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A c e l l - f r e e  system o f  Papaver somniferum has been iso la ted,  

capable o f  synthesiz ing norlaudanosoline-1-carboxylic acid,  

dehydronorlaudanosol ine, and norlaudanosol i n e  from 

3,4-dihydroxyphenethylamine (dopamine) and 3.4-dihydroxyphenyl- 

pyruvic ac id .  The enzyme a c t i v i t y  l i e s  i n  a T r i t o n  X-100 

so lub i l i zed  p r o t e i n  f rac t i on .  

The biogenesis o f  the carbon framework o f  many a l ka lo ids  i s  bel ieved t o  

operate through the biochemical equivalent o f  the Pictet-Spengler condensa- 

t i on .  For example, the key step i n  the biosynthesis o f  the indo le  a l ka lo ids  

o f  Catharanthus x, uncovered by the evo lu t i on  o f  c e l l - f r e e  methodology, 
1 

involves condensation o f  the aldehyde group o f  secologanin w i t h  tryptamine 

t o  form s t r i c t o s i d i n e ,  recen t l y  shown t o  be the p i vo ta l  precursor of the 

Corynanthe', Iboga and Aspidosperma by three independent invest igat ions.  2,3,4 

I n  a s i m i l a r  ve in  i t  has been suggested t h a t  dopamine ( I ) ,  which cons t i t u tes  - 
the "upper" b u i l d i n g  block o f  the Papaver  alkaloid^,^'^ condenses w i t h  the 

pu ta t i ve  intermediate 3,4-dihydroxyphenylpyruvate (z),  ( i t s e l f  der ived from 

tyros ine)  t o  form norlaudanosol i ne  carboxyl i c  ac id  (3) .  This condensation 

which can proceed non-enzymically has been used t o  produce ( 5 )  which i s  



transformed i n  i n t a c t  P. somniferum p l a n t s  i n t o  m ~ r p h i n e . ~  The u t i l i z a t i o n  

of bo th  R and S forms o f  nor laudanosol ine (4)  f o r  morphine a l k a l o i d  - - 
7 5 b iosyn thes is  has imp l i ca ted  t he  im ine  5 as a dynamic me tabo l i t e  and/or - 

precursor  which may be i n  redox e q u i l i b r i u m  w i t h  (4 ) .  The s i m i l a r i t y  o f  - 
the  problems i n v o l v i n g  c h i r a l i t y  a t  p o s i t i o n  3 o f  t h e  i n d o l e  

and t he  corresponding cen te r  (C-1) i n  (3 )  and ( 4 )  toge ther  w i t h  t he  necessary - - 
i d e n t i f i c a t i o n  of t he  C6-C3 segment (e.g. 2)  i n  t he  pathway suggested t o  us - 
tha t ,  as before,' c e l l - f r e e  methodology cou ld  be a p p l i e d  t o  t h i s  problem. 

C e l l - f r e e  systems were prepared by t he  f o l l ow ing  procedure. F i f t e e n  grams 

o f  capsules and stems o f  P. somniferum, harvested t h ree  t o  t e n  days a f t e r  

pe ta l  f a l l ,  were homogenized i n  10 m l  o f  phosphate buffer s o l u t i o n  (pH 6.4) 

con ta i n i ng  0.1 M d i e thy l d i t h i oca rbama te  ( o r  P o l y c l a r  AT a t  0.5 g/g t i s s u e )  a t  

0-4'C. The suspension was f i l t e r e d  through f i n e  ny lon  c l o t h ,  and then  t he  

homogenate c e n t r i f u g e d  a t  37,000 g f o r  20 min. The sediment was washed w i t h  

5 ml o f  phosphate buffer (pH 6.4) and resuspended i n  3 ml o f  phosphate b u f f e r  

(pH 7.0) con ta i n i ng  1% T r i t o n  X-100. S i m i l a r  procedures were used i n  ex t rac -  

t i o n  of enzymes from the  c a l l u s  and seedl ings.  Both suspension and supernatant  

were used f o r  incubat ions  descr ibed i n  Table 1. 

8 I t  was found t h a t  the  a l k a l o i d s ,  3, 4 and 5, were synthesized from dopamine - - - 
and 3.4-dihydroxyphenylpyruvic a c i d  by t he  c e l l - f r e e  system. However, t he  

f o rma t i on  o f  r e t i c u l i n e ,  thebaine, codeine and morphine was n o t  de tec ted  under 

these condi t ions.14 The enzyme systems from capsules and stems were more a k t i v e  

than those from seed l ings  o r  c a l l u s ,  wh i l e  t h e  p e l l e t  was more a c t i v e  than t he  

supernatant. T r i t o n  X-100 increased t h e  a c t i v i t y  t h r e e f o l d  by s o l u b i l i z a t i o n  

o f  t he  p e l l e t .  The f o l l o w i n g  conclus ions can be drawn from t h e  da ta  o f  Table 1. 

