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1. Introduction /—\V V|

Ecological Chemistry: Allelochemical Effects of Protists

Allelochemistry:

Interaction of biologically active components eliciting specific responses
In target organisms.

These highly specific allelochemical compounds are typically secondary
metabolites and should be distinguished from low molecular weight inorganic
and organic nutrients and complex but poorly defined dissolved organic
matter (DOM) that may be utilized as growth substrates by protists.

There are both stimulatory and inhibitory functions to be exploited via
production of allelochemicals by protists. Among the putative functions of

allelochemicals, their use as agents of chemical defence is most often
invoked.
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1. Introduction
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Ecological Chemistry: Allelochemical Effects of Protists

Oxyrrhis marina

Alexandrium ostenfeldii

Photos: U. Tillmann
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Lytic effect of Alexandrium, here the example of
Oxyrrhis marina (heterotrophic dinoflagellate).

Black arrows: Alexandrium;
Red arrows: remains of Oxyrrhis
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Ecological Chemistry: Allelochemical Effects of Protists

Organism  Effect chemical interaction  ecological function
Alexandrium  Accumulation in Spirolides
ostenfeldii marine food

webs,

poisoning of f)
vertebrates and
humans

i Defense against
Lysis of other
protists D predators and/or

competitors
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The Discovery of Novel ,Fast Acting Toxins"

1991-1992

During routine monitoring of shellfish aquaculture sites
In Nova Scotia, extracts of the digestive glands of blue
mussels (Mytilus edulis) from Ship Harbour and sea
scallops (Placopecten magellanicus) (Graves Shoal)
elicited a unigue toxic response in the DSP mouse
bioassay.......

Coincident consumer complaints of mild iliness after
shellfish consumption
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1. Introduction AW I
“Fast Acting Toxicity”: Lipophilic extracts (DSP toxins)

svmitomology _ -
ymptomology High I.P. Toxicity

not PSP/DSP(!)
strong convulsions

tail whirling

body arching

rapid death (min)
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“Fast Acting Toxicity”: Occurrence
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Numerous uncultur- facilities ulu inth

o Nova Scotia, Canada
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“Fast Acting Toxicity”: Occurrence

10° 12°

Limfjorden,
Denmark

Later also found in:

Norway,

Scotland
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Scanning electron micrographs of vegetative cells

Alexandrium tamarense Alexandrium ostenfeldii
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Confirmation of spirolides in cultured isolates from Nova
Scotia

1. Introduction

Produces PSP
toxins, but no
spirolides

Alexandrium tamarense

Produces
spirolides,
but no PSP
toxins

Alexandrium ostenfeldii
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1. Introduction /—\\V V

Cause of “Fast Acting Toxicity”

R1 R2 MW

Novel compounds A H CH, A% 6915

identified as
T . desMeC CH, H A2® 6915
spirolides

B H CH; 693.5
e macrocyclic imines desMeD CH, H 693.5

. . C CH; CH; A%3 705.5
e structural similarity s CH

to pinnatoxin D  CH, CH, 707.5
& gymnodimine

» pharmacologically E H CH, A23 709.5
active/inactive forms F W cH 7115
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2. Search for unknowns
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ldentical mass transitions — different retention times

13-desMe C Strd

MRM: m/z 692.5 > 164.1

111111
111111
000000
999999
000000
555555
000000
555555
000000
555555
000000
555555
555555
555555
000000
555555
000000
ssssss
000000
555555
000000
000000

AOSH 2

MRM: m/z 692.5 > 164.1

12 14 16
Tim e, min
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13-desMe C Strd: EPI m/z 692.5
G742
2,0e5 4
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2. Search for unknowns
Characteristic |

spirolide
< @ m/z = 444.3
fragment _
m/z = 164.1

M+H = 692.5

674,3

164,1

4442

656,3

|
426,3 638,< 692,3

\_/
177,1 B
119,0 147,0 462.3
' ' 258,2 408,2
1 302,2 _320,2 3582 f zh54, 4723 5223 5584 6202 30
\ I | ’ m {0l )y g1 | | lll‘],\w "‘ [ ‘l 1 L }|| | : ‘
00 150 200 250 300 350 400 450 500 550 600 650 700
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2. Search for unknowns

Cyclic imino moliety accounts for toxicity and forms a
characteristic spirolide fragment

R1 R2 MW

A H CH; A%23 691.5

desMeC CH; H A%23 6915
B H CH, 693.5

desMeD CH; H 693.5

C  CH, CH, A23 7055

D  CH, CH, 707.5
E H CH, A23 709.5
F H CH, 7115
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Using the characteristic fragment for the detection of
unknown spirolides

