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skeletal pieces in the post-axial outgrowth were steadily 
greater than those of the 2nd digit of a merely ap-reversed 
hand. In  several embryos a well recognizable ~rd digit, 
or the proximal par t  of the 3rd and 4th digit, developed 
post-axially and pre-axially. The feather pat tern of the 
surfaces of the twinned hand was dorso-ventrally re- 
versed; the feathers of the post-axial (originally pre-axial) 
border of the wing apex appeared symmetrical to those 
of the pre-axial border. 

In the Figure 3 examples of twinning of the ap- 
reoriented apex of the right wing bud in embryos of the 
stages 24-25 are reported. In (a) the apical ridge was 
preserved, in (b) and (c) the apical ridge was removed 5 
and 6 h respectively after apex reversal. The wings are 
seen from the dorsal aspect. 

These findings indicate tha t  twinning of the hand takes 
place under the conditions of the present experiment, 
although variously severe deficiencies of the terminal 
skeletal and cutaneous structures occur in the ap- 
reor/ented (present experiment) as in the normally 
oriented apex of the wing bud deprived of its ectodermal 

thickening 7,s. I t  can be concluded tha t  twinning of the 
ap-reoriented prospective autopode does not  depend on 
the presence and on the inductor act ivi ty  of the apical 
ridge of the ectoderm. Apparently,  i t  is the consequence 
of direct influences exerted by the proximal territories of 
the limb bud on the growth and the organogenesis of the 
apical mesoderm. 

Rgsumd. L'excision de la crdte apicale 5-10 h aprbs 
l ' inversion de l 'axe ant6ro-post6rieur de la partie distale 
du bourgeon de l 'aile n'emp~che pas le d~veloppement 
de duplications terminales, Ces duplications seraient dues 
au jeu d'influences organog~n6tiques des r6gions proxi- 
males de l '6bauche s 'exergant directement sur le m~so- 
derme apical. 

R. AMPRINO 

Institute o~ Human Anatomy, University o] Bari (Italy), 
lOth February 1967. 

A Metabolic Pathway of Gramine in Barley 

In  the last 20 year§ a great  deal has been learned about  
the biogenesis and metabolism of alkaloids. Unfortunately 
the function of alkaloids in plants still remains a mystery.  

Some interesting approaches to this problem deal with 
the translocation, distribution, degradation and the re- 
lationship between alkaloid content  and age of the plant. 
An excellent account on these aspects of alkaloid bio- 
chemistry is tha t  of MOTHESL 

We wish to report  here our recent findings on gramine, 
which may perhaps throw more light on the metabolism 
of this substance in barley. 

The alkaloid gramine, which is formed in germinating 
barley from t ryptophan u-~, appears in barley shoots on 
the 3rd day after germination and remains there in de- 
tectable quantit ies until the 50th day ~. We have ex- 
perienced this phenomenon while experimenting with a 
nat ive strain of Lebanese barley (designated as Baladi 25, 
Telamara) a t t r ibuted to Hordeum distidwn L. When we 
administered gramine (labelled in the carbon at tached to 
the ring) to the above barley (60 days old), 0.84% of the 
alkaloid was converted into t ryptophan ~. In the course of 
this biosynthesis s tudy we were impressed by the fact 
tha t  no labelled gramine was recovered from the plant;  
we therefore undertook to examine the possibility of the 
biological degradation of gramine's  methylene carbon to 
carbon dioxide. 

In  a representative experiment, five 60-day-old shoots, 
cut  very close to their grain and washed thoroughly, were 
allowed to stand in a cup within a bott le  (covered with a 
black cloth) containing 1.98 mg of labelled gramine s 
(10.5 - l0  s dpm/mg) dissolved in 2 ml of 5 • 10-SN-acetic 
acid s. 5 ml of distilled water were added daily to the cup 
and, when nearly all was absorbed, another 5 ml were 
added in order to at tain the greatest possible absorption 
of the radioactive material, Carbondioxide-free air was 
allowed to carry the carbon dioxide expired by the plants 
into 2 barium hydroxide traps. The precipitated barium 
carbonate was collected every 6 h for radioact ivi ty 

counting 10. Since the carbonate was found to be highly 
radioactive, samples were collected for 8 days. The plants 
were then removed from the bottle, washed thoroughly, 
dried (at 50 °C for 24 h) and subsequently cut  into small 
pieces to produce 2.4 g of herb. 

