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The Chemical Basis of the Color D i m o r p h i s m  of 
and a Locust, Arnblycorypha sp. Novel Carotenoids 

I t  has long been known that  certain aphid species occur 
in morphologically identical color variants (e.g. green and 
pink, etc.). This phenomenon is also found in other insects 
(e.g. grasshoppers). Since aphids reproduce parthenogene- 
tically during the summer, and since colonies living side 
by side on the same leaf or stem, i.e. under identical en- 
vironmental  conditions, often include individuals of both 
color types, the occurrence of this dimorphism is quite sur- 
prising; its causes seem still obscure. As a contribution to 
this problem, we have investigated the chemical nature of 
the pigments of Macrosiphum liriodendri (Monell), a spe- 
cies which forms colonies of pink, and of yellowish to bluish 
green individuals on the underside of leaves of the tulip 
tree, Liriodendron tulipi]era, in May and June. The pink 
form is sometimes referred to as var. rufa (Monell). The 
very similar color dimorphism of the closely related spe- 
cies, 2VI. euphorbiae (formerly called M. sotanifolii), which 
occurs on rose, potato, and other plants, has been studied 
in detail by SHULL 1, who observed that  isolated partheno- 
genetic individuals yield offspring of their own color ex- 
clusively; offspring of fertilized eggs can consist of both 
green and pink individuals, even when both parents were of 
the same strain of either pink or green color. Crossing of 
green and pink parents seems to have given only green 
progeny. 

The color dimorphism of M. liriodendri has apparently 
not been studied in any detail, although the biology of 
this aphid has been examined by DAvzs ~. For our purpose 
of chemical investigation, this shortcoming is more than 
offset by the abundant  occurrence of the species in the 
immediate vicinity of our laboratory at NIH. We have 
observed the color of aphids produced either by winged 
stem-mothers, or by young colonies of uniform color, iso- 
lated with the help of gauze bags on leaves of the host 
plant,  and have found that  here, too, no change in pig- 
mentat ion seems to take place in subsequent generations 
of parthenogenetic offspring. 

For the chemical examination, colIections of hand- 
picked green and pink individuals were extracted separa- 
tely with acetone, and the filtered extracts were evapo- 
rated in vacuo. Extract ion o£ the residues with hexane 
yielded filtrates of strikingly different color: greenish- 
yellow from the green, brownish-pink from the pink 
aphids. The pigments chiefly responsible for the coloration 
of the insects are thus remarkably non-polar;  hence the 
dimorphism can not, as might have been assumed, be 
based upon differences in the well-known glycosidic aphid 
pigments investigated in the laboratory of Lord TODD z, 
e.g. occurrence of a dactynaphin in the pink, the related 
aphinin in the green variety-. The hexane-insoluble parts 
of the acetone-extracts, and the acetone-extracted aphid 
bodies, both contained a deep green pigment, extractable 
with acetic acid; from its spectrum this pigment seems to 
be identical with, or closely related to, the aphinin studied 
by C~_MEROIq et al. 3b. 

The absorption spectra of both hexane extracts suggested 
tha t  the pigments are carotenoids. Since chromatographic 
tests showed that  within limits of detection, the red pig- 
mentsresponsible for the color of hexane extracts from the 
pink specimens are entirely absent from those of the green 
ones, the very laborious manual  separation of the color 
variants was considered unnecessary, and mixed batches 
of aphids were used for subsequent closer study. The 
hexane-solublc fractions were saponified with 5% metha- 
nolic potassium hydroxide for 12 h at room-temperature, 
and the pigments were separated on circular paper chro- 
matograms (Schleicher and Sch~ill No. 288), using 2% 

a n  A p h i d ,  M a c r o s i p h u m  l ir iodendri  ( M o n e l l ) ,  

acetone in hexane as solvent. In  order of increasing pola- 
rity, a yellow zone containing fractions 1-4, and 3 pink 
zones (5-7) were obtained. The 4 yellow to orange pig- 
ments of the yellow zone were separated by column chro- 
matography on neutral  a lumina (act. grade II) with hex- 
ane as eluant. 

Fractions 1-4 all had the same mass-spectroscopic mo- 
lecular weight of 536, showing them to be carotenes, 
C40H~e. Fractions 1 and 4 were identical, spectroscopically 
and chromatographically, with fl-carotene (1) and y-caro- 
tene (II), respectively. Fractions 2 and 3 agreed spectro- 
scopically with x-carotene (III) and e-carotene (IV), res- 
pectively, bu t  differed from these by lower Rf values on 
paper chromatograms. Fraction 2 was found to be identi- 
cal with a carotene, provisionally named P-444, which has 
recently been isolated from the discomycete, Caloscypha 
]ulgens (Pets.) Boud., and identified as V 4. I t  is the first 
natural  carotenoid to contain the y-ionone ring (C). 

