GTX-3

silica based stationary C-18 HPLC phase

Retention: C2 < GTX3 < STX
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Retention under lon Pair Conditions

2. Chromatography
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Retention under lon Pair Conditions

2. Chromatography

C-toxins

A. tamarense (0.03 M AcOH)

NEO
STX

T T
30 35

A. tamarense (1 N HCI, 15 min, 90°C)

A
o
GTX3

GTX3 |

STX

GTX2
—— NEO

T
a0
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2. Chromatography / \WI @

Sensivity

LC-MS/MS (API 4000 Q-Trap)

Limit of Quantitation (LOQ)

Toxin (S/N=5) [pg]
GTX4 7
GTX1 112
dcGTX2 77
dcGTX3 51
GTX2 95
Bl 10
GTX3 5
NEO 49
dcSTX 12
STX 14
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3. Parameters and their impacts / \W I R !/’

Hydrolysis of B- and C-Toxins: Time

100% -
80% - mC3/4
mC1/2
OB2
60% - mB1
mdcGTX2/3
B dcSTX
40% - OGTX 2/3
OGTX 1/4
mNEO
20% - mSTX
0%

15min, 90°C 30min, 90°C 60min, 90°C
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3. Parameters and their impacts A W I D

Hydrolysis of B- and C-Toxins: Temperature

100%

90% -

80% -
mC3/4

70% mC1/2
OB2

60% mB1

50% | mdcGTX2/3
B dcSTX

40% - OGTX 2/3
O0GTX 1/4

30% - m NEO

20% | OSTX

10% -

0%

15min, 90°C 15min,100°C
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Oxidation: pH

100] 4 NEO Oxidation pH 8.2

50/

]

100

5.0

04l

TIME (min)

Gago-Martinez, A. et al. (2001) J. Chromat. A 905, 351-357
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3. Parameters and their impacts b hd S S

Column: Temperature

Column temperature: 20°C
] "
f 9 X
= 7]
_wo

Column temperature: 25°C

STX
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3. Parameters and their impacts

Eluant A: pH 6.9

Eluants: pH

GTX1

GTX3

Eluant A: pH 7.0

GTX1

A=

=
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3. Parameters and their impacts S \W I A

Injection: Volume

Injection volume: 20 pl

J{ Injection volume: 40 pl
./\./\.g".”f”’.ufff' R e \‘J\ T oo

JL Injection volume: 50 pl
f\\ﬂ/\,v — S — ~:ML/J,\+/ =
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3. Parameters and their impacts

Matrix Effects

FLD1 A, Ex=3232, Em=395 (DAHPLC-FLD-DATENHPLC-DATENDEOT2 1WAMOTOZZOWALAT-1-1.0)
(MU
3564 .
ad A. minutum extract
2564
o
154
1- MJ\N/I\ - : T : T T ‘ T T T = . T
1] ] 10 15 20 25 30 35 40 mir
FLD A, Ex=332, Em=305 (DAHPLC-FLD-DATENHPLC-DATENDEOT2 1WAMOTOR2 D)
L
35 . . .
24 A. minutum extract 1:2 dilution
2564
o
b /\/\
; ] B B . = - = -
FLD1 A, Ex=333, Em=305 (DAHPLC-FLD-DATENHPLC-DATENDEOT 2 1WAMOTOR2E D)
L
34
e A. minutum extract 1:3 dilution
o
15
14 L = /\rﬁ L /\_,_/.\.,_ L .
; ] B B & = - = -
FLD1 A, Ex=233, Em=305 (DAHPLC-FLD-DATENHPLC-DATENDEOT2 1WAMOTOR2ZOWALAT-2-1_1-5.0)
L
34
e A. minutum extract 1:5 dilution
o
154
14 ..l"\.I ""‘—r'—‘—/\""—v"-""—'—'-
; ] B B . = - = -
FLD1 A, Ex=332, Em=305 (DAHPLC-FLD-DATENHPLC-DATENDEOT2 1WAMOTOFZNE TDA. D)
L
34
33 Standard
259
o
194 AN AN AN
14 L T L T
T T T T T T T T
1] ] 10 15 20 25 30 35 40 mirg
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3. Parameters and their impacts MI @

Imposters
GTX, , Std P. stutzern FTB-1
A D G
GTX, 4
il / "5 0.1N HCl/Heat
\ \J /
2 (s E H
3 A5 0.2N NaOH/Heat
: /
g ‘.\}N-—-—
E ! L] T T T T T T T .’M
c F I
GTx, | | GTX
‘\: — ;4 s Mo Post-
In‘ r’( column Oxidation
—M%ﬁ.— o] o M

1] 10 20 o 1TGI ' Erﬂ ' E' i 1r'D 20
Time (min)
Baker T.R. et al. (2003) Toxicon 41(3) 339-347.