Very little radioactive gramine xx (1.0.104 dpm) was 
recovered when a sample (1.2 g) of the herb was analysed 
by a method similar to tha t  of GOWER and LEETE ~. When 
the protein fraction of another plant  sample (1.2 g) was 
examined, according to our previous method 7, it was 
found tha t  0.4% of the gramine was incorporated into 
tryptophan.  An aliquot from the total  BaCO a (collected 
during 8 days) was converted to CO~, which was trapped 

a K. MOTHES, in The Alkaloids (Ed. R. H. F, MANSKE; Academic 
Press, New York 1960), vol. VI, p. 1. 
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t D. O'DoNovAN and E. LEETE, J. Am. chem. Soc. 85, 461 (1963). 
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6 V. E. TYLER JR., J. Am. pharm. Ass. (sci. edn), 47, 97 (1958). 

G. A. DmEms, B. A. FARAJ and C. I. ASov-CHAAR, Bioehem. J. 
101, 27c (1966). 

s Gramine, labelled in the carbon attached to the ring, was syn- 
thesized from indole, dimethylamine and C 1~ paraformaldehyde 
according to the procedure of H. KUHN and O. STEIN, Bet. dt. 
chem. Ges. 70, 567 (1937}. The C xt gramine was purified by 2 sub- 
limations, and after 1 crystallization from n-hexane was shown to 
be pure by mixed melting point with authentic gramine, UV- 
spectroscopy and thin-layer chromatography in 2 solvents. Sub- 
sequent radioautography of the ehromatograms revealed only one 
radioactive spot. 
All radioactivity measurements unless otherwise specified were 
performed in a liquid-scintillation counter with an efficiency of 
70% and a background count of 12 counts/rain. 

x0 The barium carbonate samples were plated at infinite thickness 
and were counted in a thin-window gas-flow counter (Hewlctt- 
Packard Model 5202 L). 

ix The identity of the recovered gramine was proved by chromato- 
graphy (TLC) in 2 solvents. 
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b y  a m e t h a n o l i c  so lu t ion  of h y a m i n e  h y d r o x i d e  acco rd ing  
to  a p r o c e d u r e  s imi l a r  to  t h a t  of PASSMANN e t  al.**, a n d  
s u b s e q u e n t l y  c o u n t e d .  I t  was  f o u n d  t h a t  10% of t h e  
m e t a b o l i z e d  g r a m i n e  was  i n c o r p o r a t e d  i n to  exp i r ed  CO 0. 

W h e n  t h e  a b o v e  e x p e r i m e n t  was  r e p e a t e d  w i t h  t h e  
gra in  r e m a i n s  of f ive 62-day-o ld  p l an t s ,  n o  r a d i o a c t i v e  
CO n was  de t ec t ed .  Likewise  no  r a d i o a c t i v i t y  was  o b s e r v e d  
in t h e  exp i r ed  COn w h e n  r a d i o a c t i v e  ska to le  ~8 (3 -methy l -  
indole) was  p r o v i d e d  to  b a r l e y  u n d e r  iden t i ca l  cond i t i ons  
to  those  desc r ibed  above .  

The  a b o v e  e x p e r i m e n t s  sugges t  t h a t  t h e  a lka lo id  
g r a m i n e  is m e t a b o l i z e d  b y  excised  b a r l e y  shoo t s  (grown 
in t he  dark) ,  a n d  t h a t  one  of i t s  m e t a b o l i c  p a t h w a y s  14 is 
t h e  o x i d a t i o n  of i t s  m e t h y l e n i c  side c h a i n  to  c a r b o n  
dioxide.  W e  are  c u r r e n t l y  a t t e m p t i n g  to  i so la te  in t e r -  
m e d i a t e s  of th i s  o x i d a t i v e  p a t h w a y  ~5. 