AOSH 2: Precursor m/z 164.1
e 12,37
7.0e7
6,0e7 4 12,00.,
5067 -
q0a7l 4 11.76...
a3, 0ed 1
(| 1284
2,067
1,07 -
I 1181, ¥ U 1325
l:lll:l T 1 1 ‘I 1 1 i 1 T 1 T 1 1 T l 1
2 4 B g 10 12 14 16 18 20 22 24 26 25
Time, min
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2. Search for unknowns

s
M I f/éﬁm
't:;g‘-, S

Spirolide masses

AOSH 2: Precursor m/z 164.1
117 min m/z 640.6 —| | M2 6507
12.0 min m/z 706.6
12.6 min miz 706.6 | -m/z 720.7
13.0 min m/z 694.6
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3. Mass spectral characterization AW I
AOSH 2: m/z = 640.5

+ . 11, min fram Sample - o - A urbo Spra ax. 1,5e7 cps.
- EPI (§40,50) CE (57 11,819 min f Sample S (AOSH-640) of SPX-051111 wiff (Turba Spray) hdax. 1.5e7 cp
164.2
157 )
Je G224
o
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=
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100 150 200 250 300 350 400 450 500 550 500 G50 Foo 750
mdz, amu
hiax. 2,5e cps.

B . Ep| (540,500 CE (57 12,494 min from Sample 8 (A0SH1-6540) of SPE-051114 wiff (Turbo Spray)

2 Hef 164,2 0,3
o 2.0e6 ]
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3. Mass spectral characterization

AV

AOSH 2: m/z = 650.5

B +EFI (650,50 CE (57 11,720 min from Sample 8 (AO0SH1-G500 of SPX-051111.wiff (Turba Spray) Max 2.5e7 ops.
1642
2,57 4 '
w2 0e7 402,32
o
L)
- 1.5eT 532,49
_E? i
= G144
5 1,0e¥ ] 3843
S 5064 11041901 o L2702 506 4
00 R measns wp0fne ans we0a  swas seealO| o0 ,
100 140 200 2a0 =00 360 00 a0 00 550 G500 Ga0 Fao 7a0
m/z, amu
B EF (650,500 CE (57 12,5568 min from Sample 8 (AOSH1-G500 of SPX-051111 . wiff (Turbo Spray) ha=. 1,1ef cps.
02,2
1,006 16542
i
= 3,005 s5as
% .00 e5 - '
T 40085 - E14,3., 6323
E oes rarn |0
= o5
' 1180 ) l 2082 2582 a023 35630663 480,4 5503
PR PRSTHPPIN | Nt FFY IJL. et o Ll | 1 S .:3| i 42|h'5:"‘43||:|'2 . | I51'.3'3 -"5?:4'6 5E|II3I,5 L ' . .
100 150 200 250 200 250 00 50 00 550 500 S0 Foo 750
mfz, amu
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3. Mass spectral characterization

AV

. -, :- -

AOSH 2: m/z = 692.5

rn."z. amu

W + ' 2, min fram Sample - 0 - i urbo Spray ax. 3,7 ed cps.
EFI (692,500 CE (57): 12,362 min f = le 12 (AOSHA-892) of SPX-051111 awiff (Turbo 5 hal 2,7 eh
5.0e5 -
G742
o 164,2 G563
[
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3. Mass spectral characterization

AV

AOSH 2: m/z = 694.5

+ : 5 : min mam >ample E 1] N R urbo =] =, l,2er CpE)
. EPI (694,50 CE (57 12,974 min from Sample 12 (20SH1-804) of SPX-051111amiff (Turbo Spray) Max. 1,27 cp
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3. Mass spectral characterization AW I
AOSH 2: m/z = 706.5

|| +EPI(FOG,500 CE (57 12,042 min from Sample 14 (A05HA-T0G) of SPX-0511 11 awiff (Turbo Sprayv) hiax. 5,3e7 cps.
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3. Mass spectral characterization

e
M I '5:;;%23
':Zj: = o

AOSH 2: m/z=720.5

- +EPRI(F20,500 CE (57 12,664 min from Sample 15 (ADSHA-T20) of SPXA-051111.wiff (Turbo Spray) M3z 7 deb cps.
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4. Penotypic profiling of Alexandrium ostrenfeldii strains W I S

CCMP 1773, Denmark

11,51

2,066 67/8.5>164.1

1,6€6

1,4€6

1,2€6 - 13,19-didesMe C

1,0e6
8,0e5
6,0e5
4,0e5

2,0e54

o

125 130 135 140 145 150
Time, min
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4. Penotypic profiling of Alexandrium ostrenfeldii strains

AOSH 1, Canada

11,95
2,1e6;
2,066 -
1,9¢6-
1,866
1,7¢6 -
1,666
1,596;
1,4e6-
1,3¢6-
1,26
1,196;
1,0e6;
9,0e5-

8,0e5 -
7,065
6,0€5 -
5,0e5-
4,0e5;
3,0e5-
2,0e5 -
1,0e5M

/N
\ |

WIS

694.5 > 164.1
706.5 > 164.1

00— =7
13,0

115 120 125

Time, min
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4. Penotypic profiling of Alexandrium ostrenfeldii strains

