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On the Biosynthesis  of Peptide Ergot Alkaloids 

Recen t  inves t iga t ions  into the  b iosynthes is  of the  
pep t ide  ergot  alkaloids have  clarified the  origin of the  
various componen t s .  Lysergic acid, phenyla lanine ,  
proline,  val ine and  leucine are incorpora ted  into the  
app ropr i a t e  cons t i tuen t s  of the  pep t ides  ~-~ and  the  a- 
h y d r o x y a m i n o  acid por t ions  of ergotamine ,  ergocornine 
and e rgokryp t ine  are der ived f rom the  cor responding  
amino  acids a-L The n i t rogen in t he  amide  l inkage 
be tween  lysergic acid and the  a -hyd roxyamino  acid 
does no t  or ig inate  f rom lysergic acid amide  bu t  ra ther ,  
mos t  likely, f rom the  precursor  amino  acid, i.e., a lanine or 
valine, respec t ive ly  ~, ~. Other  t h a n  tha t ,  however ,  there  is 
l i t t le pos i t ive  in format ion  on the  p a t h w a y  and mechan i sms  
involved in th is  b iosynthesis .  Ne i ther  D-lysergyl-L-valine 
nor  D-lysergyl-L-alanine were incorpora ted  as i n t ac t  
uni ts  into the  app ropr i a t e  pep t ide  alkaloids~, ~ and 
likewise, L-valyl-L-leucine, L-leucyl-L-proline l ac tam and 

Table I. Incorporation of L-valyl-(1-14C)-L-valyl-L-proline into ergot 
alkaloids of the ergotoxine group by cultures of Claviceps purpurea 

Amount of precursor fed 
Specific radioactivity of precursor 
Amount of alkaloid formed 
Specific radioactivity of ergocornine 
Specific radioactivity of ergokryptine 

0.07 ~xmoles 
5.06 • 10 v dpnl/~zmole 
17.6 ~zmoles 
1.05 • 104 dpm/Exmole 
7.5 • 103 dpm/~zmole 

L-valyl-L-proline lac tam can be excluded as free inter-  
media tes  in the  b iosynthes is  of e rgokryp t ine  and ergo- 
cornine, respect ively .  

In  order  to tes t  for the  possible i nvo lvemen t  of free 
t r i pep t i de  in termedia tes ,  we synthes ized  L-valyl-(1-~4C)- 
L-valyl-L-proline. L-Valyl-L-proline (Miles Ltd.)  was 
conver ted  into the  m e t h y l  ester  w i th  d i m e t h o x y p r o p a n e /  
HC1 and  condensed  wi th  N-carbobenzoxy-L-val ine- l - l*C 
by  the  anhydr ide  m e t h o d  as descr ibed by  TILAK s. 
Remo v a l  of the  p ro tec t ing  groups by  mild  alkaline 
hydrolys is  and hydrogenolys is  gave the  rad ioac t ive  
t r ipep t ide  (spec. act.  23 ~zCi/i~mole), which  was fed to 
cul tures of the  e rgocorn ine /e rgokryp t ine -produc ing  Clavi- 
ceps purpurea strain,  Fb  299. Two 50 ml cul tures  received 
3.55 • 106 d p m  precursor  on day  4 and  were ha rves t ed  
10 days  later. The alkaloid was ex t r ac t ed  f rom the  
mycel ium,  ergocornine and  ergokryptJne  were purif ied by  
c h r o m a t o g r a p h y  and  crys ta l l iza t ion wi th  carrier mater ia l  ~ 
and  were degraded  as descr ibed earlier% The results  
(Tables I and II) clearly show t h a t  r ad ioac t iv i ty  f rom 
L-valyI-(1-14C)-L-valyl-L-proline is incorpora ted  only  af ter  
b reakdown  of the  precursor  into its c o m p o n e n t  amino acids 
because ( a )n o t  only  ergocornJne (as expected)  bu t  also 
e rgokryp t ine  is labeled and (b) ergocornine is labeled no t  
only in the  ~-hydroxyva l ine  mo ie ty  (as expected)  bu t  
also in the  val ine  moie ty  a0. This suggests  t h a t  L-valyl-L- 
valyl-L-proline is no t  a free i n t e rmed ia t e  in ergocornine 
biosynthesis .  Analogous resul ts  have  been  ob ta ined  in 
expe r imen t s  wi th  L-valyl-L-leucyl-L-proline ~1. 