Rdsumd. Nous  a v o n s  obse rv6  que  q u a n d  la  g r a m i n e  
m a r q u 6  au  c a r b o n e  a t t a c h 6  au  n o y a u  h~ t6rocyc l ique  a 
6t6 a d m i n i s t r 6 e  ~ des  pousses  d ' o rge  ag6es de  60 jour s  

(dans  l 'obscur i t6) ,  10% de  la r ad ioac t i v i t 6  a pass6 au  CO 2 
expir~ e t  0 .4% au  t r y p t o p h a n e .  

G. A. DIGENIS a n d  B. A. FARAJ 

School o/Pharmacy, American University of Beirut, 
Beirut (Lebanon), 7th March 1967. 

12 j .  M. PASSYIANN, N. S. RADIN and J. A. D. CooPEn, Analyt. Chem. 
28, 484 (1956}. 

~a Radioactive skatole, tagged in the carbon attached to the ring, 
was synthesized from radioactive gramine s according to the 
method of A. P. TERENT'EV, N. A. DZBA~OVSKIt and N. A. 
FAVORSXAYA, Zh. Obshch. Khim. 23, 2035 (1953), through Chem. 
Abstr. dg, 3124a. 

14 Very little incorporation of gramine into the lipid fraction of the 
plant was observed. 

1~ This investigation was supported by a grant from the University 
Medical Research Fund for which one of us (G.A.D.) is grateful.  
We are grateful to Dr. C. I. ABou-CHAAR for useful discussions. 

T e s t - T u b e  F e r t i l i z a t i o n  o f  O v u l e s  i n  M e l a n d r i u m  
a l b u m  M i l l .  w i t h  P o l l e n  G r a i n s  o f  S e v e r a l  S p e c i e s  

o f  t h e  C a r y o p h y l l a c e a e  F a m i l y  1 

T h e  f u r t h e r  i m p r o v e m e n t  of t h e  t e c h n i q u e  of t e s t - t u b e  
fe r t i l i za t ion  m a y  be  useful  to  p l a n t  b reede r s  in  t h e i r  
effor ts  to  o b t a i n  h y b r i d s  in  t hose  cases whe re  t he  2 p a r e n t s  
do n o t  cross due  to  c e r t a i n  obs tac les  in  t h e  p a t h  of t h e  
pol len tuben,  8. T h e  p r e s e n t  r e p o r t  conce rns  t h e  deve lop-  
m e n t  of h y b r i d s  de r i ved  f r o m  t h e  ovu les  of Melandrium 
album fer t i l ized w i t h  pol len  g ra ins  of 5 d i f f e ren t  species. 

F e m a l e  f lower  buds ,  f r o m  w h i c h  ovules  were  to  be  
o b t a i n e d  for cu l t u r e  work,  were  bagged  4 d a y s  before  
po l l ina t ion .  Pis t i l s  w i t h  a s h o r t  p e d u n c l e  were  s ter i l ized  
in s a t u r a t e d  ch lo r ine  w a t e r  for  20 m i n  a n d  t h e n  r insed  4 
t imes  w i t h  a u t o c l a v e d  water .  L a t e r  t he  s ty le  a n d  t h e  
o v a r y  wal l  were  r e m o v e d  a n d  t h e  ovu les  a long  w i t h  t h e  
p l a c e n t a  were  i n o c u l a t e d  on  t h e  m e d i u m  cons i s t ing  of 
WHITE'S mine ra l s  4, WHITE'S v i t a m i n e s  4 a n d  2 %  sucrose.  

