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1995:

1998:

1. Search for toxigenic species

8 people in the Netherlands became ill after consumption of Irish
mussels (Mytilus edulis) harvested at Killary Harbour (Ireland).
Symptoms were like DSP intoxication, but DSP toxins were hardly
present in the mussels (MacMahon & Silke, 1996: Harmful Algae News, 14, 2)

Satake et al. identified azapiracid-1 (AZA-1) as the causative
compound in shellfish (3. Am. Chem. Soc., 120, 9967-9968)

Polyketide:

linear carbon skeleton
with cyclic ether
bridges

chemical nomenclature:

aza = secondary amine
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1. Search for toxigenic species

Toxicon

www.elsevier.com/locate/toxicon

Toxicon 41 (2003) 145-151

Ubiquitous ‘benign’ alga emerges as the cause of shellfish
contamination responsible for the human toxic syndrome,
azaspiracid poisoning
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Abstract

A new human toxic syndrome, azaspiracid poisoning (AZP), was identified following illness from the consumption of
contaminated mussels (Mytilus edulis ). To discover the aetiology of AZP, sensitive analytical protocols involving liquid
chromatography—mass spectrometry (LC -MS) were used to screen marine phytoplankton for azaspiracids. Collections of single
species were prepared by manually separating phytoplankton for LC-MS analysis. A dinoflagellate species of the genus,
Protoperidinium, has been identified as the progenitor of azaspiracids. Azaspiracid-1, andits analogues, AZA2 and AZA3, were

identified in extracts of 200 cellsusing clectrospray multiple tandem MS. Thisdiscovery has significant implications for both human
health and the aquaculture industry since this phytoplankton genus was previously considered to be toxicologically benign. The
averagetoxincontentwas 1.8 fmol of total AZA toxinspercell with AZA1 as the predominant toxin, accounting for 82 9% of the total.
@© 2002 Elsevier Science Ltd. All rights reserved.
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1. Search for toxigenic species

Correlations between the presence of known toxic phytoplankton species and toxin levels in shellfish in
Trish waters 2002 — 2006

Siobhan Moran*, J Silke, C Cusack, P Hess
Marine Institute, Galway, Ireland
siobhan.moran@marine.ic

The Irish National Monitoring Programme for phytoplankton is part of the Irish Shellfish Biotoxin

?ﬁﬁﬁ%ﬁ Monitoring Programme, which fulfills Regulation (EC) 853/2004. The four main toxic syndromes

SAFETY fqund ip I];ish water_s are Diarrhetic, Paralytic, Amnesic, and Azaspiracid Shellfish Poisoning.
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Protoperidinium crassipes

Over a four year period (2002 — 2006) there was no correlation between the
occurrence of Protoperidinium spp. in plankton and azaspiracids in shellfish
in Irish waters.

The authors exclude Protoperidinium as the source of azaspiracids

Possible reason for the misidentification of Protoperidinium crassipes:
P. crassipes as a heterotrophic dinoflagellate might have fed on the azaspiracid
producing organism during a toxic event Wl @
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1. Search for toxigenic species

Scientific expedtion on the North Sea June/July 2007
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1. Search for toxigenic species

Plankton fractionation

200 um (zooplankton)
50 um (big phytoplankton) —

20 um (smaII phytoplankton)

Plankton net, pore size 20 pm Filter array
-
-
—
LC-MS
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2. Search for the AZA producer

Size fraction test

AZA-1
1367
2024 200 pum

1504 50 pm

20 um
1024
500004
oM

M4 Me Mg 120 122 124 126 128 130 132 134 136 138 140 142 144 146 148 150 152 154 158 158

>
Look into 50 um plankton fraction Favella ehrenbergii
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1. Search for toxigenic species

Putative target organism isolation

Single cell isolation of 160 F. ehrenbergii
individuals with a microcapillary

Liquid chromatography-
mass spectrometry
(LC/MS)
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1. Search for toxigenic species

Feeding experiment

Azaspiracid containing F. ehrenbergii were fed with non-toxic Scrippsiella
for one week and measured again for AZA-1

Liquid chromatography-
mass spectrometry
(LC/MS)
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&0 4

7oA 13,71

&0 14,01
50

a0 A1473 1501 15,00

20

n MA b by AT MMAMM\A

11.4 1.6 118 12,0 12,2 124 12,6 12,2 120 13.2 134 136 128 14,0 14,2 144 14,6 142 15,0 152 15,4 16,6 198

h"J

=> F. ehrenbergii is not an azaspiracid producer! A\/\/I @
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2. Search for the AZA producer

New hypothesis: producing organisms are < 20 um

If Favella feeds on AZA
producers, they cannot be
very big!