AW/

4,4e6 -
4,2€6-
4,066 -
3,8¢6-
3,666
3,4€6-
3,2€6 -
3,066+
2,8¢6-
2,666 -
2,466 -
2,266+
2,0e6 -
1,8¢6-
1,6€6-
1,4e6 -
1,2¢6
1,0e6-
8,0e5-
6,0e5 -
4,0e5-
2,0e5-

(0] S T I

AOSH 2, Canada

125

2=

Time, min

20-Me Spirolide G

604.5 > 356.3
640.5 > 164.1
650.5 > 164.1

694.5 > 164.1
706.5 > 164.1
708.5>164.1
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5. Pitfalls A\VV I *Zﬁ

ldentical retention time and mass transition,

AOSH 1: MRM 706.5 > 164.1

5.deh 12,58

4,05
2,0e5
12,01, |L
13,00
l:lll:l T T T T T II1I. - T T T - T T T T T
2 4 & = 10 12 14 16 12 20 22 24 26 28

Time, min

AOSH 2: MRM 706.5 > 164.1

3 Teh 12,37

3.0e -
2.0ef
1.0ef 4
I:I.Elh T T T T T T IL T T T T T T T T
2 o) a] g 10 12 14 16 18 20 22 24 26 28
Tima min
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5. Pitfalls ANV &

but different mass spectra

AOSH 1: EPI m/z 706.5; 12.37 min

5 Sebi 164.2 B55,3
5.|:| &l 4 ?DB.Z
4,0e6
670,32
3.0ef - ase s
2 0ef - 6522
3
772 475,2
1,0ef - L2062
135.1 2582
v L 022 3gg 922508 bees  s724. 8003 B0ss| geds

100 150 200 250 300 350 400 450 500 550 [=julu} G50 Foo 750

miT amn
AOSH 2: EPI m/z 706.5; 12.37 min
1642 G285
B.0eT 6704
5.0e7 248 2
G0e7
- 706 4
3.0eT 4
T2 3742
2.0e7 4 652 5
1.0e7 41191 15E, 2042 2582 20232 248 .2
dwd Lot MBS ad03 soss. 55425724 6345) fdens
100 150 200 ZEIEI 3|:II|:I 35II:I 4EIIEI 45I|:l EEIII:I Eﬁll:l EEIIEI EEIEI ?I:IIEI ?Ell:l
miz, amu
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5. Pitfalls AWI ;—2

Compound or isotopic peak?

A

desMeC

B

desMeD

C

D
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5. Pitfalls
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Compound or isotopic peak?

AOSH 1: MRM 694.5 > 164.1

14,99
2.0e5
1,5e5 -
1,0e5
5.0ed
. DH [ 4286 26,21
' 2 4 ] 2 10 12 14 16 15 20 22 24 2R 28

Time min

AOSH 2: MRM 694.5 > 164.1

5.2e5 12,89
5.0e5
4.0e5
3.0e5 4
2.0e5 4
1,0e5 4
12,56 L
I:II:IH T T T T T T'-\-Hm J?SIEE T T T T T T
2 B ] 2 10 12 14 16 18 20 22 24 26 28
Time, min
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5. Pitfalls
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Product ion spectra reveal isotopic pattern

AOSH 1: EPI m/z 694.5; 12.0 min

1,00e6 4

8,00e5 4

G,00e5 4

4,00e5 4

2,00e5 4

4282

AOSH 2: EPI m/z 694.5; 12.9 min

426,32

23,3ef

3.0eb 4
2,566 4
2,0ef 4
1586 4
1,066 4

S5.0e5 4

g0 .3

F

R ‘)53_:" 411 8424‘*‘-J

7.4

ﬂnL 466

Isotopic fragments of
F m/z 13C,-692.5

iy = agz 03843

4546

47-"EI 1

400 405 410 415 420 425 430 435 440 445 450 455 460 465 4'.-'III 4?'5 4'EEIII 485 4QIII 495

miz, amu

Monosotopic fragments of
m/z 12C-694.5

4442

]1| D2 4603..., L.L,Aﬁq:z ,4?144803,44822,488249?2

405 410 415 420 425 4GEI 465 ‘HCI 445 iflﬁl.'.l 455 460 465 4?'.'.! 4?'5 480 485 490 4@5

Mz, amu
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Conclusions:

Triple quadrupole tandem mass spectrometry is a powerful tool for the
determination and quantitation of spirolides

Unknown toxic spirolides can be detected in the precursor ion mode of
the characteristic cyclo imino fragments at m/z 150 and 164,
respectively

Structural information can be obtained by product ion spectra of parent ions

Co-eluting compounds with identical mass transitions can be
differentiated by their product ion spectra

Product ion spectra can be used to differentiate between isotope statellites
and monoisotopic peaks
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