A n t h e r s  of t h e  f lower  b u d s  st i l l  closed (24 h before  
an thes i s )  were  excised a n d  k e p t  for  2 -4  h in  t h e  s ter i le  
i nocu l a t i on  c h a m b e r .  L a t e r  t h e  po l len  g ra ins  were  scooped 
o u t  a n d  d u s t e d  on  t h e  sur face  of t h e  ovules .  A n t h e r s  
f rom t h e  fo l lowing species h a v e  b e e n  used :  Mdandrium 
album, M. rubrum, Silene scha[ta, S. tatarica a n d  Dianthus 
carthusianorum. 

The  pol len  g ra ins  of all species s t a r t e d  to  g e r m i n a t e  
w i t h i n  8-12  h a n d  l a t e r  on  t h e  pol len  t u b e s  were  e n t e r i n g  
the  mic ropy le  (Figure  1). D u r i n g  t h e  f i r s t  3 d a y s  of c u l t u r e  
t he  fer t i l ized ovu les  en larged ,  b e c a m e  t u r g i d  a n d  in an-  
o t h e r  7 d a y s  t h e y  t u r n e d  w h i t e  (F igure  2). Dissec t ions  of 
seeds f r o m  14-day-old  cu l tu re s  r evea l ed  n o r m a l l y  differ-  
e n t i a t e d  e m b r y o s  (F igure  3) a n d  a p e r i s p e r m  ful ly p a c k e d  
With s t a r c h  grains .  W h e n  pol len  g ra ins  of Melandrium 
album, M. rubrum a n d  Silene scha[ta were  used,  m a t u r e  
e m b r y o s  were  d i ssec ted  a n d  c u l t u r e d  on  a f resh  m e d i u m .  
T h e y  s t a r t e d  to  g e r m i n a t e  a f t e r  2 d a y s  a n d  h e a l t h y  seed- 
l iags were  o b t a i n e d  b y  t h e  f o u r t h  week  (F igure  4). T h e  
10-week-old seedlings,  a f t e r  t h o r o u g h  w a s h i n g  in  wa te r ,  
Were t r a n s f e r r e d  to  soil in  po t s  a n d  ra i sed  in t h e  c u l t u r e  
room.  Af t e r  a n o t h e r  12-15 weeks,  r egu l a r  f lowers  h a d  
been  p r o d u c e d  (Figures  5 a n d  6). T h u s  ful ly  f o r m e d  p l a n t s  
With f lowers  were  ob t a ined .  

Fig. 1. Whole mount of ovule from 1-day-old culture; 2 pollen tubes 
(pt) are seen at the micropyle. Pollen grains of Silene schafta, x 50. 
Fig. 2. 10-day-old culture; developing ovules (or) are situated on 
the placenta. (a) ovules fertilized with pollen grains of Mdandrium 
rubrum. (b) ovules fertilized with pollen grains of Dia~thus carthusl- 

~f$OY~Yt. X 1 p2. 
Fig. 3. Whole mount of an embryo dissected from an ovule 14 days 
after culturing. Ovules fertilized with pollen grains of Melandrium 

rubrum, x 14. 
Fig. 4. A hybrid seedling obtained from a test-tube embryo (ovules 
were fertilized with pollen grains of Silene schaita) after 4 weeks of 

culture. 112 natural size. 
Fig. 5. A hybrid plant (Melandrium x Silene srha[ta) after 10 weeks 
of growth in a soil where initially they were transferred from the 

culture tubes, x/1 e natural size. 
Fig. 6. A fully developed female flower from a hybrid plant (M. album 

x S. schaita) after 12 weeks of growth, l/0 natural size. 

1 Dedicated to the memory of the late Professor P. Maheshwari 
who taught me and inspired me to undertake this work. 

a K. KAUTA, N. S. RANGASWAMV and P. MAHESHWARI, Nature 194, 
4835 (1962), 

8 M. ZENKTELER, Naturwissensehaften 52, 23 (1965). 
4 N. S. RANOASWAMV, Phytomorphology I1, 1, 2 (1961). 