=> screening of size
fractions < 20 um for AZA
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1. Search for toxigenic species

Screening of plankton < 20 pum for AZA

Filtration over 20 um gauze

A

Removal of plankton > 20 um

Rosette sampler
(unfiltered water samples)

Filtration over 10 um (gauze), 8 um, 3 um
and 0.2 um (polycarbonate filters) AW
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1. Search for toxigenic species
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>200 um  200-50 pm  50-20 ym  20-10 ym  10-8 pm

size fraction

the AZA producer is approximately 10 pm big

8-3 um

the AZA producer can only be sampled by direct water collection, but

not by phytoplankton net tows
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1. Search for toxigenic species

Species isolation

1:10 1:10 1:10

Serial dilution method

Incubation and growth
in multiwell-plates

AWI @

Alfred-we, g(, Inlll
fiiir Polar. iM
in der Hel Imh Itz G meinsc! haft



1. Search for toxigenic species

Isolate screening

Out of 240 isolates tested

only one culture “3 D9"
contained AZA

Krock et al. (2009) Harmful Algae, 8, 254-263 AWI @
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Expedition along the Danish west coast July 2008
AZA-1 [pg/L]
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1. Search for toxigenic species

Toxin profile of A. spinosum

AZA-1 ‘\
<D

4
AZA-2 ¥

MeAZAl <
=) U1
S T = m/z 842>824
Scottish strain 3D9 (2007) m/z 856>838

AZA-1 AZA-2
Me AZA-1

Danish strain UTH E2 (2008) AWI @
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A ool A. polongum
_polangum
Shet B2 201 2
A. abesum 2E10 A. obesum
2010

A. poporum UTHCAS

A. poporum UTHCS

A poporum UTHD4 A. poporum

2011
A cf. poporum HF2011

. spinosum Shet F6
A. spinosum 3D9

A. spinosum UTH E2
A_spinosum SM2

A. spinosum
2009

A. caudatum
var margalefi

A. caudatum
2012

A. caudatum
var caudatum

Amphidoma
languida SM1
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Azadinium | Azadinivm | Azadinium | Azadinium | A. caudatum | A caudatum | Amphidoma

spinosum obesum poporum polongum var. margalefi | var. caudatum lanquida
size 13.8x88 |[153x 117 | 130x98 13.0x 9.7 MNAx224 | M7x287 | 139.x119
length/width 16 13 13 13 12 12 12
ratio

Several (47),
Pyrenoid 1; epicone - epi- and - - - 1; epicone
hypocone
. Short horn, | Long horn,

Spine * ) i * long spine | short spine
\entral pore + + - + - + +
Pore on po- i i + i + i i
plate
Shape pore- round- round- round- round- round- round-

. . L . . elongated . . . .
plate elipsoid elipsoid elipsoid elipsoid elipsoid elipsoid
Plate 1" in
contact to plate + - + + + + +
1a
Flate 6" in
contact to plate - - - - + + -
Azaspiracids + - + - - - +
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Ocean Data View

e

Recently 10 Azadinium cultures
established by hatching resting
cysts from sediment samples

All of them produce AZA-2
And other not yet identified AZAs

Species? work in progress
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2. Novel toxins

Toxin R, R, R, [M+H]*
AZA-1 H H H 842
AZA-2 CH, H H 856
AZA-3 H H 828
AZA-4 OH |H 844
AZA-5 H H OH 844
AZA-6 CH, H H 842
AZA-7 H OH 858
AZA-8 H H OH 858
AZA-9 CH, OH | H 858
3 AZA-10 CH, H OH 858
. AZA-11 CH, OH |H 872

To date more than 20 structural azaspiracid variants are known

Rehmann et al. (2008) Rapid Commun. Mass Spectrom., 22, 549-558
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2. Novel toxins

Test for AZAs (SRM):

A. cf. poporum Korea

004 096126200 237279 370 441 578 6,14 7,61 8,85.9,08 ILJ
T

858>840
(mass of AZA-7/8/9/10)

Unexpected result,
because AZA-7/8/9/10
are known as shellfish
metabolites

MM 16,62 _17
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2. Novel toxins_

A-ring

Coring g24.4
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2. Novel toxins

