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SU M M A R Y

This study  discusses occurrence and  biosynthesis o f m elanins and  indigoids, p igm ents 
w ith indole s truc tu re  produced by  mollusca. Ind igo tin  and  6,6’-dibrom oindigotin (D BI), 
constituen ts of « mollusc purple », are tre a ted  in some detail. Their colourless precursors in 
the organism  are presum ed to  be of d ie tary  origin. The hypothesis is form ulated th a t  fo r­
m ation of D B I is due to  a detoxification m echanism  ; it is suggested th a t  purple-producing 
species have developed it  in to  an enzym atically  controlled defensive system  against large 
predators. This first reaction  step  is then  followed by spontaneously  proceeding reactions 
involving oxygen and , for D B I, light, leading to  th e  form ation of th e  coloured p igm ent, 
which seems to  be of no fu rth er use to  th e  anim al. E xperim ents w ith  purple from th ree 
M editerranean species are reported .
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R É S U M É

Cette étude discute l ’occurence e t la  biosynthèse des mélanines e t indigoides, p igm ents 
à struc tu re  indolique produits par des mollusques. Les indigoides indigotine e t 6 ,6’-dibro- 
meindigotine (DBI), présents dans la «.pourpre des mollusques», son t tra ité s  en plus de 
détail. Les précurseurs incolores p résents dans l ’organism e sont supposés être  d ’origine dié- 
tique. L ’hypothèse est formulée que la form ation  du  D B I est due à  un  m échanism e de 
détoxification, e t que les espèces p rodu isan t la pourpre on t développé ce m échanism e en un 
systèm e enzym atiquem ent contrôlé de défense contre de grands prédateurs. Cette prem ière 
réaction est suivie spontaném ent —  en présence d ’oxygène et, pour le D B I, de lum ière —  
par des réactions produisan ts le p igm ent coloré. Ce p igm ent lui-même ne semble avoir 
aucune valeur pour l’anim al. Des essais sur la pourpre de tro is espèces m éditerranéennes 
sont décrits.

IN T R O D U C T IO N

Two m ain physico-chem ical phenom ena m ay be responsible for colour 
phenom ena in natu re  :

In  the  case of s truc tu ra l colours, also called schem ochrom y, the  coloured 
object does no t contain any  pigm ent or dye responsible for the  colour involved ; 
the visual impression of colour is only the resu lt of purely physical effects such
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as reflection, refraction and /o r interference of light in th in  layers of crystal-like 
structure . E xam ples are : the  colours in the  nacre of H aliotis shells, on the 
feathers of birds and  wings of butterflies. Non-biological exemples are to  be found 
on soap-bubbles and  in the well-known colours of oil spread on w ater surfaces.

Pigm ented objects, however, contain colourants, generally in a form insoluble 
in the  m atrix  containing them . These pigm ents can, by m eans of appropriate  
chemical techniques, be ex trac ted  from the biological m aterial, be purified and 
analysed so th a t  the ir chemical struc tu re  can be inferred.

A large num ber of pigm ents have been isolated from anim als and  plants, and 
are classified according to  th e ir chemical structure . A survey of pigm ents present 
in mollusca can be found in e.g. F o x  (1983). The presen t paper only deals w ith 
indole pigm ents.
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Fig. 1. —  S tru c tu ra l form ulae of com pounds of relevance in th is study.
I, indole base s truc tu re  ; I I , indoxylsulphate (R =  K + : m etabolic indican) ; I I I ,  ty rin - 
d o x y lsu lpha te  ; IV , c h o lin e ; V, sero ton ine  ( =  en teram ine) ; V I, m urex ine 
(=  urocanylcholine) ; V II, indigotin  ; V III, 6 ,6 '-dibrom oindigotin (=  D B I) ; IX , indirubine.

Indole pigm ents are derived from the indole base structu re  (Fig. 1, I). In 
molluscs, tw o m ain groups can be distinguished : the  M E L A N I N S  and  the 
IN D IG O ID S . The indole pigm ents are the  only mollusc pigm ents th a t have 
historically been used by m an because of the ir colouring properties : the m elanin
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from Sepia  was used since A n tiqu ity  as w riting-ink and  as p a in te r’s pigm ent ; and  
the indigoid « mollusc purple » was th e  m ost expensive dye during some 30 cen­
turies. Together w ith the an th raqu inone pigm ents derived from coccid insects, the  
indole pigm ents therefore are unique am ong anim al pigm ents.