( a )  A complete enzyme system i s  present  i n  t he  p e l l e t ,  which ca ta lyzes  t he  

f o rma t i on  o f  norlaudanosoline-1-carboxylic a c i d  (3). as the  f i r s t  t e t r ahyd ro -  - 
i s o q u i n o l i n e  a l k a l o i d  o f  t he  morphine a l k a l o i d  ser ies .  ( b )  The r o l e  o f  
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TABLE 1. Incorporat ion (%)  of [I-"C]dopamine i n t o  2, 4 and 5 

Exp. 
b, 3 

Oopamine 
No. O r i g i n  Condit ion 4 5 (Unchanged) - - 
1 Capsul s and Supernatant 0.4 <0.1 0.1 64.7 

stemsay 

2 Capsul s and P e l l e t  w i t h  3.0 0.3 0.9 5.8 
stemsa! T r i t o n  X-100 

3 Capsul s and P e l l e t  0.9 <0.1 0.3 19.2 
stemsay 

4 Seed1 ings Supernatant <O.l - - 57.3 
(4  weeks o l d )  

5 Seedlings P e l l e t  <0.1 - - 61 . 2  
(4  weeks o ld )  

6 Cal l  us Supernatant <0.1 <0.1 <0.1 78.3 
(1 month o l d )  

7 Cal lus P e l l e t  w i t h  <0.1 4 . 1  <0.1 75.2 
(1 month o ld )  T r i t o n  X-100 

8 Control Bo i led system <0.1 <0.1 c0.1 89.7 
o f  Exp. 2 

a) These were harvested a t  3-10 days a f t e r  petal  f a l l .  

b) Incubations o f  1 pCi [1-"'Cldopamine were performed a t  37'C for  3 

h r  (under n i t rogen atmosphere i n  a Thunberg tube) i n  the above 

systems containing 1 umole each o f  dopamine and 3,4-dihydroxyphenyl- 

pyruvic ac id  as substrates. A f te r  incubation, the react ion mixture 

was immediately t reated w i t h  1 N HCE, freeze-dried, and chromato- 

graphed ( S i l i c a  gel p la te )  w i t h  three d i f f e r e n t  solvent systems: 

( i )  CHCL3/MeOH = 85:15, ( i i )  n-BuOH/Acetic acid/H20 = 25:4:10, and 

( i i i )  CHCk3/acetone/dimethylamine = 5:4:1. Paper chromatography 

w i t h  CM-cellulose using acetate buffer a t  pH 4.0 as e luent  was 

useful and separated norlaudanosol i ne-1 -carboxyl i c  ac id  (3) from 

the other a1 ka lo ids .  Norlaudanosol ine-1-carboxyl i c  ac id  (3), 

norlaudanosoline (4),  and 12-dehydronorlaudanosoline ( 5 )  have 

Rf values 0.32, 0.05 and 0.03, respect ive ly .  A f te r  add i t i on  of 

c a r r i e r  compounds, the labeled and 5 were fur ther  confirmed by 

r e c r y s t a l l i z a t i o n  t o  constant s p e c i f i c  a c t i v i t y .  The a1 ka lo ids  

were fur ther  i d e n t i f i e d  by methylat ion w i t h  diazomethane t o  the 

corresponding methylated products, 6 ,  Z and 8, which were separated 

a t  Rf  0.9, 0.67 and 0.77, respect ive ly ,  by TLC p l a t e  ( S i l i c a  ge l )  

w i th  the solvent of CHCk3/MeOH ( 4 : l ) .  



dopamine (1 )  - and 3,4-dihydroxyphenylpyruvic a c i d  ( 2 )  - as t r u e  precursors has 

been es tab l i shed  a t  t h e  c e l l - f r e e  l e v e l .  ( c )  The p u t a t i v e  in termediacy of 

1,2-dehydronorlaudanosol i n e  (5 )  - i s  supported. 

3: Rl=H, R2=COOH 5: R = H  

4: R,=R2=H 8: R=Me 

6: RI=Me, R2=COOMe 

7: RI=Me, R2=H 

The a v a i l a b i l i t y  of c e l l - f r e e  methodology i n  the  Papaver se r i es  w i l l  a l l o w  

development o f  t he  enzymology of codeine and morphine b i osyn thes i s .  14 
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