Fraction 3, spectroscopically identical with e-carotene 
(IV), is again more strongly adsorbed, and since this pro- 
perty seems to be typical for carotenes containing the y- 
ionone ring 4, the compound may well be the hitherto un- 
known carotene with 2 y-ionone rings (VI) s. Structure VI 
has nowbeen unequivocally established (S.LIAAEN-JENSEN 
and A. G. AND~EWES, private communication). Chromato- 
graphic studies with the earlier extracts from the separate 
batches of green and pink specimens suggest tha t  V and 
VI occur only in the former, I I  only in the latter variant ;  
fl-carotene seems to be present in both. However, scarcity 

Me Me 

R ~  R' 

Me Me Me MB Me Me M~ Me 

A B C D 

Me Me M~ M~ 

[ F 

I: R=W=B V: R=B,W=C 
II: R=B,W=E YI: R=R'=C(?) 
Ill: R = B, R" = A Y~I: R = B, R' = F 
IV: R--R'=A YIII: R=A,R'=D 

z A. F. SHULL, Am. Naturalist 59, 289 (1925). 
J. J. DAvzs, Ann. ent. Soc. Am. 2, 36 (1909). 
a) LORD TODD, Chem. Brit. 2, 428 (1966); b) J. H. BOWIE, D. W. 
CAMERON, J, A. FINDLAY and J. A. K. QuARrEY, Nature, Lond. 
210, 395 (1966}. 

4 N. ARPIN, J.-L. FIASSOr¢, M. P. D&NGYE-CAYE, G. "~V. FRANCIS and 
G. LIAAEIq*JENSEN', Phytochem., in press (1971). 

5 K. H. WEXS~RA~ER, R.J.J.  CH. LOUSBERG, U. WEXSS and S. 
LIAAEbroJENSEN, to be publishcd. 



1018 Specialia EXPERIE NTIA 2719 

of m a t e r i a l  m a d e  conclus ive  p roof  of t h i s  d i s t r i b u t i o n  im-  
possible.  

The  p i n k  ca ro teno ids ,  f r ac t ions  5, 6, a n d  7, gave  mass-  
s p e c t r o m e t r i c  mo lecu l a r  we igh t s  of 534. T he  a b s o r p t i o n  
s p e c t r u m  of t he  f i rs t  of these  suggests  a dodecaene ;  t he  
one of f r ac t ion  6 is iden t i ca l  w i t h  t h a t  of to ru lene ,  (VII) ,  
f rom t h e  y e a s t  Rhodotorula. I d e n t i t y  seems p robab l e .  
Ca ro teno id  7 could n o t  be  i n v e s t i g a t e d  in deta i l ,  s ince i t s  
p i n k  color t e n d s  to  d i s a p p e a r  rap id ly .  I t s  a b s o r p t i o n  
s p e c t r u m  ind i ca t e s  a cis-tridecaene e h r o m o p h o r e .  De ta i l s  
of t h e  chemica l  s t u d y  of t h e  p i g m e n t s  wil l  be  p u b l i s h e d  
elSewhere 6. 

These  resu l t s  show t h a t  t h e  color  d i m o r p h i s m  of M.  
liriodendri is en t i r e ly  due  to  d i f ferences  in t he  ca ro tenoids ,  
a n d  t h a t  these  caro tenoids ,  excep t  for t he  u b i q u i t o u s  fl- 
c a ro t ene  (I), a n d  for  y -ca ro tene  (II),  be long  to  u n c o m -  
m o n  types  obse rved  p rev ious ly  on ly  in  c e r t a i n  microor -  
gan isms .  Th i s  u n e x p e c t e d  f ind ing  s t rong ly  suggests  t h a t  
t h e  color d i m o r p h i s m  of a t  l eas t  t h i s  one species of a p h i d  
m a y  be  based  on  di f ferences  in  t h e  s y m b i o t i c  mic roor -  
gan i sms  p r e s e n t  in  al l  a p h i d  species s tud ied  so far  in  t h i s  
r e spec t  6, ( un fo r tuna t e ly ,  th i s  does  n o t  inc lude  M. lirio- 
dendri), r a t h e r  t h a n  on  di f ferences  in  t h e  a p h i d s  t hemse l -  
ves.  The  ques t i on  as to  t h e  or ig in  of t he se  d i f ferences  re- 
m a i n s  unanswered ,  b u t  i t  m a y  be  s ign i f i can t  t h a t  2, some-  
t i m e s  even  3, morpho log ica l ly  d i f fe ren t  t ypes  of s y m b i o n t s  
h a v e  been  obse rved  in c e r t a i n  a p h i d  species. A p p a r e n t l y ,  
i t  h a s  n e v e r  ye t  b e e n  poss ible  to  i so la te  t h e  s y m b i o t i c  
m i c r o o r g a n i s m s  f rom aphids ,  or to  c u l t i v a t e  t h e m  on ar t i -  
f icial  media ,  so t h a t  t h e i r  t a x o n o m i c  pos i t ion  is u n k n o w n  ; 
ou r  resu l t s  m a y  p e r h a p s  give a h i n t  in  t h i s  d i rec t ion .  T he  
i n h e r i t e d  n a t u r e  of t h e  color type ,  m e n t i o n e d  before,  is 
en t i r e ly  c o m p a t i b l e  w i t h  our  hypo thes i s ,  s ince e l a b o r a t e  
m e c h a n i s m s  ex i s t  in a p h i d s  for  t h e  t r a n s m i s s i o n  of t h e  
m i c r o s y m b i o n t s ,  b o t h  to  t he  eggs p r o d u c e d  in a u t u m n  a n d  
to  t h e  e m b r y o s  of t he  successive v i v i p a r o u s  p a r t h e n o -  
gene t ic  gene ra t i ons  in  t h e  w a r m  season  (ref. 6 pages  309, 
a n d  315, 321, respec t ive ly) .  

