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Sex pheromones, released with the coelomic fluid by 
male Platynereis dumerilii initiate egg release in swarm­
ing females. The egg release pheromone, isolated from 
the coelomic fluid of sexually mature males, was iden­
tified as L-Ovothiol A, which was found in male marine 
invertebrates for the first time. Isolation was obtained 
by reversed-phase high-performance liquid chromato­
graphy in the biologically inactive disulfide form.

Introduction

Although there is a lot of experimental evidence 

for sex pheromones in marine invertebrates, only 

a few structures have been chemically elucidated 

(Kittredge et al., 1971, Zeeck et al., 1988, 1996, 

1998a,b,c). The chemical nature of these sub­

stances is strongly differing. Uric acid as the sperm 

release pheromone (SRP) of Platynereis dumerilii 
(Zeeck et al., 1998a) and inosine as the main com­

ponent of the egg release pheromone (ERP) of 

Nereis succinea (Zeeck et al., 1998b) belong to the 

family of purine ring systems. The SRP of Nereis 
succinea on the other hand derives from glutathi­

one and is L-cysteine-glutathione disulfide (Zeeck 

et al., 1998c).

In Platynereis dumerilii, the characteristic repro­

ductive behaviour is synchronised by a consecutive 

release of male and female sex-specific phero­

mones. The source is the coelomic fluid of the op­

posite sex (Boilly-Marer, 1974, 1986). In the mo­

ment of detection of a swarming female, achieved 

by chemical signals, males discharge a small sperm

cloud along with the ERP (Boilly-Marer, 1974). 

The ERP stimulates the female to swim fast in nar­

row circles around the sperm cloud, and after a 

short period (up to 10 seconds) the female begins 

to spawn. The emitted egg cloud contains the SRP. 

Fertilisation is achieved by attracted males circling 

around the eggs and discharging great amounts 

of sperm.

Here we report the isolation and identification 

of the ERP of Platynereis dumerilii, present in the 

coelomic fluid of sexually mature males.

Experimental

Sexually mature females and males of Platyne­
reis dumerilii for pheromone identification as well 
as for behavioural bioassays were obtained from 
our laboratory culture according to the method of 
Hauenschild and Fischer (1969). Atoke species 
were collected from the Basin of Arcachon and 
the culture was refreshed yearly. Natural seawater 
(salinity 3.2%) was obtained from the North Sea 
near Helgoland, filtered over charcoal and pas­
teurized by heating to 80 °C for 30 minutes.

Coelomic fluid of males was obtained by care­
fully pressing along the worms with tweezers. Iso­
lation of the ERP was achieved by ultrafiltration 
(Amicon Diaflo membranes) of coelomic fluid 
samples and bioassay-guided fractionation of the 
aqueous filtrate with reversed-phase high-perfor­
mance liquid chromatography equipped with a 
semipreparative column (LiChrospher 100 RP18e, 
lO^xmm, 250x10 mm, Merck), using a gradient 

water/(methanol/water 60/40, v/v), flow 4ml/min. 
The chromatographic purity of the reduced disul­
fide was checked with water isochratic on an ana­
lytical column (LiChrospher 100 RP18e, 5[imm, 
250x4 mm, Merck), flow 0.6ml/min.

The biologically active fraction was eluted be­
tween 3.5 to 4.2 minutes, but the activity decreased 
to zero whilst removing the water. The now biolo­
gically inactive fraction was rechromatographed 
on the same chromatographic system and a new 
compound was eluted after 11.5 minutes (Fig. 1) 
and was assumed as a degradation product of the 

active sample.
Qualitative bioassays were carried out at a tem­

perature of 18-20 °C. Samples were injected with 
a 10|iml microlitre syringe (Hamilton) in front of 
a mature female swarming in a 60ml glass dish 
filled with 40ml pasteurised sea water. The sponta-
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neous release of the coelomic fluid along with the 

eggs represented a positive behavioural response.