58°N I i

57°N
56°N -
55°N
A. poporum C5 North Sea
54°N .
Negative for known AZAs "TE 8E 9 10E 11E
Tillmann et al. 2011. Eur. J. Phycol., 46, 74 - 87. Danish Coast at

56° 14.52' N, 07° 27.54’EAW|@'
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2. Novel toxins

8774

precursor of m/z 348

7500+

7000+

m/z = 846

< 8 B
gg
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A-ring

M < 8284
2,066 Ho #7
1,966 =
A. poporum C5 North Sea .
1,866 8104
f’ﬁ
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2,066
1,96
1,86
1,76+
1,6e6+
1,566
1,4e6
1,3e64
1,2e6+
1,164
1,0e6
9,0e5-
8,0e5-
7,065
6,0e5-
5,0e5-
4,05+
3,0e5-
2,0e5-

1,0e54

2. Novel toxins

@
A. cf poporum (Korea)

6x-18 (= -H,0) @
Sulilad'nl

1x-44 (=-CO;) + 5% -18 (= H,0)

Ix 75(3 CaHaO5) + 2 %18 (= -H,0)

6 x -18 (= -H,0)
—
1x-44 (=-CO,) + 5 x -18 (= -H,0)

1 X ‘78 (: ‘C2H603) + 2 X ‘18 (: ‘HzO) O
792,

; 9 ? Co
A ol Tofz L dad % s .T& I, _H:h_

810,

A. poporum C5
North Sea

0,0’ .

680 690 700 710 760
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2. Novel toxins

Fragmentation pattern for the cleavage of m/z 78 (= C,H;O,)

=

N (
keto-enol
1 tautomery

3-hydroxy-AZA

C,HgO3 — It

+ H,0 AWI @
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Le oLy v o

2,8e5

2,665
2,465
2,265
2,065
1,865
1,665
1,4e5|
12e5
1,065
8,0e4
6,004
4,064
2,064

0,0>

@ bie= A

3. Novel toxins

AN

6 x -18 (= -H,0) a1 a1

' 3-hydroxy-AZA

1x-44 (= -CO,) + 5 x -18 (= -H,0)

1 X -78 (= -C,HgO3) + 2 x -18 (= -H,0)

CONEN

)

-

7B
-

I A

A

N

770 780 790 800

1
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Toxin cell quota:
~20 fg/cell

AZA-846: 39-desmethyl-7,8-dihydro-3-hydroxy-AZA-1
(Krock et al. in preparation)
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2. Novel toxins

Toxin cell quota:
~2 fg/cell

C19-C20

AZA-1

sum formulas
as determined by HRMS:

AZA-858 = 39-desmethyl-3-hydroxy-AZA-2

(Krock et al. in preparation) AWI @

»\h d n ;, | n t
IM
d H | holtz Q ﬂsthdlt




6,0e4

5,54

5,0e4+

4,504

4,0e4]

3,5e4

3,0e4-

2,54+

2,0e4+

1,5e44

1,0e44

1000,0-

0,0l

2. Novel toxins

816 > 798
AZA-816

Amphidoma languida sp. nov.,
Bantry Bay, Irleand

. 23® i L 811

830 > 812
AZA-830

830 > 812
AZA-816 methyl ester

1586

20 30 40 50 60 70 80 90 100
Time, min

Tillmann U. et al. 2012 Protist 163, 701-719.

130 140 150 160 170
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3,55
3,4e5+

3,265

3,065+

2,865+

2,6€5-

2,465

2,25+

2,065

1,8e5-

1,6e5-

1,4e5-

1,254

1,0e5-

8,0e4+

2,0e6
1,96
1,866
1,7e6:
1,6e6:
1,56

1,.3¢6:

T 126
> 1166
- 10e6

9,0e5
8,065
7,065
6,0e5

5,065

3,065
2,0e5
1,0e5:

1891

1751

2062 2451

7944

AZA-830
A. poporum C5: C,sH,;NO,, C,6H-1NO4,
AZA-846
8124
.%ﬁ\ltﬁljzm Z \4}%2\ l Wi &TA ‘7{4\2
®
Amphidoma languida sp. nov.,
Bantry Bay, Irleand 7584
668,3
201 4302\ 4482 . 7404
B4 4122 6504 I 8303
350 400 450 500 550 600 650 700 750 800 {
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3,5e5
3,4e54

3,2e5-

3,065+

2,865

2,6e5-

2,4e54

2,265

2,065

1,8e5-

1,665

1,4e54

1,254

1,0e5-

8,0e4

6,0e4

4,0e4-

2,0e44

0,

2. Novel toxins

)
- ©
= A. poporum C5

“ North Sea (AZA-846)

6 x -18 (= -H,0)
—

7944

AZA-830

8124

Amphidoma
languida sp. nov.,
Bantry Bay,
Irleand

7247 7303 7304 7985

S

—R—
Fw
WA

330,3
!

