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When cell cultures o f Ricinus communis are grown in light and with kinetin as the sole growth 
factor red cells are formed. The red pigmentation is due to the accum ulation o f rhodoxanthin 
which is the major carotenoid in these cultures. The identification o f this retro-type carotenoid is 
based on electronic and mass spectra, on chemical transformation to zeaxanthin, and on 
comparison with an authentic sample. Rhodoxanthin is not present in any part o f  the intact plant. 
The major yellow carotenoid in the red cultures is lutein.

Introduction

Chloroplasts o f  h ig he r  plants con ta in  a fairly 
constant pa ttern  o f  ca ro teno ids  w hich  funct ion  as 
accessory p igm ents  in photosynthesis  and  pro tec t  
the chlorophylls and  ch lorop las t  enzymes against 
photodes truc t ion  [1]. In contrast to this  type o f  
plastids, chrom oplas ts  con ta in  a grea t variety  o f  
carotenoids, som e o f  w hich  are  not found  in o the r  
types o f  plastids. These  p igm en ts  are  responsib le  for 
the bright red. yellow, and  orange  colors o f  m an y  
au tum n  leaves, fruits and  flowers [2], T h e  struc tura l  
aspects o f  caro tenoid  accu m ula t io n  in ch rom oplas ts  
[3] and the chem istry  and  b iochem is try  o f  ca ro ­
tenoids [4] are wellknown, how ever  there  are  only 
little da ta  on the regula tion  o f  ca ro ten o id  m e ta ­
bolism.

In our  efforts to s tudy p las tid  d if fe ren t ia t ion  we 
found a system in w hich the  synthesis o f  a specific 
red p igm ent can be easily induced. T h e  s train  A o f  a 
cell culture derived from  the en do sp e rm  o f  Ricinus 
communis [5] p roduces red  cells w hen  the  cu ltu re  is 
main ta ined  in light on a m e d iu m  w ith  k inet in  as the 
sole growth factor [6 ]. H ere we repor t  on  the 
identif ication  o f  the red p ig m en t  as rho do xan th in .  
a retro-type carotenoid . w h ich  is not synthesized  by 
the intact plant.
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Materials and Methods

Plant material

The callus cu ltures  are  der iv ed  from  the  e n d o ­
sperm of  the castor bean. Ricinus communis; only 
strain A, as charac te r ized  elsewhere  [5]H w as used. 
The cells were cult iva ted  u n d e r  f luorescent w hite  
light (Osram L 65 W /3 2 ,  5 W / m 2) at 20 °C  On a solid 
G am b org  B5 m e d iu m  [7] su p p le m en ted  w ith  2% 
sucrose and 0 . 2  m g / 1  b en zy la m in o p u r in e  (kinetin).

Leaves o f  the po nd w eed ,  Potamogeton natans, 
were collected from a pond  n e a r  U lm.

Extraction

Lyophilized Ricinus callus cultures w ere  h o m o ­
genized in a m o r ta r  using q u a r tz  sand. C aro te n o id s  
were repeatedly extracted  w ith  acetone. A fter 
evaporation  o f  the  solvent the  p igm ents  w ere  red is ­
solved in ch loroform  for th in - lay e r  ch ro m a to g ra p h y  
(TLC). Fresh leaves o f  Potamogeton w ere  h o m o ­
genized in acetone with an  U ltra -T urrax .  T he  
pigments were extrac ted  w ith  acetone; the  c a ro t­
enoids were transferred  from  acetone to pe tro le u m  
benzine ( 5 0 - 7 0 °C )  after a d d in g  o f  w a te r  and  a 
small volume o f  10% K O H  to ren d er  m ost o f  the 
chlorophylls hypophasic .  T h e  u p p e r  layer was d r ied  
with N a 2S 0 4 and concen tra ted  u nder  redu ced  
pressure. All o pera t ions  w ere  p e r fo rm ed  in d im  
light.
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Chromatography

The carotenoids were iso lated  by p re p a ra t iv e  
thin-layer ch ro m ato g rap hy  (T L C )  accord ing  to 
published procedures  [8 , 9], Part i t io n  T L C  was 
performed on precoa ted  silica gel layers type  Poly­
gram Sil-G (M acherey-N agel)  o r  type  Kieselgel 60 
(Merck). F u r th e r  pu r i f ica t ion  was ach iev ed  by 
adsorption T L C  on a m ixed  layer  o f  C a C 0 3, M gO  
and C a (O H ) 2 (3 0 :6 :5 ;  by wt). In bo th  systems m ix ­
tures o f  petro leum  benzine  ( 1 0 0 - 1 4 0  ° C )  an d  iso- 
propanol were used as solvents; the  ra t io  was varied  
(100:5 to 100:16; v /v) to o b ta in  o p t im a l  s e p a r a ­
tions. For  mass spec trom etry  th e  ca ro ten o id s  w ere 
finally run on precoated  layers o f  u l t rap u re  si lica gel 
type G-25 H R  (M acherey -N age l)  w h ich  h a d  been  
prewashed with methanol.