F r o m  t h e  f ind ings  on t he  d i s t r i b u t i o n  of t h e  yel low a n d  
red  p i g m e n t s  i n  t h e  2 va r i an t s ,  one  m a y  t e n t a t i v e l y  con-  
c lude  t h a t  t h e  g reen  fo rm p roduces  ca ro tenes  w i t h  t h e  
nove l  7 - ionone  r ing  (V, VI) ,  whi le  t he  p i n k  fo rm seems to  
e l a b o r a t e  p i g m e n t s  w i t h  a l i p h a t i c  s t r u c t u r e s  on  one  end  
(II ,  VI I ) .  

A v e r y  s imi l a r  color  d i m o r p h i s m  is obse rved  in c e r t a i n  
k a t y d i d s  of t h e  genus  Amblycorypha (Or thop te r a ,  T e t t i -  
goni idae) .  These  insec ts  are  n o r m a l l y  green  b u t  occur  also 
in e x t r e m e l y  ra re  p i n k  forms.  (A v e r y  good color p i c t u r e  of 
b o t h  a p i n k  a n d  a g reen  spec imen  of A. rotundi[olia is 
s h o w n  on  t h e  cover  of t h e  J a n u a r y  1966 issue of Bioscien-  
ces, Vol. 76, 1). T h r o u g h  t h e  k i n d n e s s  of Prof.  T. J.  WAL- 
KER, U n i v e r s i t y  of F lor ida ,  Gainesvi l le ,  Fla. ,  we o b t a i n e d  
1 n y m p h  of t h e  p i n k  fo rm of Amblycorypha sp. ( p r o b a b l y  
A. [loridana R e h n  a n d  H e b a r d ;  pos i t i ve  i den t i f i c a t i on  is 
poss ible  in  t h e  a d u l t  only),  a n d  h a v e  m a d e  some obse rva -  
t ions  on  t h e  chemica l  n a t u r e  of i t s  p i n k  p i g m e n t s  ; ou r  re- 
sul ts  are  p r e s e n t e d  here,  in sp i te  of t h e  v e r y  p r e l i m i n a r y  
n a t u r e  of t h e  i n f o r m a t i o n  o b t a i n a b l e  f r o m  s t u d y  of one  
single,  fa i r ly  sma l l  specimen,  because  v e r y  l i t t l e  is k n o w n  
on  t h e  p h e n o m e n o n  of color d i m o r p h i s m ,  a n d  because  t h e  
r a r i t y  of t h e  p i n k  v a r i a n t  leaves  l i t t l e  hope  for f u r t h e r  
work.  

A t t e m p t s  to  e x t r a c t  t he  p i n k  p i g m e n t  f rom t h e  exoske-  
l e ton  b y  g r ind ing  w i t h  m e t h a n o l  or ace tone  i n v a r i a b l y  led 
to  i n s t a n t a n e o u s  d i s a p p e a r a n c e  of t he  p i n k  color. How-  
ever,  e x t r a c t i o n  w i t h  w a t e r  r ead i ly  gave  a b lu i sh -p ink ,  
s l igh t ly  opa lescen t  so lu t ion ;  i t s  s p e c t r u m  cons is ted  of 
4 b a n d s  a t  ~ ,  457,484,  524 a n d  567 nm,  t he  las t  one be ing  
the  m o s t  in tense .  The  color  c an  t h u s  n o t  be  due  to  free 
ca ro teno ids  as in  t he  case of Macros@hum, in  sp i te  of t h e  

g rea t  r e s e m b l a n c e  of t he  v is ib le  p i g m e n t a t i o n  of t h e  p i n k  
v a r i a n t s  of b o t h  insects .  

