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S T U D I O R U M  P R O G R E S S U S  

The Integumental Pigment  of Asellu$ 

By A. E. NEEDHkM and P. C. J. BRUNET* 

The b o d y - p i g m e n t  of t h e  i sopod  c r u s t a c e a n  3selht.s 
aquaticus Linn . ,  u s u a l l y  c o n s i d e r e d  to  b e  a m e l a n i n ,  is 
known to  t u r n  r ed  a f t e r  d e a t h L  Th i s  c o l o u r - c h a n g e  also 
occurs a f t e r  c e r t a i n  c h e m i c a l  t r e a t m e n t s  2. W e  h a v e  
noticed, f u r t h e r ,  t h a t  t h e  p o s t - m o r t e m  red  co lou r  be- 
comes b r o w n  once  more  on  e x p o s u r e  to  air,  t h e  colour-  
change b e i n g  a r eve r s ib l e  o x i d a t i o n - r e d u c t i o n  r eac t ion .  
This c h a n g e  r e s e m b l e s  t h e  b e h a v i o u r  o{ x a n t h o m m a t i n  3, 
the bes t  k n o w n  of t h e  ' o m m o c h r o m e s ' - - s h o w n  to  be  a 
group of p h e n o x a z o n e - p i g m e n t s .  T h i s  r e s e m b l a n c e  h a s  
been f u r t h e r  i n v e s t i g a t e d .  

Experimenlal . - -Specimens of Asellus were o b t a i n e d  in 
q u a n t i t y  f rom local  wa te r s ,  a n d  a f t e r  w a s h i n g  were  
finely g r o u n d .  T h e  c a r o t e n o i d s  ~ were  r e m o v e d  b y  g r i n d -  
ing wi th  r e p e a t e d  c h a n g e s  of ace tone .  M a t e r i a l  p r e p a r e d  
in this  w a y  was  used  i m m e d i a t e l y  for  e x t r a c t i o n  of t h e  
body -p igmen t ,  w h i c h  d e t e r i o r a t e s  in  s to red  m a t e r i a l .  I t  
was m o s t  r e ad i l y  e x t r a c t e d  w i t h  m e t h a n o l i c  HC1 
(methano l  c o n t a i n i n g  1% HC1 w e i g h t / v o l u m e ) ;  b u t  10//o 
(W/V) a q u e o u s  HCI was  gene ra l l y  used,  s ince  i t  p e r m i t t -  
ed easier  p r e c i p i t a t i o n  of t he  r e d u c e d  fo rm of t he  pig-  
ment,  s u b s e q u e n t l y ,  for  p u r p o s e s  of pu r i f i ca t ion .  T h e  
calcium c a r b o n a t e  of t h e  e x o s k e l e t o n  was d i s so lved  o u t  
in the  process ,  n e u t r a l i s i n g  some  of t h e  acid,  a n d  t h e  
p igment  cou ld  t h e r e f o r e  be  o b t a i n e d  in a v e r y  w e a k l y  
acid so lu t ion .  P r o t e i n s  were  r e m o v e d  b y  s h a k i n g  t h e  ex-  
t ract  w i t h  a 9 : 1 m i x t u r e  of c h l o r o f o r m  a n d  a m y l  alcohol .  

A s a m p l e  of x a n t h o m m a t i n ,  k i n d l y  supp l i ed  b y  Prof .  
BUTENANDT, VeaS a v a i l a b l e  for c o m p a r i s o n .  

Results.--Chemical Properties.-- The so lu t i on  of t h e  
pigment ,  in  1°//o a q u e o u s  or m e t h a n o l i c  HCI, go lden  in 
colour, t u r n e d  p i n k  on  r e d u c t i o n  w i t h  s o d i u m  d i t h i o n i t e ,  
sulphur  d iox ide  a n d  o t h e r  r e d u c i n g  agen t s ,  p r o v i d e d  t h e  
pH was a d j u s t e d  to  t h e  r a n g e  4-6 ,  b y  d i l u t i o n  or  p a r t i a l  
neu t ra l iza t ion .  A f ine p r e c i p i t a t e  fo rmed ,  a g g r e g a t i n g  
slowly to  a b r i l l i a n t  c r i m s o n  flock, a n d  l e a v i n g  a colour-  
tess s u p e r n a t a n t .  I n  more  c o n c e n t r a t e d  ac id  t h e  co lour  
remained a deep  t a n g e r i n e  a n d  no  p r e c i p i t a t e  was  fo rmed .  
The c r imson  p r e c i p i t a t e  was  reso lub le  in  m e t h a n o l i c  
HCI and  in p h o s p h a t e  bu f f e r s  of p H  7.0 or  h igher .  T h e  
pigment  r eox id ized  in t h e  process ,  a n d  in a lka l ine  phos -  
phate  i t  b l e a c h e d  r a t h e r  r a p i d l y  to a pa le  yel low p i g m e n t ,  
which no  longe r  h a d  r e d o x  p rope r t i e s .  T h e s e  p r o p e r t i e s  
compare c lose ly  w i t h  t hose  of x a n t h o m m a t i n  3. 