After TLC  the colored b an d s  w ere  sc raped  o ff  
and the p igm ents  eluted with acetone.

Chemical read ions

Standard procedures as de ta i led  e lsew here  [8 ] 
were employed for sap on if ica tion  (K O H /m e th a n o l ) ,  
acetylation (acetic  an h y d r id e /p y r id in e ) ,  e ther if ica-  
tion (B F 3-e th e ra te /e th ano l)  and  h yd r id e  red uc t ion  
(N aB H 4/m e th an o l)  o f  caro tenoids .  R e d u c t io n  with 
zinc pow der was p e r fo rm ed  in acetic  a c id /p y r id in e  
(3:10; v/v) at 50 °C  for less th a n  1 m in  [10],

Spectroscopic methods

Electronic spectra w ere reco rd ed  w ith  a Zeiss 
D M R  21 spec tropho tom eter ;  the  p igm en ts  w ere 
dissolved in acetone i f  not s ta ted  o therwise . E lectron 
impact mass spectra w ere o b ta in e d  w ith  a V arian  
M A T 711 m ach ine  using the  d irec t  inlet system. T he  
conditions were: ionizing voltage  70 eV, acce le ra tion  
voltage 8  kV, tem pera tu re  range  1 9 0 - 2 4 0  °C .

Q uantita tive m easurem en ts  o f  c a ro teno id s  were 
m ade  by using £ 1 ^  =  2500 for th e i r  p r inc ipa l 
absorption  m ax im u m  in acetone.

Reference carotenoids

Authentic  rh o do xan th in  was iso lated  from  leaves 
o f  Potamogeton natans [11], as desc r ib ed  above ,  and  
characterized by its e lec tronic  an d  mass spectra. 
A synthetic sam ple  o f  racem ic  z eax an th in  (/?,/?-caro- 
tene-3.3 '-diol) was kindly  p ro v id ed  by F. Hoff- 
m ann-La Roche (Basel). L u te in  was from  the  insect 
Cerura vinula [8 ],

A representative silica gel ch ro m a to g ra m  o f  the  
carotenoids from red cultures o f  Ricinus is sh ow n  in 
Fig. 1. Besides two m in o r  yellow zones (1 and  2) one  
prom inent red (3) and  one yellow (4) zone w ere  
observed. Below zone 4 th ree  ad d it ion a l  yellow 
zones with very low concentra tions  w ere o bserved  
but neglected in fu r ther  work. Extracts f rom  green  
or dark  cultivated pale  cultures  d isp layed  only  the  
yellow carotenoid zones [6 ]. In a typical extrac t from  
red cultures the p igm en t zones 1 to 4 com p r ised  
approx. 2%, 8 %, 70% and  20% respectively  o f  the  
total carotenoids w hich am o u n te d  to 250 jag p e r  g o f  
dry weight.

Zone 1 was tentatively iden t if ied  as /?,/?-carotene 
on the basis o f  its spec trum  (450, 478 n m ) and  
chrom atographic  behavior .  Z one  2 ex h ib i ted  a 
spectrum with three  m ax im a  ( / m ax 442 n m ) an d  was 
labile to alkali: saponifica tion  p ro d u ced  a n u m b e r  
o f  orange, red, and  yellow zones w hich  b eh av ed  
more polar than  zone 3. It rem a in ed  u nc lea r  
w hether zone 2  represen ted  a ca ro ten o id  ester; no 
further studies were possible. T he  p ro m in e n t  
zones 3 (red) and 4 (yellow) w ere show n to re p r e ­
sent rhodoxanth in  (4 ', 5 ' -d id e h y d ro -4 ,5'-retro-ß,ß- 
carotene-3,3 '-dione) and  lu tein  (/?,£-carotene-3,3 '- 
diol) respectively as d e ta i led  be low  (for s t ruc tu res  
see Scheme 1).

