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Studies Concerning the Biogenesis of Natural Derivatives of Lysergic Acid 

Li t t le  is known about  t he  biogenesis of the  side chains 
of lysergic acid (the pref ix  D is omit ted)  der ivat ives ,  and 
their  biogenet ic  interrelat ionships.  The  earbinolamide  
moie ty  of lysergic acid e -hyd roxye thy l amide  (I) arises 
p robab ly  f rom alanine or a closely re la ted ni t rogenous 
compound  l-a. I t  has been suggested t h a t  e rgometr ine  (II) 
could be a precursor  of e rgo tamine  (III)  ~. We  have  tested 
the  abi l i ty  of 4, 5-3H-lysergic acid (spec. act.  9.35 lxc/mg) 6 
and of 4, 5-~H-ergometrine (4.22 ~c/mg)6 to act  as inter-  
media tes  in the  biogenesis of the  alkaloids in C. paspali 
and in C. purpurea, as well as the  efficiency of L-alanine- 
U-14C (57.7 ~zc/mg) and of L-alaninol-U-14C (0.95 ~zc/mg)7 
as precursors of the  side chains of I, I I ,  and of the  
e -hydroxy-~-aminoac id  f ragment  of I I I  and of ergo- 
k ryp t ine  (IV). 

Stra in  22 of C. paspali produced f rom 75 up to  135 ~zM 
of lysergic acid der iva t ives  (I and II ,  the  la t te r  being 
5-10% of the  to ta l  alkaloids produced) per  flask con- 
ta ining 5 0 m l  of the  m a n n i t o l - a m m o n i u m  succinate  
med ium s. 3H-Lysergic acid (5 mg  i)er flask) was effi- 
c ient ly  incorpora ted  into the  alkaloids (9.5% of dose). 
U p o n  feeding of 3H-ergometr ine ('5 mg  per  flask) the  
incorporat ion ra te  of t r i t imn  into lysergic acid amide 
(obtained by  degradat ion  of I, followed by  paper  and 
thin  layer chromatograph ic  separat ion f rom ~H-ergo- 
metrine)  was~ in 3 exper iments ,  in the  range 2.0-3.2%. 
W h e n  non-rad ioac t ive  lysergic acid (5 mg) was fed to- 
ge ther  wi th  SH-ergometrine,  the  incorpora t ion  of t r i t i um 
was t .  1% of the  dose, while free lysergic acid, as recovered 
at  the  end of the  fe rmenta t ion  and purif ied by  chromato-  
graphy on silicic acid and on paper  to cons tan t  specific 
rad ioac t iv i ty ,  conta ined 2.8% of added t r i t ium.  

W h e n  ~4C-alanine or ~4C-alaninol were added to the  
cultures on the  3rd day  of fe rmenta t ion ,  different  incor- 
pora t ion  da t a  into the  side chains of I and I I  were 
ob ta ined  (Table I). Ace ta ldehyde  was formed by  degrada-  
t ion of I and isolated as the  2 .4-dini t rophenylhydrazone 8. 
L-Alaninol was obta ined  by  hydrolysis  of I I  wi th  6 N  
hydrogen  chloride and purif ied by  paper  ch roma tog raphy  
to cons tant  specific rad ioac t iv i ty .  M a n i n o l  was deter-  
mined  color imetr ical ly  by  the  1.2-naphthoquinone-4-  
sulfonate me thod  s. 

S t ra in  275 of C. purpurea produced 60-100 ~114 r of a 
mix tu re  of the  2 epimeric pairs ergotamine-ergotarninine  
(75%) and e rgokrypt ine-erg0krypt in ine  (25%), per  flask 
conta in ing  50 ml  of the  sucrose -ammonium ci t ra te  me- 
d ium 10. Upon  feeding of ~H-lysergic acid (5 mg per  flask) 
a considerable incorpora t ion  (15.8% of adminis te red  
radioact iv i ty)  was found illtO I I I  and IV, bo th  alkaloids 
showing the  same specific ac t iv i ty .  However ,  when aH- 
ergometr ine  (5 mg per  flask) was fed to the  cultures, no 
incorporat ion of the  label was found a l though a measur-  
able a m o u n t  (3.5%) of 8H-ergometr ine appeared  to be 
present  in the  myce l ium at  the  end of the  fe rmenta t ion .  