Some of t h e  p i g m e n t  was  e x t r a c t e d  b y  w a t e r  alone,  
from h o m o g e n i z e d  m a t e r i a l ,  a n d  c o n s i d e r a b l e  a m o u n t s  
by 10% (W/V)  a q u e o u s  urea ,  a n d  b y  e t h y l e n e  ch lor -  
hydrin 4. 
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Crys ta l s  fo rmed ,  o n  s t a n d i n g ,  in  s o l u t i o n s  of t h e  pig-  
m e n t ,  red i sso lved  in m e t h a n o l i c  HCI a f t e r  p r e c i p i t a t i o n  
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Fig. I. Absorption spectra of (1) oxidized form in N-HCI alld (2) 
reduced form in amyl alcohol, of the ommochrome (K Asdlus-integ- 

ument, and {8) of xantholmuatin (Bt~TENANDT) in 0-1N-HC1. 

A-Range: 300 500 m¢~; //-Range: ~200-400 roll ; solutions diluted 
g >: with the solver~t. 
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in the  r educed  form.  These  were  b i ref r ingent ,  ber ry-  
like clusters  of she r ry -b rown  crystals ,  s imi lar  to  those  
descr ibed b y  BUTENANDT et al. ~, and  were  resoluble  on 
add i t ion  of more  m e t h a n o l i c  HCI. 

Absorption spectra.--The abso rp t ion - spec t r a  of t he  
oxid ized  and  reduced  p igmen t ,  in n o r m a l  aqueous  HCI 
and  in a m y l  a lcohol  r e spec t ive ly ,  a r e  r ecorded  in F igu re  
1. T h e  ox id ized  f o r m  h a d  a b s o r p t i o n - m a x i m a  a t  250, 
380, and  465 rag,, a n d  t h e  r educed  fo rm a t  280, 385, and  
490 m# .  T h e  r e l a t ive  m a g n i t u d e s  of  t he  th ree  peaks  and  
the i r  a p p r o x i m a t e  pos i t ions  c o m p a r e  w i t h  those  of 
x a n t h o m m a t i n  (Fig. 1) ~ and  of o the r  p i g m e n t s  w i t h  
s imi lar  chemica l  proper t ies  ~. T h e  precise  pos i t ions  v a r y  
s o m e w h a t  in d i f fe ren t  o m m o c h r o m e s  ~, and  t h e y  also 
v a r y  wi th  t he  na tu re  of the  med ium,  
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Fig. ~.--Absorption spectra, in the visible range, of Asellus-ommo- 
chrome in different concentrations of H2S04: (1) 10%, (2) 55%, 

(3) 77.5%. 

Thus  the  pos i t ion  of t he  a b s o r p t i o n - m a x i m u m  of the  
ox id ized  Asellus-pigment, in t he  vis ible  region of the  
spec t rum,  was m o v e d  to a p rogress ive ly  longer  wave-  
l eng th  b y  increas ing  concen t r a t i ons  of HG1, and  the  
colour  of t he  solut ion b e c a m e  m o r e  orange.  On  the  con- 
t r a r y  t he  presence  of m e t h a n o l  in t h e  so lven t  caused a 
shif t  of t h e  m a x i m u m  towards  a shor te r  wave - l eng th ,  
and  the  so lu t ion  b e c a m e  more  lemon-ye l low.  

