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Water-soluble fractions containing arsenic com-
pounds were extracted with chloroform–metha-
nol (2:1) from two kinds of jellyfish, Aurelia
aurita and Carybdea rastonii. After defatting,
each water-soluble fraction was subjected to
analysis by HPLC–GFAA (column: ODS 120-T)
and HPLC–ICP MS (column: Supelcosil LC-
SCX) for arsenicals. Arsenobetaine was detected
with both analytical systems as the major arsenic
compound. Besides arsenobetaine, the tetra-
methylarsonium ion and arsenocholine were
also detected by HPLC–ICP MS. The major
arsenical in each jellyfish purified by ion-
exchange chromatography using Dowex 50W
� 8 (H� form) and Dowex 50W� 8 (pyridinium
form) was confirmed to be arsenobetaine by
thin-layer chromatography. Copyright # 1999
John Wiley & Sons, Ltd.
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INTRODUCTION

Arsenobetaine was the first naturally occurring
organoarsenical to be isolated from a marine animal
(western rock lobster).1 Since then, this compound
has been shown to occur in marine organisms

including blue shark2 (Chondrichthyes), school
whiting3 (Osteichthyes), sea cucumber4 (Mollusca)
and various kinds of zooplankton.5 At present,
arsenobetaine is accepted to be present ubiquitously
in marine animals, independently of their feeding
habits and trophic level.6–11 In animals of the
highest trophic levels, arsenobetaine accounts for
almost all of the water-soluble arsenic compounds.

We are interested in jellyfish because they may
play an important role in the circulation of
substances in marine ecosystems: they secrete
mucus to capture suspended matter around them
and allow the mucus blobs formed in seawater to
sink to the bottom. This phenomenon promotes the
circulation of substances including arsenic and
means that arsenicals occurring in the suspended
matter and the mucus itself are always supplied to
detritovores on the bottom.

As the first step in investigating the contribution
of jellyfish to the circulation of arsenic in marine
ecosystems, the chemical form of the water-soluble
arsenic compounds extracted from jellyfish were
investigated. Two species of jellyfishes,Aurelia
aurita and Carybdea rastonii, were chosen as the
samples because of their frequent appearance along
seashores in Japan. Furthermore, they are a little
different in their feeding habits: whileA. aurita
feeds mainly on zooplankton,C. rastoni feeds on
fry and small fish in addition to zooplankton. In
other words,C. rastonibelongs to a trophic level
analogous to carnivora. This means thatC. rastoni
will take arsenobetaine up at a higher rate through
its food. In this study, the arsenic compounds
occurring in the two species of jellyfish were
investigated to elucidate their chemical structure
and to clarify the effect of feeding habits on the
relative abundance of the different structures.
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MATERIALS AND METHODS

Jelly®sh

Nine Aurelia aurita (a total of 1371g wet weight)
and eight Carybdearastonii (a total of 77g wet
weight) were collectedfrom the coastalwatersof
Yoshimi in front of the National FisheriesUni-
versity.

Arsenic content

After samples had been digested with nitric,
sulfuric andperchloricacids,their arseniccontent
indicated in Table 1 was determinedby arsine
evolution–electrothermal atomic absorptionspec-
trometryasdescribedpreviously.12

Extraction and puri®cation of
arsenic compounds

Eachjellyfish wasextractedtwice with 10 timesits
volume of chloroform–methanol(2:1); water was
then addedto the extract to reacha water/chloro-
form–methanolratio of 1:4, and the mixture was
shakenfor 2 min andstoredovernight.13 Themajor
arseniccompoundextractedin the water-soluble
arsenicfraction (upperphase)from eachjellyfish
waspurifiedby ion-exchangechromatography:the
water-solublearsenic fraction was placed on a
cation-exchangeresin Dowex 50W� 8 (50–100
mesh, H� form) column (2.0cm� 11.0cm,
35cm3) and eluted with 180cm3 of water,
180cm3 of 2.0mol dmÿ3 pyridine and180cm3 of
1.0mol dmÿ3 HCl, successively.The pyridine
fraction, in which a largeproportionof thearsenic
waseluted,wasthenchromatographedwith Dowex
50W� 2 cation-exchangeresin (200–400 mesh,
pyridinium form) using a 1cm� 50cm column
equilibrated with 0.1mol dmÿ3 pyridine–formic
acid buffer (pH 3.1). The sample was then
successivelyeluted with 200cm3 of the same
buffer, 200cm3 of 0.1mol dmÿ3 pyridine and
200cm3 of 1.0mol dmÿ3 HCl.