A good incorpora t ion  of the  label  was found in I I I  and 
IV when ~4C-alanine and ~4C-alaninol were fed to cultures 
of s t ra in  275 on the  3rd day  of fermenta~cion. Py ruv i c  
and d ime thy lpy ruv ic  acid, formed f rom the  ~-hydroxy-  
~-aminoacid f ragments  of e rgo tamine  and ergokrypt ine  
on alkaline t r e a t m e n t  n, were isolated as the  2.4-dinitro- 
p h e n y l h y d r a z o n e s  and purif ied to cons tan t  specific 
ac t iv i ty  by ch roma tog raphy  on silicic acid and on paper  ~. 
The results are shown in Table  I I .  

I t  seems unl ikely t h a t  I I  be  a precursor  of I, because 
of the  lower incorpora t ion  ra te  oi ~H-ergometr ine in to  I 
(as compared  wi th  t h a t  of aH-lysergic acid), and the  forma- 
t ion of ~H-lysergic acid f rom SH-ergometr ine dur ing the  
fermenta t ion .  This  conclusion is suppor ted  by  the  dif- 

i e ren t  incorpora t ion  d a t a  of 14C-atanine and 14C-2-amino- 
propanol  into the  side chains of I and II ,  indicat ing no 
direct  re lat ionship in the  format ion  of the  side chains 
of the  2 alkaloids in vivo.  The  equivalence  of the  2 
labelled compounds  as precursors of the  side chain of I 
suggests t ha t  the  incorpora t ion  of ~4C-alaninol m a y  be 
a consequence of its convers ion to pyruv ic  acid or to a 
re la ted 3 carbon a toms compound.  The  much  greater  
abi l i ty  of ~4C-alaninol to be a source of the  side chain 
carbon a toms of I I ,  as compared  wi th  t4C-alanine, indi-  
cates t h a t  alaninol  is p robably  the  direct  precursor  of the  
same residue in I I .  I f  this is true,  the  small  va lue  of the  
incorpora t ion  of l~C-alanine into the  side chain  of I I ,  
i.e. into endogenous n-alaninol, suggests t h a t  the  l a t t e r  

Table I. Incorporation rate of label from L-alanine-U-l~C and from 
L-alaninol-U-14C into the alkaloids by C. paspeli strain 22, and 
specific activity of the degradation products 

Precursor Dose Alkaloids Acetaldehyde Alaninol 
(~zc/flask) ~zM i.r. % (lie/raM) (~xe/mM) 

laC-alanine 20.00 124 2.13 0.90 (4.5) ~ 0.39 (1.9) 
14C-alaninol 0.18 135 2 .91  0.012 (5.6) 0.06 (33.9) 

Specific activity expressed as percent of dose. 

Table II. Incorporation rate of the label from n-alanine-U-14C and 
from L-alaninol-U-laC into the alkaloids produced by strain 275, and 
specific activity of the degradation products 

Precursor Dose Alkaloids Pyruvic Dimethyl- 
(Me/flask) [xM i.r. % acid pyruvic 

([xc/mM) acid 
([ze]mM) 

laC-alanine 2O.OO 63 1.32 1.34 (6.7) ~ 2.26 (11.3) 
14C-alaninol 0.69 93 t.93 0.082 (11.8) 0.078 (11.2) 

Specific activity expressed as percent of dose. 
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c o m p o u n d  does no t  ar ise  d i rec t ly  f rom t h e  3 c a r b o n  
a t o m s  un i t s  such  as a l an ine  i tself  or p y r u v i c  acid.  The  
or ig in  of th i s  molecule  is u n k n o w n ,  a l t h o u g h  i t  cou ld  
t a k e  place  b y  d e c a r b o x y l a t i o n  of a n  hypothe t ica lc~-methyl -  
L-serine, w h i c h  ha s  been  found  in n a t u r e  as a c o n s t i t u e n t  
of t h e  molecule  of t h e  a n t i b i o t i c  a m i c e t i n  18, a n d  w h i c h  
ha s  been  s h o w n  to  be  n o n  enzym i ca l l y  d e c a r b o x y l a t e d  
b y  pyfidoxa114. 