The  p i g m e n t  was also e x t r a c t e d  b y  d i lu te  su lphur ic  
acid  of 4% ini t ia l  concen t ra t ion .  W i t h  inc reas ing  concen-  
t r a t i o n  of th is  acid t h e  co lour  of t he  solut ion showed  t h e  
same  reddening,  and  shi f t  in spec t ra l  absorp t ion ,  as t h a t  
in HC1. In  concen t r a t ions  of su lphur ic  acid g rea t e r  t h a n  
40%,  a v io le t  co lour  was de t ec t ab l e  ( the ' h a loch romie '  
Of BECKER v, and  this  c o m p l e t e l y  rep laced  t h e  o range-  
red cotour  a t  a c o n c e n t r a t i o n  of 70% H2SO 4. F i g u r e  2 
shows the  absorp t ion  spect ra ,  in t he  vis ible  range ,  of t he  
p igmen t  in increas ing concen t r a t i ons  of H2SOv The  
single peak  a t  465 m/ ,  was replaced  b y  two  peaks,  

T. W. GOODWIN and S. SRISUKH, Biochem. J. 47, 549 (I950). - 
L. SCtlWlNCK, Naturwissenschaften ~0, 365 (1953); Zool. Anz. 19, 
Supplementband, 71 (1956). 

6 I. SCHWXSCK, ZOO1. Ariz. 19, Supplementband, 71 (1956). 
7 E. DECKER, Naturwissenschaften 29, 0.37 (1941). 

r e spec t ive ly  a t  a shor te r  and  a t  a longer  wave- length  s, 
and these  m o v e d  progress ive ly  f a r the r  a p a r t  as the  con- 
c en t r a t i on  of acid  was increased.  Solu t ions  in concen- 
t r a t e d  su lphur ic  acid  changed ,  in one to  t w o  days  to a 
d a r k  b r o w n  colour,  and  t h e  abso rp t ion  s p e c t r u m  then 
showed no peaks  in t he  vis ib le  range.  

Chromatography.--No c o m p l e t e l y  sa t i s f ac to ry  solvent- 
m i x t u r e  for p a r t i t i o n  pape r  c h r o m a t o g r a p h y  was  devis- 
ed. Coll idine s a t u r a t e d  wi th  M/2 KH~PO,  3, was  tr ied,  but 
in i t  b o t h  the  Asellus-pigment a n d  x a n t h o m m a t i n  faded 
bad ly .  Aqueous  solu t ions  of urea,  and  of sod ium all- 
h y d r o g e n  phospha te ,  e i the r  alone,  or  mixed ,  were  found 
to  be fa i r ly  sa t i s fac tory .  The  best  resul ts  were  obtained 
us ing W h a t m a n  3MM paper  w i th  O.05M NaH~PO4, in 
which the  RE va lue  of x a n t h o m m a t i n  was 0.23, and with 
a 0-05 M NaH2PO 4 so lu t ion  con ta in ing  5 M urea,  in which 
the  RF va lue  was 0"61. The  Asellus-pigment m o v e d  chro- 
m a t o g r a p h i c M l y  v e r y  like x a n t h o m m a t i n ,  and the  main 
ye l l ow  spo t  of b o t h  c h r o m a t o g r a m m s  was reversibly 
reduced  by  SO~-vapour  to  t he  c r imson  form.  

Alkaline Hydrolysis.--The Aselhts-pigment showed 
the  same reac t ions  as x a n t h o m m a t i n  w h e n  hydrolyzed 
wi th  alkali .  As i t  d issolved in N - N a O H .  i t  was rapidly 
b leached  but ,  a f te r  h e a t i n g  for 2 h o n  the  water-bath,  
had  become  a deeper  yellow. The  so lu t ion  was then 
acidif ied wi th  HC1 to p H  3, and  shaken  w i t h  n-butan01. 
The  uppe r  phase  was  washed  w i t h  0 .1N-HCt ,  and ap- 
plied,  w i t h  concen t ra t ion ,  to  W h a t m a n  No.  1 paper  for 
p a r t i t i o n - c h r o m a t o g r a p h y ,  us ing as so lven t  t h e  upper 
phase  of a m i x t u r e  of n -bu t ano l ,  ace t ic  acid  and  water, 
in ra t io  4 : 1 : 5 .  Af t e r  c h r o m a t o g r a p h y ,  th ree  areas, 
f luorescent  in U.V.,  were  a p p a r e n t  on t h e  paper :  a 
s t r eak  of RF va lue  0-05 to  0.35, a well  m a r k e d  spot,  R~ 
0.56, which  f luoresced blue,  and  a la rger  spot ,  RF 0-90. 
Such a p a t t e r n  of spots  was o b t a i n e d  by  BUTENA~DT et 
al. 9 b y  c h r o m a t o g r a p h y  of h y d r o l y z e d  xantholnmat in .  
T h e  two  f a s t e r -mov ing  spots  were  c o m m o n  also to 
a lkal ine  hyd ro ly sa t e s  of r h o d o m m a t i n  and  of 3-hydroxy- 
kynuren in ,  a p recursor  of t he  o m m o c h r o m e s .  The  spot 
of R F va lue  0.56 was considered to r ep re sen t  xanth- 
urenic  acid, a d e g r a d a t i o n - p r o d u c t  of x a n t h o m m a t i n  and 
o the r  phenoxazones  x0. 