Rhodoxanthin (I)

The red p igm ent (zone 3) from  Ricinus e x h ib i ted  
a single light ab so rp tion  m a x im u m  at 486 nm  in

Results and Discussion

1

2

Fig. 1. Schematic representation o f a silica gel thin-layer 
chromatogram of the carotenoids from red callus cultures 
of Ricinus communis. Numbers refer to the major pigment 
zones (see text).
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A B C

H: A -P -A  UI: B -P -B  12: B -P -C  
Scheme 1. Structures o f 6.6 '-di-ra (la ), 6-m ono-ra (lb) 
and all-trans (Ic) rhodoxanthin, /?,/?-carotene-3,3'-dione or 
"dihvdrorhodoxanthin" (II), zeaxanthin (III), and lutein 
(IV).

acetone: som e spectral fine s truc ture  was observed  
in /?-hexane ( ~  455, 480, ~ 5 1 0 n m ) .  Typically , on 
analytical silica gel plates (see Fig. 2) the red 
pigm ent split into three  red respectively o range- red  
fractions; the m idd le  one p red o m in a ted .  A u then tic  
rhodoxanth in  from Potamogeton also p ro v id ed  th ree  
fractions which co -ch rom atog raph ed  with those o f  
the Ricinus p igm en t  and exh ib i ted  also identical 
spectra: the single peak  was at 490 nm  in the  lower 
fraction, at 486 nm  in the  m idd le  frac tion  and  at 
483 nm  in the u p p e r  one.

Rhodoxan th in  is know n to easily isom erize  at the 
6 (6 ')-exocyclic d o ub le  bo nd(s )  and  thus  occurs as a 
m ixture  o f  three geom etr ic  isomers ( a l l - / r a / ? 5 ,  

6 -m ono -cis and 6 .6 ' - d i - r ä ;  see S c h e m e l )  which 
have been charac terized  by the i r  N M R  spectra  after  
H PLC  separation  [12]. T h o u g h  the  elec tronic  
spectra o f  the isomers have  not been  repo r ted ,  the

three rhodoxanth in  fractions o b ta in e d  by T L C  from 
both Ricinus and Potamogeton m os t p ro b ab ly  re p re ­
sented these isomers: the  low er fraction  w ith  the 
m ax im um  at 490 nm  was the  all-trans i so m er  and  
the upper fraction abso rb ing  at shor test  w avelengths  
(483 nm) the 6 ,6 ' - d i -m - fo rm ;  the  p r inc ipa l m id d le  
fraction (486 nm) then  rep resen ted  the 6 - m o n o - m  
isomer which is the most stable  m o lecu la r  
species [1 2 ].

The mass spectra o f  rh o d o x a n th in  from Ricinus 
and Potamogeton w ere sup e r im p osab le .  T h e  m o lec ­
ular ion was observed  at m /e  562 ( M +, base  p eak)  
as expected. F ragm en t ions charac te r is t ic  for caro- 
tenoids were at m /e  470 (M -92) and m /e  456 
(M-106) which orig ina ted  from  ex trusion  o f  to luene  
and xylene respectively from  the  po lyene cha in  [13]. 
The intensity ratio  o f  these ions (M -92 /M -106)  
ranged from 0.5 to 1.0 in the Potamogeton  p ig m en t  
(only the m o n o - r a  isom er was used) and  f rom  1 . 0  to 
1.36 in that from Ricinus (m ix tu re  o f  all isom ers); 
values between 0.44 and  1.0 have  been  rep o r ted  as 
typical for the presence o f  ten d o u b le  bo nd s  in the 
polyene chain as in rh o d o x a n th in  [14].

Reduction o f  rh o d o x a n th in  w ith  b o ro h y d r id e  
should furnish eschscholtzxan th in  (4 ' ,5 '-d ideh yd ro -  
4 ,5 '-/-f>//-0 -/?,/?-carotene-3 ,3 ' -d iol). A ttem pts  to isolate 
this product for spectral stud ies  w ere unsuccessful, 
however, since it was easily re -ox id ized  to the 
diketone. W hen rh o d o x an th in  from  both  Ricinus 
and Potamogeton was reduced  w ith  Zn (Fig. 2) a 
yellow less po la r  p rod uc t  w ith  th e  ch ro m o p h o re  o f  
/?,/?-carotene was o b ta in ed  ( ^ 4 2 8 ,  451, 479 nm; 
%III/II =  40) represen ting  /? ,/?-carotene-3,3 '-dione 
or “d ih y d ro rh o d o x a n th in ” (II) [10]. H ow ever,  mass 
spectrometry p rov ided  a m o lecu la r  w eigh t o f  562 
instead o f  564 indica ting  tha t  re -o x ida t ion  to r h o d o ­
xanthin [cf 1 0 ] took  place d u r in g  insertion  and 
heating o f  the probe.