I I  is n o t  a n  i n t e r m e d i a t e  in  t h e  biogenesis  of I I I  a n d  
I V  as can  be  deduced  b y  t he  lack  of i n c o r p o r a t i o n  of 
aH-ergomet r ine ,  in  c o n t r a s t  w i t h  t h e  h igh  i n c o r p o r a t i o n  
r a t e  of aH-lysergic acid.  T he  re l a t ive  i n c o r p o r a t i o n  ra t e s  
of l~C-alanine in to  t he  ~ -hyd roxy -~ -aminoac id  f r a g m e n t s  
of I I I  a n d  I V  would  be  in a g r e e m e n t  w i t h  t h e  p roposed  
m e c h a n i s m  of t h e  f o r m a t i o n  in v ivo  of t he  co r r e spond ing  
n o n - h y d r o x y l a t e d  a m i n o a c i d s  15. However ,  t he  eff iciency 
of 14C-alaninol to  ac t  as a source  of t h e  c a r b o n  a t o m s  of 
these  f r a g m e n t s  suggests  t h a t  t h e  f o r m a t i o n  of t he  said 
e - h y d r o x y - a - a m i n o a c i d s  in  v ivo  m a y  follow a d i f fe rent  
route .  

Riassunto. D a l l ' e s a m e  del la  incorporaz ione  di possibi l i  
p recursor i  negl i  a lca lo idi  p r o d o t t i  d a  C. paspali e C. pur- 
purea r i su l t a  che  n o n  v i  6 u n a  d i r e t t a  corre laz ione  I ra  la  
b iogenes i  delle ca t ene  la te ra ! i  del la  e r g o m e t r i n a  e del la  
a - id ross i e t i l ammide  del l ' ae ido  lisergico, e che l ' e rgome-  
t r i n a  n o n  6 u n  precursore  dei d e r i v a t i  pep t id ic i  de l l ' ac ido  
lisergico. 
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T e m p e r a t u r e  and Ac id i ty  for M a x i m a l  Fluorescence  of Serotonin  and S e r o t o n i n - O . P . T .  

N u m e r o u s  t e c h n i q u e s  are  ava i l ab l e  for  t he  d e t e r m i n a -  
t i on  of se ro ton in  1; however ,  f l u o r o m e t r y  ha s  emerged  as 
t h e  t e c h n i q u e  of choice due  to  i t s  i n h e r e n t  s ens i t i v i t y  a n d  
se lec t iv i ty  2. The  m o s t  c o m m o n l y  e m p l o y e d  f luoromet r i c  
m e t h o d  is t h a t  of BOGDANSKI et  al.3; however ,  r e cen t l y  
MAICKEL a n d  MILLER 4 h a v e  r e p o r t e d  increased  de t ec t i on  
s ens i t i v i t y  a f t e r  r e ac t i on  of se ro ton in  s t a n d a r d s  w i t h  
o - p h t h a l d i a l d e h y d e  (O.P.T.).  T he  f luorescence of a com- 
p o u n d  is p r o f o u n d l y  in f luenced  b y  t h e  t e m p e r a t u r e  a n d  
p H  of t he  so lu t ion  r ead  ~. Con t ro l  of these  2 p a r a m e t e r s  
will r esu l t  in  g rea t e r  m e t h o d  s ens i t i v i t y  a n d  precis ion.  
Since no  de ta i l ed  d a t a  are ava i l ab l e  in  t he  l i t e r a tu re  
desc r ib ing  p H  a n d  t e m p e r a t u r e  effects  on  t he  f luorescence 
of s e ro ton in  or se ro ton in -O.P .T ,  these  were s tud ied .  

Instrumentation. Fluorescence  was recorded  b y  us ing  
a s p e c t r o p h o t o f l u o r o m e t e r  (S.P.F.)  6. A c t i v a t i o n  wave-  
l eng ths  were 295 n m  a n d  360 nm ,  respect ive ly ,  for t h e  
s e ro ton in -d i r ec t  a n d  se ro ton in-O.P .T ,  me thods .  W a v e -  
l e n g t h s  versus  f luorescence d i a g r a m s  (spectra)  were re- 
corded  7 f rom 200-800 rim. Se ro ton in -d i r ec t  and  se ro ton in-  
O.P.T.  f luorescence were r ead  a t  545 n m  a n d  470 n m  
wave l eng th s ,  respect ive ly .  