High-performance liquid
chromatography±graphite furnace-
atomic absorption spectrometry
(HPLC±GFAA)

A TosohCCP8000-serieschromatographwasused
for the chromatographicseparationof arsenicals
using an ODS 120T column (4.6mm� 250mm;
Tosoh Co. Ltd) with a mobile phase of
11.2mmoldmÿ3 sodium heptanesulfonate in
water–acetonitrile–aceticacid(95:5:6,by vol.; flow
rate, 0.8cm3 minÿ1; samplesize, 5 mm3).14 Frac-
tions werecollectedfor 25s and injectedinto the
graphite-furnaceatomic absorption spectrometer
andanalyzedasdescribedpreviously.A mixtureof
the authentic arsenic compounds (all with
100mgAs dmÿ3) wasalsofractionated.

High-performance liquid
chromatography±inductively
coupled plasma mass spectrometry
(HPLC±ICP MS)

A Hewlett-Packard1050solventdeliveryunit anda
100-ml injection loop of a Rheodyne six-port
injection valve was used.The arseniccompounds
wereseparatedat a flow rateof 1.5cm3 minÿ1 on a
Supelcosil LC-SCX anion-exchange column
(250mm� 4.6mm i.d.) with a pyridine–formic
acid buffer (pH 3.1). The exit of the column was
connectedto a hydraulic high-pressurenebulizer
HHPN (Knauer,Berlin, Germany)via 30cm of 1/
16in. PEEKcapillary tubing (0.25mm i.d). A VG
Plasma Quad 2 Turbo Plus (VG Elemental,
Winsford, UK) inductively coupledplasmamass
spectrometer(ICP MS) served as an arsenic-
specificdetector.

Con®rmation of the metabolite

The major arsenic compound purified by ion-
exchangechromatographywas subjectedto thin-
layerchromatographyperformedonacellulosethin
layer (Avicel SF, thickness 0.1mm; Funakoshi
YakuhinCo.,Ltd.). In orderto confirmtheposition
of thepurifiedarseniccompound,thecellulosethin
layer wasremovedat 5-mm intervals.Eachof the
removedsampleswas addedto a portion of 20%
ethanol,mixed with a vortex mixer for 20s and
analyzed by graphite-furnace atomic absorption
spectrometry.Dragendorff reagent was used to
authenticatesyntheticarsenobetaine(Trichemical
Co. Ltd).

Table 1 Total, water-soluble, lipid-soluble and residual
arseniccontentin A. aurita andC. rastoni

Arseniccontent(mg gÿ1 wet weight)

Species Total
Water-
soluble

Lipid-
soluble Residual

A. aurita 0.039 0.032 0.006 0.001
C. rastoni 0.135 0.117 0.010 0.005
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RESULTS

Arsenic content

Total, water-soluble, lipid-soluble and residual
arsenic contentsof each jellyfish are shown in
Table1.Thetotalarsenicin A.aurita (0.039mg gÿ1

wet weight) and C. rastonii (0.135mg gÿ1 wet
weight),especiallyin theformer,waslower thanin
other marineanimals.The major part of the total
arsenic,82% (A. aurita) or 87% (C. rastoni), was
water-soluble.A few percentof theresidualarsenic
could not be extractedwith chloroform–methanol
in both jellyfish.

HPLC±GF AA and HPLC±ICP MS

Thewater-solublearsenicfraction from eachjelly-
fish was analyzed by HPLC–GFAA with the
authentic arsenic compounds [retention times
(RT), s: As(III) 225–300;As(V) 150–225;metha-
nearsonicacid225–300;dimethylarsinicacid325–
400:arsenobetaine525–625;trimethylarsineoxide
725–850;tetramethylarsoniumion 1125–1275].A
singlearsenicpeakwhoseRT agreedwith that of
arsenobetainewas detectedin each fraction. In
addition,95.9%(A. aurita) or 91.8%(C. rastoni) of
the total arsenic in the water-soluble fraction
injected was recoveredin each eluate from the
ODS column, indicating that arsenobetaineis the
major arsenicalin the water-solublefraction. One
major arsenic peak was also detected in both
jellyfish by HPLC–ICPMS (Fig. 1). TheRT of this
peak agreedwith that of arsenobetaineand an
arsenosugar,5'-dimethylarsinoyl-5'-deoxyribosyl-
glycerol, although the latter compoundwas not
authenticatedin the presentstudy. In addition, a
few smallpeakswerefoundfor C. rastoni, andthe
RT of oneagreedwith that of the tetramethylarso-
nium ion. Severalsmall peakswere found for A.
aurita and the RTs of two of theseagreedwith
thoseof the tetramethylarsoniumion and arseno-
choline.