F O R M A T IO N  O F  IN D O L E  P IG M E N T S

The biosynthesis of m elanins s ta rts  from tyrosine ; th a t  of the  indigoids from 
tryp tophan . B oth  these arom atic  am ino acids have a partly  common biosynthetic
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Fig. 2. —  Biosynthesis of benzenoid arom atic amino acids.
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pathw ay sta rtin g  from  the  phosphorylated  sugar erythrose-4-phosphate, as 
schem atically shown in Fig. 2. The reactions shown are alm ost exclusively 
restricted  to  p lan ts : apparen tly  (higher) anim als have lost the capacity  to  syn­
thesize these com pounds. Together w ith phenylalanine, another na tu ra lly  occurr­
ing arom atic am ino acid, tyrosine and  try p to p h an  are necessary for the form ation 
of anim al proteins. Therefore, anim als need p lan ts as a d ietary  source of these 
compounds. This applies especially to  try p to p h an  and  to  phenylalanine, th a t  can­
no t be synthesized by anim al tissue ; in contrast, ty rosine can be formed from  
phenylalanine by anim als. For th is reason, try p to p h an  and  phenylalanine are te r ­
m ed « essential » am ino acids, while tyrosine is a « non-essential » one.

This distinction m ay explain the large difference in occurrence between 
m elanins derived from the  non-essential tyrosine, and  the indigoids form ed from  
the essential am ino acid try p to p h an . M elanins are very w idespread am ong 
animals, while indigoids occur verjT rarely in healthy  anim al tissues. Indigotin , 
the m ain represen tative of the indigoids, is in fact a p igm ent of typically  vegetal 
origin ; bu t i t  is also produced from secretions of some molluscs (vide infra).

M E L A N IN S

Melanin is a very common pigm ent in the  anim al kingdom  : the  darker 
colours of hair, skin, feathers, etc. are all m elanins. Absence of m elanin, caused 
by the lack of the  enzym e tyrosinase, leads to  albino forms.

The nam e m elanin stands for a group of polym eric molecules form ed from 
tyrosine, over dopa or dopam ine, by reactions schem atised in Fig. 3, resulting in 
two different p roducts : dopa-m elanin and dopam ine-m elanin. R ecently, D u f f  et 
ál. (1988 : 7112) sta ted  : «A fter years of study , no generally accepted molecular 
structures have been defined for these m aterials ». More details on its ra th e r com ­
plicated form ation are given by P e t e r  and F o e r s t e r  (1989). Eum elanin is the 
deep black product form ed in the cited reaction ; Pheom elanin is the  yellow to 
brown pigm ent m ixture form ed when also the sulphur-contain ing am ino acid 
cysteine partic ipates in the  reaction (cfr. T h o m s o n , 1974), producing non-indole 
chromophores. Allom elanin is a nitrogen-free pigm ent : i t  does no t contain the 
indole group. Consequently, pheom elanins and allom elanins fall outside the scope 
of this paper.

The m ost striking exam ple of melanin in molluscs is evidently  the  so-called 
« ink » of the  cephalopods, contained in the ink-gland of these anim als. This ink- 
gland is well-developed in the  Sepiacea, bu t absent in e.g. the C irrotheutacea. To 
my knowledge, an ink-gland is also lacking in the  N autilidae and  A rgonautidae. 
E x tin c t cephalopods already had  well-developed ink-glands, as is testified by 
some well-preserved fossils still featuring the  dark  colour of the  m elanin : e.g. 
Belemnotheutis from the O xfordian (Malm, Jurassic) of Chippenham  (W o o d w a r d , 
1870 : 186) or Geotheutis bollensis from the U pper-L ias ( F r a a s , 1910 : 184).

Ink  of cephalopods m ay vary  in colour from black over brown to reddish 
(Fox, 1983 : 294). I t  is s ta ted  th a t  one S e p ia  is capable of obscuring 4,500 litres 
of w ater w ith its ink, b u t no definition of the  term  « obscuring » was given 
(G o l d s m i t h , 1950 : 717). Moreover, some deep-sea cephalopods produce no t a 
black, bu t a lum inescent ink (Fox, 1983) of unknow n composition.
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The role of the ink could in tu itively  be assum ed to  be the form ation of a 
visually protective cloud between a p redato r and the  escaping anim al ; however, 
this can hard ly  be the case a t  n igh t or in dark  environm ents. The ink is known 
to contain odorous com pounds th a t  m ay d is trac t predators. A case has been 
reported  of a m oray « eel », searching frantically  in and around an ink cloud, while 
the  cephalopod has already long fled (Fox, 1983).
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Fig. 3. —  Schem atics of m elanin form ation chem istry as understood a t present.