The  p i n k  color of t h e  so lu t ion  t u r n e d  to  l igh t  ye l low a t  
once  on  a d d i t i o n  of m e t h a n o l  or  ace tone ,  or on a t t e m p t e d  
c h r o m a t o g r a p h y  over  celite.  Th i s  b e h a v i o r  is qu i t e  ana log-  
ous to  t h a t  of t he  c a r o t e n o p r o t e i n s  w h i c h  h a v e  b e e n  ob- 
se rved  r e p e a t e d l y  in a r t h r o p o d s  7, i nc lud ing  some grass- 
hoppe r s  8. The  yel low p i g m e n t  fo rmed  on f i l t r a t i o n  t h r o u g h  
a cel i te  c o l u m n  ( c h r o m a t o g r a p h i c a l l y  one  m a j o r  a n d  se- 
ve ra l  v e r y  m i n o r  ind iv idua l s )  is so luble  in  h e x a n e ;  t h e  
s p e c t r u m  of t h e  h e x a n e  so lu t ion  is t h a t  of a n  ~-carotene ,  
a n d  i ~ e n t i t y  w i t h  ~ - c r y p t o x a n t h i n  (VII I )  seems poss ible  
on  spec t roscopic  a n d  c h r o m a t o g r a p h i c  grounds .  No fur-  
t h e r  e x p e r i m e n t a l  work  was  possible,  b u t  t he  resu l t s  show 
t h a t  t he  p i n k  color  is due  to  a c a r o t e n o i d  complex ,  a n d  t h e  
a n a l o g y  w i t h  t h e  b e h a v i o r  of k n o w n  c a r o t e n o p r o t e i n s  7 
suggests  t h a t  here,  too, a p r o t e i n  complex  is p resen t .  

T h e  few c a r o t e n o p r o t e i n s  s tud ied  in de ta i l  so far  ~ h a v e  
o range  to  r ed  ke ton ic  ca ro t eno ids  ( c a n t h a x a n t h i n  or  
a s t a x a n t h i n )  as t h e  p r o s t h e t i c  g r o u p ;  t h e  fo rmer  in  t h e  
r ed  o v o r u b i n  f rom a gas t ropod ,  t h e  l a t t e r  in  t h e  green  ovo-  
v e r d i n  f rom lobs t e r  eggs a n d  t h e  b lue  c r u s t a c y a n i n  I rom 
lobs t e r  ca rapace .  The  s p e c t r u m  of t h e  yel low c a r o t e n o i d  
f r ac t i on  f rom Amblycorypha is de f in i t e ly  n o t  t h a t  of a ke-  
ton ic  ca ro teno id .  I t  seems wide ly  a s sumed  7 t h a t  t h e  car-  
b o n y l  g roup  is i n v o l v e d  in t h e  b i n d i n g  of t h e  c a r o t e n o i d  to 
t h e  p ro te in ,  a n d  in t h e  r e su l t ing  spec t roscopic  shif ts .  I n  t h e  
p r e s e n t  case, t h i s  e x p l a n a t i o n  for  t h e  f o r m a t i o n  of a 
p i n k  (p ro te in  ?) c o m p l e x  f rom a ye l low ca ro t eno id  c a n n o t  
apply ,  a n d  t h e  b a t h o c h r o m i c  effect  m u s t  h a v e  some  
o t h e r  cause. 

Zusammen/assung. Der  U n t e r s c h i e d  in de r  F / t rbung  v o n  
rosa  u n d  gr t inen  V a r i a n t e n  der  B l a t t l a u s  Macros@hum 
liriodendri b e r u h t  au f  U n t e r s c h i e d e n  der  Caro t ino id -  
F r a k t i o n e n .  E in ige  dieser  Caro t ino ide  geh6ren  zu Typen ,  
die b i s h e r  n u r  in  M i k r o o r g a n i s m e n  ange t ro f f en  w o r d e n  
sind,  was  V e r s c h i e d e n h e i t  in  A r t  ode r  b i o s y n t h e t i s c h e r  
A k t i v i t i i t  yon  M i k r o s y m b i o n t e n  als U r s a c h e  des P i g m e n -  
t i e r u n g s - D i m o r p h i s m u s  v e r m u t e n  l~sst.  Die F ~ r b u n g  de r  
s e l t enen  rosa  V a r i a n t e  de r  H e u s c h r e c k e  Amblycorypha 
s che in t  d u t c h  e inen  C a r o t i n o i d - P r o t e i n - K o m p l e x  b e d i n g t  
zu sein. 
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