Puri®cation of the major arsenic
compound

The major arseniccompoundextractedfrom each
of A. aurita and C. rastonii was purified by ion-
exchangechromatographyusing Dowex 50W� 8
(H� form) andDowex50W� 2 (pyridiniumform).
The arseniccompoundwas eluted from Dowex
50W� 8 with a pyridinesolutionandfrom Dowex
50W� 2 with pyridine–formic acid buffer (pH
3.1). The purified arseniccompoundwaschroma-
tographedoncellulosethin layerstogetherwith the
syntheticarsenobetaine.As shownin Table2, the
Rf value of the compoundagreedwith that of
syntheticarsenobetainein the five solventsystems
tested.

From the resultsof HPLC–GFAA, HPLC–ICP
MS and thin-layer chromatography,the purified
compoundwasconcludedto bearsenobetaine.

DISCUSSION

The fact that C. rastonii feedson fry or small fish
meansthat it belongsto a highertrophic level than
A. aurita, which feedsmainly on zooplankton:the
former may take arsenobetaineat a higher rate
throughits food thanthe latter.Almost all arsenic,
however, accumulatedas arsenobetainein both
species,regardlessof the difference in feeding
habits.To explainthis phenomenon,onemusttake
into accountnot only the pathwayin their tissues
that convertssomearsenicalsto arsenobetaine,but
also the direct uptake of arsenobetainefrom
seawater. Gailer et al.15 placed blue mussel
(Mytilus edulis) in seawaterspikedwith arsenobe-
taine,andfound that almostall the experimentally
accumulatedarsenicin thetissuewasin theform of
arsenobetaine.On the other hand, we recently
showedthe occurrenceof arsenobetainein micro-
suspendedsubstancescollectedfrom seawaterthat
had beenpassedthrough a 5-mm plankton net.16

Table 2 Rf valuesof thepurifiedarseniccompoundsfrom A. aurita andC. rastoni

Rf

Solventsystem A. aurita C. rastoni Arsenobetaine

Ethyl acetate–aceticacid–water(3:2:1) 0.85 0.87 0.86
Chloroform–methanol–28%aq.ammonia(2:2:1) 0.81 0.80 0.82
1-Butanol–acetone–formicacid–water(10:10:2:5) 0.69 0.70 0.70
1-Butanol–acetone–28%aq.ammonia–water(10:10:2:5) 0.45 0.43 0.45
1-Butanol–aceticacid–water(4:2:1) 0.72 0.73 0.74
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Theseresults suggestedthat at least part of the
arsenobetaineaccumulatedin the jellyfish was
directly taken up from seawater.At the present
stage, however, no definite conclusion can be
reachedconcerning the origin of arsenobetaine
accumulatingin the jellyfish.

In bothspecies,thetetramethylarsoniumion was
alsosuggestedby HPLC–ICPMS. This compound
wasfirst identifiedin the gills of a clam (Meretrix
lusorio) by Shiomi et al.17 and hasbeendetected
subsequently in animals by other groups as
reviewed by Shiomi11 and Francesconiand Ed-

monds9. Shiomi11 suggestedthat the tetramethyl-
arsoniumion occursat a high frequencyin lower
marine animals.Although only two specieswere
examinedin this study, it is suggestedthat this
compoundis alsodistributedat a high frequencyin
jellyfish. Arseniccompoundsoccurringin another
speciesof jellyfish arenow understudy.

Gaileretal.15alsoreportedthatM. edulistookup
tetramethylarsoniumion in addition to arsenobe-
taine from seawater,and accumulatedit in its
tissues.On the otherhand,the presenceof a trace
amountof thetetramethylarsoniumion in seawater

Figure 1 HPLC–ICPMS chromatogramof thewater-solublefractioncontainingarseniccompoundsextractedfrom A. aurita and
C. rastoni.
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is expectedfrom the fact that it is aerobically
convertedby sedimentarymicro-organisms from
methanearsonicacid and dimethylarsinic acid,18

both of which are known to occur in seawater.9

Theseexperimentalresults raised the possibility
that seawateris the origin of the tetramethylarso-
nium ion in the two jellyfish.