As indicated  by  its  nam e, the  ink has been used by m an for w riting, b u t also 
for m aking a valuable brow n-black p a in te r’s pigm ent known as n sepia ». Still 
today , th is is the  nam e of th is brow n-black colour shade ; it correlates th e  p ig ­
m ent and the anim al (Sepia officinalis) used for its p reparation  in I ta ly  un til
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recently. Only specimens from the A driatic Sea contain the dark  brown pigm ent ; 
anim als from th e  M editerranean Sea or the  A tlan tic  Ocean produce a black ink 
unsuitable for the  production  of the  p a in te r’s p igm ent (V e r n i c o l o r , 1930 : 106). 
Possibly, th is difference m ay be a ttr ib u ted  to  changes in pheom elanin content.

IN D IG O ID S

The indigoids of im portance in the  present s tudy  are indigotin (blue), 6,6’- 
dibrom oindigotin (purple) and, to  a m inor ex ten t, indirubin (reddish).

Surveys of the chem istry of mollusc purple (=  T yrian  purple), and  of the 
history of its use by m an, were given recently  (Z i d e r m a n , 1986. V e r h e c k e n , 
1984. L a m m e n s , 1984) ; th ey  also contain references to  th e  m ain chemical 
literature  on th is m atte r. Ind igotin  m ay be present in very  low to very high con­
centration  in the  « purple » produced by the  different species. The term  « mollusc 
purple » used in this paper refers to  the  (m ixture of) pigm ents (exact com position 
often still unknown) produced from the  secretions of the molluscs ; « 6,6’- 
dibrom oindigotin » (DBI) refers to  the pure chemical com pound.

Species producing m ollusc purple.

F irs t of all, it m ust be em phasized th a t  the  mollusc purple does no t occur 
as such in the  organism  of living molluscs : it is only form ed from the secretions 
produced by the anim al. M uricids have a hypobranchial gland containing the 
colourless precursors, m ainly indoxylsulphate (Fig. 1, II) and  tyrindoxylsu lphate  
(Fig. 1, III) . In  the  reaction  sequence of Fig. 4, the  la tte r  com pounds can be 
transform ed in to  the  insoluble coloured indigoid p igm ent under the  consecutive 
influence of (a) an enzyme, (b) oxygen and (c) light. The enzyme, purpurase, is 
a  su lphatase produced in the  hypobranchial gland b u t kep t a p a rt form the 
tyridoxylsu lphate  under norm al circum stances.

The su lphated  precursors I I  and  I I I  of Fig. 1 have as counter-ion some 
biologically active am ines such as choline (Fig. 1, IV) and  its derivatives (B a k e r  
and D u k e , 1976), serotonine (Fig. 1, V) and m urexine (Fig. 1, VI) ( E r s p a m e r , 
1952 : 256). Some au thors repo rt potassium  as counter-ion in the  M editerranean 
species ; b u t cited am ines have indeed been detected  in these species by other 
authors. This contradiction  m ay be due to  the  ion-exchange steps in the  purifica­
tion procedure, or to  sim ilar effects in the paper-chrom atography used in these 
investigations (e.g. B o u c h il l o u x  and R o c h e , 1955).

However, M urex trunculus has in its hypobranchial gland also (or m ainly, 
cfr. our experim ental results) o ther, unbrom inated  precursors no t containing sul­
phur com pounds. In th e ir reaction sequence (cfr. Z i d e r m a n , 1986 : 49), light is 
not needed, and the  p igm ent produced is the  blue indigotin  w ith possibly some 
reddish indirubin (B o u c h i l l o u x  and R o c h e , 1955 : 2).

Those are the  general lines of the purple form ation in Muricidae. This is not 
the place to  en ter in details of th is  ra th e r  com plicated chem istry ; m oreover, there 
are still some contradictions between the results of different workers. I t  m ust be 
pointed ou t th a t  H igh Perform ance Liquid C hrom atography (HPLC), one of the 
m ost successful analytical m ethods of the last decade, has no t y e t been applied 
to  these problem s. W hen a suitable H PLC  m ethod becomes available, our 
m aterial (vide infra) will be analysed w ith this technique.
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Fig. 4. —  F orm ation  of 6,6 '-dibrom oindigotin  from tyrindoxylsu lphate .

The g reat m ajo rity  of species known to  produce mollusc purple belong to  the 
Muricacea, b u t it has no t ye t been established if all species of this superfam ily, 
or even of the fam ily M uricidae, possess the  precursors. The following species 
have been reported  to  produce mollusc purple (the nom enclature has no t been 
critically reviewed) :

M urex brandaris, 
M . trunculus 
M . cornutus 
Thais haemastoma 
T. lapillus 
T. clavigera 
T. bronni

M editerranean (L a c a z e - D u t h i e r s , 1859)
M editerranean (L a c a z e - D u t h i e r s , 1859)
W est Africa (B a k e r , 1974)
W est Africa (L a c a z e -D u t h i e r s , 1859)
A tlan tic  coast Europe (L a c a z e - D u t h i e r s , 1859)
Ja p a n  (cited in Z i d e r m a n , 1986)
Jap an  (cited in Z i d e r m a n , 1986)
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P. patula 
P. aperta 
Dicathais orbita 
M ancinella bufo 
M . kieneri 
M . distinguenda 
Rapana bezoar 
Oliva bulbosa
0 . paxillus  
M itra  sp. 
Epitonium  sp.