Discussion.-Xanthommatin has been  isolated from 
two sources H, fu l ly  cha rac t e r i zed  and  synthesized. 
Cer ta in  p igmen t s  in o the r  an imals  ~ are  v e r y  similar 
t h o u g h  poss ibly  no t  identical% The  i n t egumen ta l  pig- 
m e n t  of A sellus clear ly  belongs  to  this  group.  

Acid  m e t h a n o l  e v e n t u a l l y  ex t r ac t s  all the  colour  from 
the  i n t e g u m e n t  of Asellus, and  the re  is no reason to 
be l ieve  tha t ,  w h e n  fresh, t h e  so lu t ion  con ta ins  significant 
a m o u n t s  of o the r  p igments .  GOODWIN and  SRISUKH s, 
and  SCHV¢INK 13, also be l i eved  t h a t  t h e y  were  dealing 
w i t h  a single n a t i v e  p igmen t ,  t he  l a t t e r  notwithstanding 
the  v a r i e t y  of co lour  a m o n g  t h e  ch romatophores  of 

s T. W. GooowI~ and S. SRISUKH, Biochem. J. 47, 549 (1950). 
9 .A. ]3UTENANDT, V. SC;~IIEDr, and E. B,SKEeT, Liebigs Ann. 

Chem. 586, 229 (1954b). 
lo A. BUTE~A~'DT, U. SeinED% and E. BIEnERT, Liebigs Ann. 

Chem. 586, 229 (1954b). - A. BUTENANDT, U. SCmEDT, E. BICKER% 
and R. J. T. CROMARTIE, Liebigs Ann. Chem. 590, 75 (1954e). 

11 A. BUTENAlqDT, U. SCHIEDT, E. BIEKEI4T, and P. KORNMANN, 
Liebigs Ann. Chem. 586, 217 (1954a). - A .  BVTEt;ASDT, U. ScmEvT, 
and E. BmKERT, Liebigs Ann. Chem. 586, ~ 9  (1954b). - A. BCT~- 
~MCDT and G. NEUBERT, Z. physiol. Chem. 301, 109 (1955). 
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Sepia. However  two other  pigments appeared in aged 
extracts of the Sepia pigment ;  one was identified 8 with 
rhodommatin, a second ommochrome ext rac ted  by 
BOTENAI~DT et al. ~ from the excreta of Vanessa. GOOD- 
WIN and SRISUKH s produced a pigment  with similar 
properties on extract ion of locust tissues with N - N a O H .  
On standing a similar material  appears also, in solutions 
or suspensions of both  reduced and oxidized forms of the 
A sellus-pigment.  This ar tefact  is a dark red-brown 
substance, stable in alkali (thus unlike xanthommatin) ,  
soluble in phosphate  buffers of pH  7-0 or higher, and 
precipitable by HC1 at  pH  2.0. I t  does not  show the 
easily reversible redox cotour-change of xan thommat in ,  
but is oxidized to a yellow solution by  such strong 
oxidizing agents as hydrogen peroxide and sodium 
nitrite 6. A fur ther  artefact,  of a purple to violet  colour, 
was regularly produced. I t  became firmly bound to the 
'flesh' of Aseltus during extract ion of the p igment  from 
the chromatophores, and to filter papers during filtra- 
tion. I t  had certain of the properties of ommat in  C 3. 

Although in A sellus there appears to be only the one 
native pigment,  in the terrestrial  isopod, Porcellio scaber, 
there is, in addit ion to the xanthommat in- l ike  pigment, 
another which is also extracted as a yellow solut ion by 
methanolic He1, but  has no redox properties. Porcellio 
has both brown and golden chromatophores but  these 
do not appear to correspond respectively to the two 
pigments extracted,  since both cells are reduced to the 
same crimson colour, just  as the pigments of the three 
chromatophores of Sepia la. HOXVARD TM concluded tha t  
the two differently coloured chromatophores of another 
woodlouse, Armad i l l i d ium vulgare, are due to distinct 
pigments, and both this and the polychromatism of 
Jaera (BocQuET As) meri t  further  investigation. The 
overall colour of woodlice is not  entirely due to their 
integumentary pigment.  Al though the overlying exoskel- 
eton is quite  colourless, notwi ths tanding the s tatements  
of KAULBERSZ s, i t  is probably responsible for the bluish 
tinge (Tyndall effect) of thick shelled forms such 
as Porcellio and Armad i t l i d ium.  Again, the red of 
A ndroniscus is due mainly  to a pigment  in the body- 
fluid; hydrogen peroxide does not  oxidize this pigment 
to a yellow colour, so tha t  it may  not be an ommo- 
chrome". 