Table II. Degradation of ergocornine and ergokryptine from experi- 
ments with L-valyl-(1-1*C)-g-valyl-L-proline 

Specific radioactivity in dpm/~mole 
(% of total) 

Ergocornine Ergokryptine 

Starting alkaloid 264 (100) [304 (100)] ~ 515 (100) 
~-Hydroxyvaline 122 (46)E128 (42)] ~ 500(97) 
Valille 100 (38)[110 (36)] ~ -- 
Leucine -- n.d. 

n.d., not determined. ~ For comparison, given in square brackets are 
the figures obtained in a feeding experimen t with D, L-valine-(1-14C) 
from ref. a. 
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Based on the  sum of the  negat ive  evidence, which seems 
to exclude v i r tua l ly  all the  plausible tree intermediates ,  i t  
is more than  l ikely tha t  the  pept ide  chain format ion  takes  
place in a concerted fashion on a mul t i enzyme complex.  
The chain could grow star t ing f rom the lysergic acid end, 
analogous to the  direct ion of chain growth in gramicidin  S 
biosynthesis,  or s tar t ing f rom the  prol ine end, as is 
suggested by  the  f inding tha t  in ergocornine der ived f rom 
valine-l~C the  a -hydroxyval ine  moie ty  has a higher  
specific rad ioac t iv i ty  than  the val ine moie ty  3 (cf. Table  II).  
In  any event ,  the  react ion sequence would produce a 
lysergyl t r ipept ide  which is covMent ly  l inked to a group 
on the  enzyme,  possibly an SH-group,  th rough the  
carboxyl  group of proline. Release from the  enzyme 
could plausibly occur by  in t ramolecular  a t t ack  of the  
ni t rogen of the amino acid ad jacent  to the proline, leading 
direct ly  to format ion  of the  lac tam ring. A pr incipal ly  
simiIar mode of lac tam ring format ion  has been proposed 
some t ime  ago by RAMSTAD TM. The D-proline analog of a 
compound of the  type  result ing f rom this cleavage, which 
would be the  first free in te rmedia te  in the  biosynthesis,  
has recent ly  been isolated f rom ergot 13. ~ -Hydroxyla t ion  
of the  amino acid ad jacent  to the  lysergic acid, possibly 
v ia  a 2,3-dehydro intermediate ,  followed by  cyclol 
fo rmat ion  would complete  the  react ion sequence. The 
Scheme outlines the  proposed b iosynthet ic  sequence, 
which provides  the basis for fur ther  exper imenta l  
invest igat ions  14. 

Zusammen/assung. Fi i t t e rung  von  L-Valyl-(1-14C)-L- 
valyl-L-prolin an Claviceps purpurea und Abbau des 
erhat tenen Ergocornins  und Ergokryp t ins  zeigt, dass 

dieses Tripept id,  ebenso wie andere friiher untersuchte  
Pept ide,  sehr wahrscheinl ich kein freies Zwischenprodukt  
in der Biogenese der Mut terkornalkalo ide  vom Pep t id typ  
ist. Es wird vorgeschlagen, dass die Biosynthese  dieser 
Pept ida lka lo ide  bis zur Stufe eines (D-Lysergyl-L-valyl)- 
L-valyl(oder leucyl)-L-prolin-lactams an e inem Multi- 
e n z y m - K o m p l e x  ohne Ireie Zwischenprodukte  abl&uft. 
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