700

. . ' . - L M
710 720 730 740 750 760 770
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2. Novel toxins

A. languida:
AZA-830

Toxin cell quota:
~6 fg/cell

\\\\\\\

sum formulas
as determined by HRMS:

AZA-830 = 39-desmethyl-7,8-dihydro-AZA-1

hypothesized structure! AW' @
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8,3e5
8,0e5-

7,5€54

7,065

6,5e5

6,0e5-

5,5€5+

. 5,065

+ 4,5e5

4,0e5

3,554

3,0e5

2,565

2,0e54

1,565

2. Novel toxins

7364
A. languida AZA-830: C,¢H,;NO,, C H..NO
45" '69 12
L0
1,265+ 348,2
1,0e59
8,0e4-
668,3
7544
686,3
74 6ka. 65?-4 7184
. L by .l TP PR VI N
600 650 7o
7804
1882 2062 700,4 o84
297,1
3302 4482
4302 6824 7624
20 3151 gy 724
251 ﬁ%’ /%Z 1 364,13702 4001 4083. 5162 6403 6645 6724 7104 74r,5 h/ A a6
(AR WU il :‘m‘lulhli ufu I“'""l‘ ‘J .I.Al\.\ [ Il‘llhl st abbge ity l‘m N R TR L . oo LM | W, ) . . ' |
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8,3e5

7,55+
7,0e5-
6,5e5
6,0e5-
5,55+
. 5,05
 45e5]
4,065
3,55+

3,065

2,5e54

2. Novel toxins

736,4

AZA-816 Toxin cell quota:
~11 fg/cell

8 x -18 (= -H,0)
—

1x-44 (= -CO,) + 5 x -18 (= -H,0)

7184

@

[2.0e6-
1966
11,866-

1,76

1,6¢6-

14e6-

1,266
1,166
1,066
9,0e5-

8,0e5-

A. poporum C5
North Sea

no M -78 (= -C,Hgz0;)
780,4
7004
7984
|
S @@ W
= S - ‘Osv’S\\' by 7&\ ‘”'\ “ T A T 'L:‘ T \L: T T T H\: T T "A’ T
680 690 700 710 720 730 740 750 760 770 780 790 800 810 820

Structure: ?
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1,065 ] 216,41
191, 2621 .
5.0ed ] 1$9.W2q, _280 A2
| 2851 13 41 551 oo
Ll ,.F.I.II L 300

2.

AZA-1

3622 |

Novel toxins

G543

6722

G35,32

4942 5122 5602 608.3~§|‘1?-3 25 )
P . X ht i

22449
205G,

362-type AZA

11

400

AZA-872

Azadinium poporum G 66
East China Sea, China

462,2
344,2

4082\
.\ i

2 494.2_

S00 G40 =i ln] G50 T

654,3

672,3

d

636,3

512,2
el L L

, 608,3 _628,3 A
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Identical CID
spectra up to

e m/z =672
362-type AZA

756,55

i 10,
ek 4[] | stee
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2. Novel toxins

AZA-858 =
6 x -18 (= -H,0) (] N
<
Jx-44 (=-C0,p)-5x 18 (= -H;,0)
A1 Al

1x-78 l:= _GEHEDEI -2x18 l:= —HEO}
3-hydroxy-AZA

] () (o] (o] |,

54

AZA-872

836

828

B0

AZA-846 ‘ a2 H 800 || g18 ‘ -

Iﬂﬂ [m| m] (] |, . 78 7 Tpal
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Azadinium poporum G 66
East China Sea, China
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2. Novel toxins

AZA-872 _
Toxin cell quota:
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zadinium poporum ) :
East China Sea, China AZA-8B12: CagH73NOy5

AZA-872 = 3-hydroxy-8-methyl-AZA-1 = AZA-11
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AZA-11

(Krock et al. in preparation)
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2. Novel toxins