In A. aurita, arsenocholinewasalsosuggestedas
a minor component.This compoundis generally
consideredto betheprecursorof arsenobetaine.It is
reportedto beconvertedto arsenobetainein marine
microorganisms,19 shellfish,15 fish20 andterrestrial
mammals.21,22 The occurrenceof arsenocholine
wasalsosuggestedin microsuspendedsubstances,
asstatedabove.16 This indicatesthepossibleuptake
of arsenocholineas well as arsenobetainefrom
seawaterinto the tissuesof jellyfish, althoughwhy
arsenocholineremainsunchangedin A.aurita is not
clear.

Jellyfish are generallynot eatenby animalsof
higher trophic levels, and thus the arsenobetaine
thataccumulatesin themmaynotbepasseddirectly
to thesehigher-levelanimals.Instead,it is expected
that the arsenobetainewould be degradedin a
multi-step processto inorganicarsenicby micro-
organisms occurring in sediments,12,23–25 sus-
pended substances,26 macroalgae,27 seawater28

etc. In otherwords,the arsenicmay be circulating
in a smaller ecosystemcomposedof seawater,
plankton,small fish and jellyfish rather than in a
general ecosystemthat includes animals of all
trophic levels.

Despitethe fact that jellyfish are memberof a
limited ecosystem,theymayplayanimportantrole
in marine ecosystemsas describedabove.When
jellyfish tentaclescomeinto contactwith suspended
matter, the jellyfish secretemucusto capturethe
matter.The amorphousblobsthat areformedthen
sink and may be consumedby detritovoreswhen
theyreachthebottom.Wearenowinvestigatingthe
arseniccompoundsin themucusof jellyfish.

REFERENCES

1. J. S. Edmondsand K. A. Francesconi,Nature, (London)
265, 436 (1977).

2. S. Kurosawa, K. Yasuda,M. Taguchi, S. Yamazaki,S.
Toda, M. Morita, T. Uehiro and K. Fuwa, Agric. Biol.
Chem.44, 1993(1980).

3. J.S.EdmondsandK. A. Francesconi,Mar. Pollut. Bull. 12,
92 (1981).

4. K. Shiomi,A. Shinagawa,M. Azuma,H. YamanakaandT.
Kikuchi, Comp.Biochem.Physiol.74C, 393 (1983).

5. Y. Shibata,M. Sekiguchi,A. Otsuki andM. Morita, Appl.
Organometal.Chem., 10, 713(1996).

6. W. MaherandE. Batler,Appl.Organometal.Chem.2, 191
(1988).

7. J. S. EdmondsandK. A. Francesconi,Appl. Organometal.
Chem., 2, 297 (1988).

8. K. Hanaoka,H. Yamamoto, K. Kawashima,S.Tagawaand
T. Kaise,Appl. Organometal.Chem.2, 371 (1988).

9. K. A. FrancesconiandJ.S.Edmonds,Biotransformationof
arsenic in the marine environment. In: Arsenic in the
Environment,Part I: Cycling and Characterization, J. O.
Nriagu (ed.),JohnWiley, New York, 1994,pp. 221–261.

10. K. A. Francesconiand J. S. Edmonds,Determinationof
arsenic and arsenic species in marine environmental
samples.In: Arsenic in the Environment,Part I: Cycling
andCharacterization, J. O. Nriagu(ed.),JohnWiley, New
York, 1994,pp. 189–219.

11. K. Shiomi, Arsenic in marineorganisms:chemicalforms
andtoxicological aspects.In: Arsenicin the Environment,
PartII: HumanHealthandEcosystemEffects, J. O. Nriagu
(ed.),JohnWiley, New York, 1994,pp. 261–282.

12. K. Hanaoka,T. Matsumoto, S. Tagawa and T. Kaise,
Chemosphere16, 2545(1987).

13. J.Folch,M. LeesandH. S.Stanley,J. Biol. Chem.226, 497
(1975).

14. R. A. StocktonandK. J. Irgolic, J. EnvironAnal. Chem.6,
313 (1979).

15. J. Gailer, K. A. Francesconi,J. S. Edmondsand K. J.
Irgolic, Appl. Organometal.Chem.9, 341 (1995).
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