Ocenebra erinacea A tlan tic  coast Europe
Purpura madreporarum  A tlantic

T. savignyi

Gulf of Mexico
Gulf of Mexico
A ustralia
A ustralia
A ustralia
A ustralia
Jap an
A rabian Sea 
Hawaii

Indonesia (W e e , in  litt, t o  Ch a r t e r , 
10.06.1987)
(L a c a z e - D u t h i e r s , 1859) 
(B a k e r , 1974)
(B a k e r , 1974)
(B a k e r , 1974)
(B a k e r , 1974)
(B a k e r  a n d  D u k e , 1973) 
(B a k e r  a n d  D u k e , 1973) 
(B a k e r  a n d  D u k e , 1973) 
(B a k e r , 1974)
(Ch a r t e r , 1987) 
(T h o r s s o n , 1988) 
(ScHIM ELMAN, 1982) 
(ScHIM ELMAN, 1982)

C itations of Jan th ina  sp. m ust p robably  be disregarded : m y te s ts  on 
Janthina jan th ina  from F lorida have shown th a t  the  p igm ent contained in the 
shell is no t an indigoid, as it is destroyed when the  shell is dissolved in cold dilute 
acetic acid ; the  pigm ent secreted by the  hypobranchial gland (F r e t t e r  and 
G r a h a m , 1962 : 562) was no t available for study.

Very recently , species of Oliva have been cited in  th e  lite ra tu re  as producing 
a purple dye when held in the hand : Oliva bulbosa from Om an (Charter, 1987) 
and 0 . paxillus  from H aw aii (T h o r s s o n , 1988). The form ation  of purple by Oliva 
species was fu rther confirm ed by Dr. R . H o u b r i c k , NM NH W ashington (pers. 
comm.) Also species of Coralliophilidae, living com pletely em bedded in coral, m ay 
produce purple sta ins on the hands when taken  ou t of the  coral alive, or leave 
spots in the ir dwelling cav ity  in the coral when left to  d ry  in it  (Dr. C. M a s s i n , 
IR SN B , pers. comm.).

Practical experience with m ollusc purple.

All cited d a ta  can be found in a fairly ab u n d an t literatu re . However, very 
few workers seem to  have had  practical experience w ith mollusc purple. T here­
fore, in june 1987 some experim ents were perform ed in Spain w ith M urex bran­
daris, M . trunculus and  Thais haemastoma. B oth M urex  species were purchased 
from fisherm en in San Carlos de la R ap ita , T arragona province, where the first 
is commercially fished for consum ption, and the second are specimens cap tured  
together w ith o ther m aterial and  used as ba it for fishery. The Thais  species was 
taken  by skindiving, on rocks a t  a depth  of tw o to  th ree m eters a t the  coast of 
the same locality, near the  cem ent factory.

W ith some exercise it  is possible to  m ake a hole in the  shell, near the 
hypobranchial gland, w ithou t sm ashing the whole anim al (The shell is placed, 
aperture  down, on a h a rd  surface and  the  ham m er is directed a t  a spot abou t 
1/4 whorl higher th an  the  aperture). The m aterial o f th is gland was processed in 
two ways :

1. the m antle was cu t open nex t to  the hypobranchial gland, the gland tissue 
was taken  w ith a rough brush  and  brushed open on a w hite cotton  cloth. In  con­
ta c t w ith the air, and  exposed to  light, the  dye is form ed fairly rapidly from  the
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alm ost colourless precursors. For Thais haemastoma, in brigh t sunlight shortly  
after one o ’clock p.m ., th is transfo rm ation  was com plete in 9 m inutes (*).

Results : M . brandaris and  T . haemastoma produce a sim ilar redpurple 
colour ; M . trunculus gives shades vary ing  from alm ost pure blue to  bluish purple.

2. from some tw en ty  anim als the  hypobranchial glands were dissected, 
collected together in abou t 50 ml of seaw ater to  which 3.5 g of sodium chloride 
was added ; th is was m acerated  for tw o weeks a t  am bient tem pera tu re  (based on 
Antique tex ts  ; cfr. V e b h e c k e n , 1984 : 169). A ra th e r dark  liquid was obtained. 
W hen exposing th is liquid to  sunlight, the  p igm ent is form ed ; it  precip ita tes in 
the  liquid and can be collected on a filter. Thus, a m ixture of p roducts is 
obtained, containing rem ains of anim al tissue and  the  pigm ent(s) 6,6’-dibromoin- 
digotin and/or indigotin.