Results and Discussion

L-Ovothiol A  disulfide was identified as the de­

gradation product of the ERP of Platynereis dum- 
erilii. The structure was deduced by comparison of 

its 'H-, 13C-, HMBC- HMQC-NMR (Table I), 

ESI-MS- and UV/VIS-spectra, with data pub­

lished in literature (Holler et al., 1989; Palumbo 

et al., 1982; Burgoyne et al., 1991). It was expected 

that the biologically active substance is repre­

sented by L-ovothiol A  (L-l-methyl-4-mercaptohi- 

stidin) and that the disulfide is formed by oxida­

tion of L-ovothiol A.

1 CH 3

S - ^ 2
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Table I. ]H and 13C data of ovothiol A disulfide re­
corded in D20  at ambient temperature with 500 MHz.

13C 'H Position 13C

1 3.56 s 32.7
2 7.78 s 141.0
3 - 131.0
4 - 133.8
5 2.68 dd (7.5) 24.8

2.82 dd (7.5)
6 3.60 t (7.5) 54.1
7 - 173.0

After treating the disulfide with sodiumborhy- 

dride (Palumbo et al., 1982) the highly active re­

duced form of the amino acid was recovered. The 

free amino acid and the active fraction of fresh 

male coelomic fluid showed equal characteristics 

on several chromatographic systems, identical be­

havioural response in bioassays and similar UV/ 

VIS-spectra (Fig. 1).

Recently L-ovothiol A was discovered in eggs 

only, never in male coelomic fluid, of marine in­

vertebrates (Palumbo et al., 1982). Originally the 

structure was incorrectly identified postulating the 

methyl substituent on N-3 position of the imidaz­

ole ring. It was later corrected by Holler et al. 
(1987). Free L-ovothiol A  is proposed to protect 

sea urchin eggs from the oxidative stress, caused 

by the respiratory burst which takes place immedi-

Notes

Figure 1

Fig. 1. a) Chromatogram of male coelomic fluid. Black 
area corresponds to the active fraction, b) Chromato­
gram of the oxidized active fraction from a containing 
the disulfide (black area), c) Chromatogram of the disul­
fide fraction from b after reduction with NaBH4. In ad­
dition UV spectra are indicated.

ately after fertilisation. Sea urchin eggs produce 

extracellular H 20 2 which is used in the construc­

tion of an envelope to protect the early embryo by 

cross-linking tyrosyl residues (Shapiro and Turner, 

1988). Consuming the H 20 2 that crosses the 

plasma membran leads to the formation of the l- 

ovothiol A  disulfide, that is reduced by glutathi­

one. So, L-ovothiol A  can act like a glutathione - 

peroxidase and replaces the function of this en­

zyme (Turner et al., 1988, Saphiro 1991).

But this amino acid seems to have no function 

for sperm cells and, therefore, can accumulate in 

the coelomic fluid of males. This accumulation is 

a precondition for using L-ovothiol A  as a phero­

mone. Thiessen pointed out that a minimised ener­

getical effort is the great advantage of using an 

existing biochemical pathway to form a phero­

mone (Thiessen, 1977).



Notes 1147

We are much obliged to J. Griep-Raming for his 

help in performing the ESI-MS measurements. We 

thank A. Brakenhoff for the maintenance of the

Acknowledgements laboratory culture of P. dumerilii and the German 

Coast Guard for support to obtain sea water from 

the North Sea near Helgoland.

Boilly-Marer Y. (1974), Etude experimentale du com- 
portement nuptial de Platynereis dumerilii Aud. et 
Edw. (Annelida: Polychaeta): Chemoreception, emis­
sion des produits genitaux. Mar. Biol. 24, 167-169.

Boilly-Marer Y. (1986), Sex pheromones in the marine 
polychaete Platynereis dumerilii. In: Advances in In­
vertebrate Reproduction (Porchet M., Andries J. C., 
and Dhainaut A. eds.), Vol. 4. Elsevier, Amsterdam, 
p  494-498.