Treatm ent o f  the  yellow d ik e to n e  II w ith  b o r o ­
hydride yielded a p ro du c t  w ith  a s im ila r  e lec tron ic  
spectrum ( ^ 4 2 8 ,  452, 479 nm; %III/II =  25) and  a 
polarity h igher than  tha t  o f  rh o d o x an th in  (Fig. 2). 
This second yellow p ro d u c t  sh ou ld  represen t z ea ­
xanthin (/?,/?-carotene-3,3'-diol) (III) [15] w h ich  was 
confirmed by co -ch ro m a to g ra p h y  w ith  a syn thetic  
sample both on silica gel and  the  ad so rp t io n  layer. 
Moreover, a correct m o lecu la r  w eigh t o f  568 was 
determ ined by mass spectrom etry .

In conclusion, these d a ta  p rove  tha t  the  red 
Ricinus p igm ent is identical w ith  rh od ox an th in .
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Fig. 2. Products o f chemical reactions with rhodoxanthin. 
(A) Rhodoxanthin from Ricinus communis; (B) Zn reduc­
tion of A: (C) borohydride reduction o f  B; (D) synthetic 
zeaxanthin; (E) rhodoxanthin from Potamogeton natans. 
Note the three zones o f geometric isomers in A and E 
(see Scheme 1).

Lutein (IV)

Fraction 4 was m ore  p o la r  th a n  rh o d o x a n th in  on 
silica gel (Fig. 1) and  co -m ig ra ted  w ith  lu te in  from  
Centra. The electronic sp ec tru m  ex h ib i ted  th ree  
m axim a at 424, 446 and  474 nm  (%III/II =  56) 
identical to those o f  lutein. In the  mass sp ec t ru m  a 
prom inent m olecu lar  ion was foun d  at m /e  568 
(M +, base peak). T he  presence o f  tw o n o n -eq u i -  
valent hydroxyl g roups  was d e m o n s tra te d  by f rag ­
ment ions at m /e  550 ( M - 18) and  m /e  532 ( M - 18-18) 
with intensities o f  80% and  15% respective ly  o f  the  
base peak. O th e r  typical ions o r ig in a ted  from 
dehydrogenation  (m /e  566, M-2; m /e  548, M-18-2) 
and from losses o f  to luene (m /e  476, M-92; m /e  458, 
M - 18-92), xylene (m /e  444, M - 18-106) and  a C 12H i 4 

fragment (m /e  392, M - 18-158) as k now n from  lu te in  
mass spectra [13].

Further  evidence for the  iden ti ty  o f  f rac tion  4 
with lutein was o b ta in ed  from  chem ica l  reac t ions 
(Fig. 3). U pon trea tm en t  with  B F 3-e th e ra te  in 
ethanol the Rieinus p ig m en t  y ie lded  a less p o la r  
product supposed to be the  3 ' -e th e r  f rom  a para l le l 
experiment with au th en t ic  lutein; the  3 ' -e th e r  cou ld  
be further acetylated. T hus,  p ig m en t  4 has two

hydroxyl groups one o f  w hich  is in allylic pos i t ion  
(C-3') as in lutein.

Taxonomic distribution o f  rhodoxanthin 
in higher plants

Thus far. rhodox an th in  has been  id en t if ied  in 
members o f  most gym n osperm  fam ilies inc lud ing  
the wellknown exam ples Taxus baccata and  Thuja 
occidentalis, and has also been  es tab lished  in som e 
species o f p ter idophytes  [for references see 16]. 
Concerning the ang iosperm  plants, r h o d o x a n th in  
w'as found in the red -b row n  leaves o f  Potamogeton  
natans [11] and in the red berr ies  o f  two Lonicera 
species [17]. The identif ica t ion  o f  rh o d o x a n th in  in 
callus cultures o f  Rieinus communis, an o th e r  a n g io ­
sperm, is rem arkab le  in th a t  this  ca ro ten o id  is 
not detectable in any part  o f  the  intact p lan t  as 
revealed so far (the red p igm en t o f  the  s t igm a o f  the  
Rieinus flower is w aterso lub le  and  m ay  the re fo re  be 
an anthocyanidin). It is assum ed  th a t  the  novel 
biosynthetic capability  resulting in the  a c c u m u la ­
tion o f  rhodoxanthin  reflects the  d if fe ren t ia t ion  o f  
the chromoplast switched on by specific h o rm o n e  
levels. This feature will be the subject o f  a fo llow ing 
paper  [6 ].

Fig. 3. Products o f chemical reactions with lutein.
(A) Reference carotenoids from the insect Cerura xinula: 
/?,/?-carotene, /?,/?-caroten-2-ol and lutein (from top);
(B) lutein from Rieinus communis; (C) etherification o f B 
with BF3/ethanol; (D) acetylation o f C.
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