These products are v a t dyes : th ey  can be m ade soluble by  reduction  in an 
alkaline bath , the  soluble leuco-form th u s obtained applied to  tex tile  fibers such 
as wool, and th en  reoxidised in  the  air, form ing the  insoluble p igm ent again. Also 
here, the  experim ent confirm ed the  difference between M . brandaris and 
T . haemastoma on the  one hand  (red-purple), and M . trunculus on the  o ther (blue 
purple.).

These experim ents led to  the  following conclusions :
(a) M . brandaris, the  species generally cited as the  m ain source of A ntique 

purple, yields only a relatively  small am ount of p igm ent a t  th is locality and tim e 
of the  year.

(b) the results of E l s n e r  and  S p a n i e r  (as reported  by Z i d e r m a n , 1986 : 51) 
th a t  in M . trunculus « individual m ales... generally dye blue, while the  femals 
m ostly yield purple », could n o t be confirmed. The tw o anim als th a t  were 
anatom ically checked as to  sex yielded results exactly  con trary  to  E l s n e r  and 
S p a n i e r ’s , bu t evidently  th is m ay no t be understood as a contradiction  of th e ir 
results, because of our extrem ely  lim ited sam ple size. I t  m ust be rem arked here 
th a t  E r s p a m e r  (1952 : 256) found a sim ilar d istinction between M . trunculus 
specimens from the  A driatic sea (m ainly purple) and  the  T yrrhenian  sea (m ainly 
blue). F u rth e r research on th is topic is needed.

Biological role of purple formation.

A m ajor question resulting  from all these observations involves the 
significance to  the  anim al of these dye-producing reactions. The only influence 
the anim al m ay have on these reactions is probably  restric ted  to  th e  first, 
enzym atic, reaction. As long as, in the  hypobranchial gland, the  Tyrin- 
doxylsulphate and  the  purpurase enzym e are kep t separate, no reaction occurs. 
Y et, it  is no t known if the  anim al has any  direct control over bringing together 
precursor and  enzyme, and  thus sta rtin g  th e  reactions. In  fact, th is seems 
im probable because of the  anatom y of the  hypobranchial gland as described by 
L a c a z e -D u t h i e r s  (1859 : 40) a mere layer of oblong cells a t  the  inner side of the  
m antle wall. Presum ably, th is layer of cells grows from the m antle on, and  cells 
are liberated into the  m antle cav ity  a t  the  same rate . Only because of pressure 
(e.g. when the  anim al contracts vigorously) are the  cells m assively liberated. T hey

(*) This transform ation  sequence will be illustrated  in colour photographs elsewhere 
(V e r h e c k e n , 1 9 9 0 ).
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contain a granulated  m a tte r ; when liberated, th e  cells bu rst open by mechanical 
or osm otic pressure, and  their content is dispersed into the mucus (L a c a z e - 
D u t h i e r s , 1859 : 40).

These observations were la te r refined by the histological work of B e r n a r d  
(1890 : 297), who found a well-developed innervation  in the  gland, suggesting a 
role in perception.

I t  has been observed th a t  in w ounded or dying anim als purple is form ed, so 
th a t  the  separation  precursor-enzym e m ust be lost. Dead M . brandaris 'and 
M . trunculus, as found in fisherm en’s nets drying in M editerranean harbours, 
show a purple to  bluish spo t near the  aperture. The fisherm en from San Carlos 
de la R ap ita , Spain, call th is  the  « m enstruation of the shell ». A case was reported  
of a fisherm an from th a t  locality who uses the anim als of M . trunculus for bait, 
and to  th is end ex trac ts  th e  anim als from th e ir shell by m eans of his tee th  : he 
has his lips coloured blue-purple (B r u n e t  N a v a r r o , pers. comm.), caused by  the 
mucus of the trau m atised  anim als.

In order to  obtain  some insight into this problem , we consider in Fig. 5 the  
ne t resu lt of the  reaction  sequence of Fig. 4. F rom  its  own resources the  organism  
uses for these reactions only the  precursor(s) (tyr)indoxylsulphate in ion-pair w ith 
choline-related am ines ; th ereb y  are produced free cholinesulphate, 
dim ethyldisulfide, and the  pigm ents D BI and/or indigotin.