BECKER 7 had already given some indication of the 
widespread occurrence of ommochromes in the integ- 
ument and eyes of arthropods, and the known range 
of distribution has since been considerably extended. 
We have found the xanthommat in- l ike  pigment also in 
the in tegument  of the marine isopod, Ligia  and the 
myriapod Ju lus  scandinavius.  

Previously the body-pigment  of Asellus xs and of 
Sepia 13 and other  ommochrome pigments ~7 have been 

14 H. W. HOWARD, J. Genetics 51, o~59 (1952). 
15 C. BocQv~T, Arch. Zool. exp. gen. 90, 187 (1953). 
1~ E. BALDWIN and R. A. BEATTY, J. exp. Biol. 18, 136 (1941). - 

A. E. NEEDItAM, Nature 164, 177 (1949). 
17 A. BUTENANDT, U. SCHIEDT, E.  ]~IEKERT, and P. KORNMANN, 

Liebigs Ann. Chem. 586, 217 (1954a), - E.  BEeKER, Naturwissen-  
sehaften ~9, 237 (1941). 

included among the 'melanins' ,  golden to black pig- 
ments, occurring usually as intracellular granules, 
relatively insoluble in organic solvents, and in acids, 
capable of reducing silver nitrate, and being bleached by 
strong oxidizing agents is. Such properties could apply  
to substances differing widely in chemical composition, 
and of different metabolic origin; and, in fact, they  did 
not distinguish between the ommochromes and the 
melanins of vertebrates,  which have different chemical  
properties and are probably polymerized oxidat ion 
products of dopalL Mason has given a biochemical def- 
inition of melanins which could include both:  ' . . .  pig- 
ments of high molecular weight formed by enzymic 
oxidation of phenols. '  This may be taken to include, as 
well as 'dopa'-melanins,  pigments derived from 3- 
hydroxykynurenin (the ommochromes),  and perhaps 
such pigments as the 'phaeo-melanin '  of FOSTER s°. I t  
seems possible, indeed, tha t  the phenolase complex 
which produces dopa-melanin 2t may actual ly  catalyse 
the production of ommochrome pigments:  for instance, 
melanin is deposited from solutions of dopa in develop- 
ing chromatophores of Asellus 22, and insect-tyrosinase 
catalyses the production of pigment in albino woodlice 2a. 
Arthr0Pods, including those which produce ommo- 
chromes, also have more inert dopa-type melanins in the 
blood 24, digestive fluids and elsewhere. The ink of Sepia 
also is more inert 6. Indeed, recently BUTENANDT el al. 25 
have shown not only tha t  tyrosinase will catalyse the 
synthesis of xanthommat in ,  in vitro, but also tha t  dopa 
and other intermediaries of the dopa-melanin series 
promote the reaction. Dopa-melanin also is formed in 
the reaction mixture.  INAGAMI I~6 suspects tha t  the two 
pigments may be mixed in various proportions in  vivo, 
and it is possible that  such properties of natural  melanins 
as solubility in ethylene chlorhydrin 4 may  be due to 
ommochrome components.  

Our  great  t h a n k s  are due  to  Prof. A. BUTENANDT for the gif t  of 
a sample  of x a n t h o m m a t i n ,  and  to Prof. H. A. KREns and  m e m b e r s  
of his staff, for facil i t ies and  help in the use of u l t r av io le t  spect ro-  
photometers .  

Rdsumd 

La mdlanine int6gumentaire  du crustac6 isopode, 
Asellus, est un pigment  ommochrome,  avec des pro- 
pridt6s tr~s semblables A celles de la xan thommat ine .  
Ce pigment existe aussi dans l ' in t6gument  de Porcellio 
et d 'autres isopodes, ainsi que du myriap0de Iulus .  

18 L. LxsoN, HistochimieetCytochimieAnimales (Gauthier-Villars, 
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