Burgoyne D. L., Miao S., Pathirana C., Andersen R. J., 
Ayer W. and William A. (1991), The structure and 
partial synthesis of imbricatine, a benzyltetrahydroi- 
soquinoline alkaloid from the starfish Dermasterias 
imbricata. Can. J. Chem. 69, 20-27.

Hauenschild C. and Fischer A. (1969), Platynereis dumi- 
rilii, Mikroskopische Anatomie, Fortpflanzung, 
Entwicklung. Großes Zoologisches Praktikum 10b. 
Gustav Fischer Verlag, Stuttgart.

Holler T. P, Spaltenstein A., Turner E., Klevit R. E., Sha­
piro B. M., and Hopkins P. B. (1987), Synthesis and 
structure reassignment of mercaptohistidines of ma­
rine origin. Syntheses of L-ovothiol A and C. J. Org. 
Chem. 52, 4421-4423.

Holler T. P., Fuqiang R., Spaltenstein A. and Hopkins P. 
B. (1989), Total synthesis of marine mercaptohistid­
ines: Ovothiols A, B, and C. J. Org. Chem. 54, 4570- 
4575.

Kittregde J. S., Terry M. and Takahashi F. T. (1971), Sex 
pheromone activity of the molting hormone crustec- 
dysone on male crabs (Pachygrapsus cassipes, Cancer 
antennarius and Cancer anthonyi). Fish. Bull. 69, 
337-343.

Palumbo A., d’Ischia M., Misuraca G. and Prota G. 
(1982), Isolation and structure of a new sulphur-con- 
taining aminoacid from sea urchin eggs. Tetrahedron 
Lett. 23, 3207-3208.

Shapiro B. M. (1991), The control of oxidant stress at 
fertilization. Science 252, 533-536.

Shapiro B. M. and Turner E. (1988), Oxidative stress and 
the role of novel thiol compounds at fertilization. Bio­
factors 1 , 85-88.

Thiessen D. D. (1977), Thermoenergetics and the evolu­
tion of pheromone communication. In: Progress in 
Psychobiology and Physiological Psychology (Sprague 
J. M., Epstein A. N , eds.), Vol. 7. Acad. Press, New 
York, p 92-183.

Turner E., Hager L. J. and Shapiro B. M. (1988), Ovoth- 
iol replaces glutathione peroxidase as a hydrogen per­
oxide scavenger in sea urchin eggs. Science 242, 
939-941.

Zeeck E., Hardege J. D., Bartels-Hardege H. and Wes­
selmann G. (1988), Sex pheromone in a marine poly­
chaete: Determination of the chemical structure. J. 
Exp. Zool. 246, 285-292.

Zeeck E., Harder T., Beckmann M. and Müller C. T. 
(1996), Marine gamete release pheromones. Nature 
382, 214.

Zeeck E., Harder T. and Beckmann M. (1998a), Uric 
acid: The sperm release pheromone of the marine 
polychaete Platynereis dumerilii. J. Chem. Ecol. 24, 
13-22.

Zeeck E., Harder T. and Beckmann M. (1998b), Inosine, 
L-glutamic acid and L-glutamie as components of a sex 
pheromone complex of the marine polychaete Nereis 
succinea (Annelida, Polychaeta). Chemoecol. 8 , 77- 
84.

Zeeck E., Müller C. T., Beckmann M., Hardege J. D., 
Papke U., Sinnwell V., Schroeder F. C. and Francke 
W. (1998c), Cysteine-glutathione disulfide, the sperm 
release pheromone of the marine polychaete Nereis 
succinea (Annelida: Polychaeta). Chemoecol. 8 , 33- 
38.



Nachdruck - auch auszugsweise - nur mit schriftlicher Genehmigung des Verlages gestattet 
Satz und Druck: AZ Druck und Datentechnik GmbH. Kempten