H

1. ENZYME

CHOLINESULPHATE

2. OXYGEN
CH3 SSCH3  ; CH3 SH

3. LIGHT

o

o
Fig. 5. —  N et resu lt of the  purple-producing reactions of Fig. 4.
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The biological effect o f these pigm ents is unknow n. The significance of 
dim ethyldisulfide and  m ethylm ercaptane, which is easily form ed from  th e  di­
sulfide by reduction, is no t docum ented ; the last has no effect on experim ental 
anim als ( J u l l i e n  et al., 1941a : 1636). In teresting ly , also in some p lants (e.g. 
onion, garlic), related  com pounds are only form ed enzym atically when the cells 
are crushed (Kallio et al., 1989 : 174). The only products form ed by th is reaction  
sequence th a t  m ight be of any  biological use to  the  anim al are the  liberated  sul­
phates of choline, serotonine (=  enteram ine), or related  amines. Serotonine is a 
vasoconstrictor which also plays a role in neurotransm ission ; its chemical s tru c ­
tu re  is very close to  th a t  of hallucinogens like bufotenine (from the skin of toads) 
and psilocin from Psilocybe mexicana H e i m , the  « sacred mushroom  » of Mexico.

I t  has been shown ( J u l l i e n , 1948a : 10) th a t  ex trac ts  from  the
hypobranchial gland of M . trunculus can be lethal when injected in e.g. fish. 
However, it  was also shown ( J u l l i e n , 1948b : 102) th a t  there  is no effect when 
the molluscs, even w ith broken shell, are p u t in the  w ater in which fish are swim ­
ming. So, there is no biological effect when these am ines are diluted in seaw ater.

However, Purpura patula pansa  from W estern central America and P. patula  
from the  Caribbean do produce, when captured, a mass of foam y mucus th a t  soon 
colours purple. We experienced th is  a t  B arbados ; and the  Ind ians of Oaxaca, 
Mexico, used this for dyeing cotton  th reads purple by passing them  through the 
m ucus (G e r h a r d , 1964). Sim ilar observations were reported  recently  by Ch a r t e r  
(1987) who held cap tured  Oliva bulbosa from D ubai in his hand  for some tim e : 
th is resulted in a purple spot and  an anaesthesized area on his hand. Also 
T h o r s s o n  (1988 : 5) reports the  form ation of purple by cap tured  anim als of Oliva 
paxillus in H aw aii and/or the  Solomon Islands.

These argum ents m ight indicate th a t  the  liberated amines have a defensive 
role (repulsion of predator) ra th e r th an  an offensive one (paralyzing of prey).

A nother explanation for the liberation of choline-like sulphates has been 
suggested : the ir use as a source of « acid su lphate », possibly useful in the  boring 
of calcareous shells of prey. M uricids possess an accessory boring organ ( F r e t t e r  
and G r a h a m , 1962 : 511) used a lternating ly  w ith the radula, and for which also 
some chemical action has been suspected, bu t no t proven. As tQ the 
hypobranchial gland, it is no t clear how the anim al could d irect its secretion to  
the  spot to  be bored. M oreover, since choline and the related  am ines are strong 
bases, the ir (bi)sulphates cannot have strong acid properties and, consequently, 
m ust be ra th e r inactive in dissolving calcium carbonate. So, th is possibility is 
fairly im probable.

On the o ther hand, D u b o is  (1909, cited by Jullien, 1948b) suggested th a t, 
after m echanically boring the  shell of bivalves, the anim al in troduces the 
hypobranchial m ucus in to  the  bivalve, thereby  paralysing the  adducto r muscles 
and  th u s opening th e  valves for consum ption of its soft parts . This hypothesis 
could no t be experim entally  verified on M ytilus  and Tapes ( 'J u l l i e n , 1948b : 
103).

A last explanation  for th is ra th e r com plicated chem istry is th a t  it only acts 
as a detoxification m echanism , by elim inating (brom inated) indoles (as already 
suggested by D r i e s s e n , 1943), choline or re la ted  com pounds, and  sulphur com ­
pounds. In  this context it  is in teresting to  rem ark th a t  the m olar concentration 
of chlorine in sea-w ater is abou t 660 tim es higher than  th a t  of brom ine 
(calculated from d a ta  in Encyclopedia B rittan ica , 15th edn. 1984, 16 : 193). Syn-
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thetic  6,6’-dichloroindigotin has the  same purple colour as has 6,6’-dibromoin- 
digotin (S a d l e r , 1956 : 317), b u t the  first product, or a precursor of it, has no t 
ye t been dem onstrated  in molluscs. This could be in terp re ted  as confirm ation of 
a detoxification m echanism  for the hightlv  diluted, b u t probably  biologically 
unw anted, brom ine derivatives. However, the fact th a t  M . trunculus produces 
mollusc purple containing m ainly indigotion w ith only a m inor p a rt of the 
brom inated  pigm ent com plicates th is picture.