Bernd Krock 2007



4. Alternative methods e

Oshima method (post-column oxidation)

column Inertsil C8-5, 4.6x150mm
flow 0.8 ml/min

(a)
nf ?—-___ e oIt 51 (0.33) C-group: 1 mM TBAP, adjusted to pH 5.8 with AcOH
= e L . T ~.___C2(009
157 & =~ __ C3(0.54)
C4 (0.12)
(b)
= g': —T GTX4 (0.1 :
s PRl ED‘EE; GTX-group:2 mM Na 1-heptanesulfonate in 10 mM
D T T T TooToo T GIXs(4) (NH,),PO;, pH 5.8
SR OE_ Tt = - aTX3(0.03)
L = TS - - - GTX2{0.08)
(e)
: E
s & - 030 . :
- =T Zi;ﬂxﬂﬁﬂ STX-group:2 mM Na 1-heptanesulfonate in 30 mM
19= — : _— = - — . E — .
- === —eT T s () (NH,),PO,, pH 7.1:ACN = 10:5

Oshima, Y. (1995) Manual on Harmful Marine Microalgae, IOC Manuals and Guides No. 33. G. M. Hallegraeff, D. M.
Anderson and A. D. Cembella. Paris, UNESCO: 81-94.
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4. Alternative methods

[

Lawrence method (pre-column oxidation)

Flow: 100 pL/min
Eluent A: 10 mM heptafluoro butyric acid adjusted to pH 4.2 with NH.OH
Eluent B: ACN
Gradient: 0 mun 100% A
20 min80% A
21 min100% A
33 mun 100% A
Injection: 20 ul
Column: LiChrospher-100 EP18, 5u, 230 x 1.0 mm
Denvatisation: 1. 30 mM Penodic acid, 300 mM Na-HPO,, 300 mM
NH;HCOO adjusted to pH 9.0 with 1 M NaOH
(prepared daily) (1:1:1 viv/v)
2. 50% aqueouns acetic acid
Detection: Fluorescence measuring:
excitation wave length: 335 nm
emission wave length: 400 nm
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Lawrence method (pre-column oxidation)

4. Alternative methods

. ; Not validated for
T S € D Rt S e ) B decarbamoyl toxins
i | (except for dcSTX)

[ Nf {} l ;’ u:l (3}
|I:nrl:|un-u.r 4 0

| asTx | o
. //’iﬁlﬂarm mayl + 411 & £3) 1_N_hydroxy|ated
[ B2 — o PSTs have to be
5] - ,{:i}f (&) purified by 2
subsequent SPE steps

[6TX2+3 | -xhx_xﬂ
|GIK]+4 | #_F.“-.;ﬁlm_'

[Clez | —cs

C3+4 | — s

. Ea riamuoyl
o
5y -
i . Euli'r:-curmmuﬂ

Quilliam M.A. et al. (1993) Rapid Commun. Mass Spectrom. 7, 482-487
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4. Alternative methods

o s

5
aTXz+5 ! Complex toxin profile
¢ 8 cannot be resolved
Bl |« 2 o
3

o 5 10 15
Time (minutes)

Quilliam M.A. et al. (1993) Rapid Commun. Mass Spectrom. 7, 482-487
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5. Conclusions S . EEJ v | :f;:

1. lon pair chromatography with post-column oxidation and
fluorecence detection is highly selective and sensitive method for
PSP determination

2. B- and C- toxins can indirectly be determined by acidic hydrosis

3. 11-sulfate toxins (C1/C2, C3/C4, GTX1/GTX4, GTX2/GTXS3,
dcGTX1/dcGTX4, dcGTX2/dcGTX3) should be given as sums only
due to their easy interconvertability

4. HPLC- and oxidation parameters have to be carefully controlled
in order to keep retention times and molecular response constant

5. Despite of high selectivity signals have to be confirmed by
experiments or inddependent methods

Bernd Krock 2007
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