Toxin R, R, R, | [M+H]*
AZA-1 H H H 842
AZA-2 CH, H H 856
AZA-3 H H 828
AZA-4 OH [H 844
AZA-5 H H OH 844
AZA-6 CH, H H 842
AZA-T H OH 858
AZA-8 H H OH 858
AZA-9 CH, OH [H 858
AZA-10 CH, = OH 858
AZA-11 | CH, OH [H 872
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2. Novel toxins
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Fig. 3 Chromatograms of (a) a standard solution of
AZAl (488.5 ng/L), (b) a blank scallop mus-
cle sample, (¢) a blank scallop muscle sam-
ple spiked with AZA1 of 73. 27 pg/g and (d) a

polluted scallop muscle sample

Yao J., Tan Z., Zhou D., Guo M., Xing L.,
Yang S., 2010:

Determination of azaspiracid-1 in shellfish by
liquid chromatography with tandem mass
spectrometry.

Chinese Journal of Chromatography 28, 363-
367.
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2. Novel toxins
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Azadinium poporum AZYDO02
Yellow Sea, China
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3. Geographic distribution

Toxin cell quotas:
2 — 23 fg/cell

362-type AZA

Azadinium poporum
G 42, G 64, G 68
East China Sea, China
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3. Geographic distribution

Toxicon 53 (2009 680-6584

Contents lists available at ScienceDirect

) Toxicon
D

s JI
EIl. SEVIER journal homepage: www.elsevier.com/locate/toxicon

[solation of azaspiracid-2 from a marine sponge
Echinoclathria sp. as a potent cytotoxin

Reiko Ueoka?, Akihiro Ito®, Miho Izumikawa €, Satoko Maeda®, Motoki Takagi €,
Kazuo Shin-ya“, Minoru Yoshida b Rob. W.M. van Soest 9, Shigeki Matsunaga **

* Graduare School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

b Chemical Genomics Research Group, RIKEN, Wako, Saitama 351-0198, Japan

©Biomedicinal Information Research Center, National Institute of Advanced Industrial Science and Technology, Koto-ku, Tokyo 135-0064, Japan
4 Zoological Museum, University of Amsterdam, 1090GT Amsterdam, The Netherlands
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3. Geographic distribution

A. pororum strains G 42, G 64 and G 68 are probably the source of the
sponge contamination with AZA-2
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Harmful Algae 19 (2012) 30-38

Contents lists available at SciVerse ScienceDirect

Harmful Algae

journal homepage: www.elsevier.com/locate/hal
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| Blooms of Azadinium cf. spinosum Elbrachter et Tillmann (Dinophyceae) in

northern shelf waters of Argentina, Southwestern Atlantic

Rut Akselman *, Rubén M. Negri

Instituto Nacional de Investigacion y Desarrollo Pesquers, V. Ocampe 1, BF602HSA-Mar del Plata, Argenting
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Consuelo Carbonell-Moore, pers. com.
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J. Eukaryat. Microbiol,, 8(2), 2012 pp. 145-156
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First Report of the Photosynthetic Dinoflagellate Genus Azadinium in the Pacific
Ocean: Morphology and Molecular Characterization of Azadinium cf. poporum

ERIC POTVIN,® HAE JIN JEONG,* NAM SEON KANG,* URBAN TILLMANN' and BERND KROCK"

*School of Earth and Environmenial Sciences, College of Natural Sciences, Seoul National University, Seowl 151-747, Korea, and
b Alfred Wegener Institute, Am Handelshafen 12, Bremerhaven, D-27570, Germany
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Morphology, phylogeny and azaspiracid profile of Azadinium poporum
(Dinophyceae) from the China Sea

Haifeng Gu®*, Zhaohe Luo?, Bernd Krock®, Mattias Witt€, Urban Tillmann ®*

*Third Institute of Oceanography, SOA, Xiamen 361005, China
® Alfred Wegener Institute for Polar and Marine Research, Am Handelshafen 12, D-27570 Bremerhaven, Germany
“Bruker Daltonik GmbH, Fahrenheitstr. 4, 28359 Bremen, Germany
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3. Geographic distribution
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4. Take home message

1. Since 2007 three species are known to be de novo producers of AZAs:
Azadinium spinosum, A. poporum, A. dexteroporum and Amphidoma
languida

2. Today more than 10 AZAs are known be produced by dinoflagellates:
AZA-1, -2,-11, -33-41

3. The occurrence of Azadinum spp. and AZAs is a global problem and
not restricted to northwest European waters
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