For the  sake of com pleteness, it  m ust be m entioned th a t  F i s c h e r  (cfr. 
F i s c h e r , 1950 : 180) th o u g h t the  gland m ust have some role in the  reproductive 
biology of Nucella , by  causing aggregations of anim als a ttra c te d  by the  odour of 
the hypobranchial gland secretions ; b u t th is was no t widely accepted ( F r e t t e r  
and G r a h a m , 1962 : 122).

Origin of precursors.

All th is brings us to  the  question of the origin of the  tyrindoxylsu lphate. The 
unbrom inated  indoxylsulphate (Fig. 1, I I  ; m etabolic indican) is synthesized from  
try p to p h an  (Fig. 6) by  vegetal m icroorganism s, e.g. th e  in testinal flora of m am ­
mals. This m ay explain the  presence of indigotin in the  p igm ent from M . trun­
culus.

COOH

tryptophan indole

tyrindoxylsulphate

i,6'-dibromoindigotin
(purple)

indoxylsulphate

indigotin
(blue)

Fig. 6. —  Schem atic form ation of indigoid pigm ents from tryp tophan .
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The brom inated  derivative, ty rindoxy lsu lphate  (Fig. 1, I I I ) , w ith  the  B r in 
the  6-position of the  indole com pound, presents a problem . I am no t aw are of 
brom inations of indole com pounds in anim al organisms. B rom inated  indoles have 
been found in sponges (T y m ia k  and  R i n e h a r t , 1985) and in species of A plysia  
(S c h m it z  et al., 1982) : it is agreed th a t  these products are secondary m etabolites 
of the anim als, who acquired them  from their vegetal d iet of e.g. algae.

For the species of Muricidae, Olividae, etc. known to  produce purple, th is  is 
no explanation : to  m y knowledge, these anim als are carnivorous, so th a t  the  
presum ption of secondary m etabolites m ust be discarded. Are these cases exam ­
ples of te rtia ry  m etabolites, or are vegetal sym bionts present in these molluscs ? 
The real na tu re  of the  granules in the  hypobranchial cells has no t ye t been d e te r­
mined : they  m ay sim ply have some role in th e  production of the  m ucus, b u t 
they  m ight be crystals or micelles of ty rindoxylsu lphate , or even vegetal sym ­
bionts. The la tte r  hypothesis, however, is unlikely since light cannot pene tra te  
onto th e  hypobranchial gland and  its  possible sym bionts so th a t, if they  exist a t 
all, these should be of another n a tu re  th an  e.g. the  Zooxanthella in the m antle 
of Tridacna  species. P ho tosyn thetic  vegetal sym bionts producing brom oindoles 
have been suggested for sponges (D j u r a  et al., 1980 : 1438) ; b u t th e  absence of 
light leaves practically  only bacteria  as possible (hypothetical) sym bionts in the  
hypobranchial gland. Also th is topic needs fu rth er research.

I t  m ust be pointed ou t th a t  6-brom oindoles are very  rare in na tu re . Also, 
chemical (non-physiological) brom ination  of indoles produces 5-Br, 7-Br or 5,7- 
dibrom o com pounds, b u t no t 6-Br. B o u c h il l o u x  and R o c h e  (1955 : 18) failed 
to  produce tyrindoxylsu lphate  by brom ination of indoxylsulphate.

Most bromoindoles isolated so far from m arine organism s have the B r in 5- 
or 7- position ; very few have i t  also, or exclusively, in the  6-position. I have no 
d a ta  on biochemical brom ination  of indoles ; m ost p robably  the brom ination 
occurs before the indole cyclisation. As s ta ted  by T y m ia k  and R in e h a r t  (1985 : 
1044), « th e  brom oindoles ... appear to  be b iosynthetically  re la ted  as a lte rna tive  
m etabolites of try p to p h an . However, the  regiospecific brom ination  p a tte rn s  
appear to  preclude a common brom oindole precursor and  suggest divergent 
biosynthetic pathw ays ... ».

The fact th a t  B o u c h il l o u x  and R o c h e  (1955 : 18-19) could no t de tec t 6-Br- 
try p to p h an  in the  hypobranchial gland of M editerranean M uricidae is one more 
indication th a t  ty rindoxylsu lphate  is no t form ed in the  molluse nor in h y p o th e ti­
cal sym bionts in its hypobranchial gland, b u t has a d ie tary  origin.

Reports on purple produced by other molluscs.

In teresting  d a ta  on Cassidaria echinophora from the  A driatic Sea were 
already given by O l i v i  (1792 : 303). This species has, like m any o thers, a 
hypobranchial gland sim ilar to  th a t  of M uricidae (L a c a z e -D u t h i e r s , 1859 : 53). 
O l i v i  sta tes th a t  th e  anim al, when d isturbed, produces a  q u an tity  of colourless 
viscous mucus th a t, however, does n o t tu rn  into purple. Only when the  anim al 
in its shell is heated, the viscous m ucus becomes fluid, and develops a purple 
colour. A lthough I could no t experim ent on th is species, the  following explanation 
is here proposed : the m ucus of C. echinophora m ay also contain ty r in ­
doxylsulphate, b u t no t th e  enzym e purpurase, so th a t  the  first reaction of Fig. 4 
cannot s ta rt. Tyrindoxylsulphate is unstable in hea t ( J u l l i e n , et al., 1941) and  
in acid medium  (B o u c h il l o u x  and  R o c h e , 1955 : 10). On heating, the  anim al
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probably  exudes its  salivary  secretions known to  contain 3 %  sulphuric acid 
( F a e n g e , 1984), which decomposes the precursor to  tyrindoxyl, th a t  fu rther 
reacts w ith form ation of mollusc purple. Acid hydrolysis of the mucus polym eric 
struc tu re  would also explain its  loss of viscosity on heating.

Also other species of m ollusca have been cited as producers of purple : 
species of E pitonium  (confirmed by Dr. S. K o o l , MCZ Cambridge, USA, pers. 
comm.), Arca  (O l i v i , 1792 : 156), M itra  (S c h im e l m a n , 1982), ..., b u t insufficient 
inform ation is available on th is subject, especially on the  chemical na tu re  of these 
pigm ents.

Hypothesis on the biological role of the formation of m ollusc purple.

Based on the facts cited above, the  following hypothesis is proposed :
The presence of the  brom inated  precursors in the hypobranchial gland points 

to  a detoxification m echanism  for elim inating brom oindoles from —  as ye t 
unspecified — d ie tary  origin. This mechanism m ay well be presen t also in several 
o ther groups of m arine molluscs w ith a diet sim ilar to  th a t  of e.g. muricids. Only 
some groups (Muricidae, Olividae, etc.) have developed a su lphatase enzyme (pur­
purase) enabling them  to  use th is  detoxification m echanism  also as a defensive 
system  by  liberating biologically active amines (choline, serotonine, ...) from the 
colourless precursors. The form ation of the  mollusc purple after th is first, 
enzym atic, reaction is of no use to  the  mollusc ; it  is bu t a mere a rtifac t 
a ttrib u tab le  to  a ra th e r coincidental com bination of non-biochem ical reactions 
evolving spontaneously in the  circum stances available, according to  the laws of 
organic chem istry.

The fac t th a t  M . trunculus has only very few brom inated  com pounds p rac ti­
cally contradicts th is hypothesis, unless we assum e th a t  the  purpurogenic 
pathw ay of th is species is an  evolutionary branch derived from the one here 
presented.

Also, the production of purple by species of Caralliophilidae living com pletely 
em bedded in coral and  com pletely pro tected  against p redato rs by  bo th  the hard  
skeletons and nettle  cells of th e  coral, is no t d irectly  in keeping w ith the  proposed 
hypothesis, since there  seems to  be no need of a supplem entary  defensive sÿstem . 
Possibly, the  em bedded Coralliophilidae are an evolu tionary  branch derived form 
the free-walking species of th is family, and th ey  re ta ined  the  defensive system  
they  shared w ith the  free-walking species.

Clearly, m uch m ore research is still needed in order to  shed some light on the 
rem aining problems.

A D D E N D U M  

S u p p lem e n ta l lis t of p u rp le -p ro d u c in g  species

The following list was compiled by  D r S. K ool (MCZ), who kindly m ade it  available 
for publication in th e  present paper. The list contains some species already m entioned 
earlier in the paper, b u t th ey  are included here as confirm ation of published d a ta .

D uring his anatom ical work on species o f Muricoidea  (especially Thaidinae) Dr. Kool 
found purplish  colour production  by living specimens of :
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D rupa morum  
Vexilla vexillum  
Plicopurpura patula  
Dicathais orbita 
Nassa serta 
Cronia amygdala 
Neorapana muricata 
Stramonita haemastoma 
Mancinella alouina 
Nucella lappilus 
M orula uva 
Morula nodulosa 
Morula granulata 
Drupella cornus

On specimens preserved in alcohol. Dr. Kool observed traces of purple on specimens
of :
Concholepas concholepas 
Purpura persica 
Thais nodosa 
Vasula melones 
« Thais » kiosquiformis

Special thanks are due to  Dr. S. Kool for perm ission to  use his da ta .
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F. Ch a r t e r  (Lee- on- Solent, England) for m aterial and inform ation on the p u r­
ple of Oliva bulbosa ; to  Dr. C. M a s s in  (Recent inventebrates section, IR SN B , 
Brussels) for inform ation on the  purple of Coralliophilidae ; Dr. R . H o u b r ic k  
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