Experimental, serotonin-direct. 13 a n a l y t i c a l  dup l i ca te s  
of s e ro ton in  s t a n d a r d s  were p r e p a r e d  f rom a 520 n g / m l  
s t a n d a r d  in 0 .003N HC1. 5 ml  a l iquo ts  were d i lu t ed  w i t h  
4 g / 1 0 0  ml  (w/v) ascorbic  acid, doub le  dis t i l led  w a t e r  
(D.D.W.)  a n d  conc. HC1. F i n a l  c o n c e n t r a t i o n s  o b t a i n e d  
were  200 n g / m l  serotoriin,  5.6 • 1 0 - ~ M  ascorbic  acid a n d  
g raded  no rma l i t i e s  f rom 1.50-6.00 HC1. I n d i v i d u a l  b l a n k s  
were  a l so  p r e p a r e d  c o n t a i n i n g  5.6 X 1 0 - a M  aseorbic  acid 
for  each  no rma l i t y .  E a c h  of t h e  13 s t a n d a r d s  and  b l a n k s  
were d iv ided  in to  8 f r ac t ions  a n d  re f r ige ra ted  a t  4~ 
un t i l  t es ted .  

Experimental, serotonin-O.P.T. 12 a n a l y t i c a l  dup l i ca te s  
of s e ro ton in  s t a n d a r d s  were  p r e p a r e d  f rom a 1560 n g / m l  
s t a n d a r d  in  0 .008N HC1. 1.59 m l  of t h i s  s t a n d a r d  were  
d i lu t ed  w i t h  0.4 m l  of 0.05 g/100 m l  (w/v) O.P.T. ,  D .D.W.  
a n d  102V HC1. F i n a l  c o n c e n t r a t i o n s  o b t a i n e d  were 
200 n g / m l  s e ro ton in  a n d  g raded  no r m a l i t i e s  of HC1 f rom 
4.50-7.50.  I n d i v i d u a l  b l a n k s  were  p r e p a r e d  f rom 0.008 N 
HC1 a n d  were  t r e a t e d  s imilar ly .  Spec imens  were  com- 
p lexed  w i t h  O'.P.T. 4. E a c h  of t h e  12 s t a n d a r d s  a n d  

b l a n k s  were t h e n  d iv ided  in to  5 f rac t ions  a n d  re f r ige ra ted  
a t  4~ u n t i l  t es ted .  

]~luorometry. I n  sequence,  a single se t  of 13 or 12 
samples  a n d  b l a n k s  r ep r e sen t i ng  t he  en t i r e  n o r m a l i t y  
r anges  of t he  d i rec t  a n d  O.P.T.  series were p laced  in a 
w a t e r b a t h  to  b r ing  t h e  t u b e s  to  t h e  desi red t e m p e r a t u r e  
(5-50~ range) .  The  w a t e r b a t h  was  connec t ed  to  t h e  
f l ow- th rough  c o m p a r t m e n t  of t h e  S.P~F. c u v e t t e  hous ing  
to  m a i n t a i n  t e m p e r a t u r e .  Dry,  f i l te red  n i t r ogen  gas  was 
used to  c o n t i n u o u s l y  f lush  t he  c u v e t t e  hous ing  to  reduce  
c o n d e n s a t e  fo rmed  on t he  c u v e t t e s  a t  low t e m p e r a t u r e s  
a n d  to  reduce  op t ica l  sca t te r ing .  Samples  were  p e r m i t t e d  
to  equ i l ib ra t e  in  t he  w a t e r b a t h  for  5 m i n  pr io r  to  f luoro- 
mer ry .  

Results. Serotonin-direct. Resu l t s  cor rec ted  for indi-  
v i d u a l  b l a n k s  (Figure 1) i nd ica t ed  t h a t  (a) m a x i m a l  
s e ro ton in  f luorescence was  ach ieved  a t  a n  ac id i ty  of 
3 . 2 5 - 3 . 5 0 N  HC1; th i s  was  found  to  be  i n d e p e n d e n t  of 
t e m p e r a t u r e .  (b) The re  was a n  inverse  r e l a t i onsh ip  be-  
tween  t e m p e r a t u r e  a n d  se ro ton in  f luorescence for al l  
no rmal i t i e s  tes ted .  A t  t he  n o r m a l i t y  of m a x i m a l  f luore-  
cence (3.5N HC1), t h i s  r e l a t ionsh ip  was e x p o n e n t i a l  
b e t w e e n  5-20 ~ (Figure  3). A t  t e m p e r a t u r e s  g rea t e r  t h a n  
20~ th i s  r e l a t i onsh ip  was  no  longer  l inear  due  to  
se ro ton in  des t ruc t ion .  I n  s u p p o r t  of this ,  t h e  cu rve  
o b t a i n e d  f rom samples  a t  50~ (Figure  1) was  i r regu la r ;  
t h i s  i r r egu la r i t y  was  st i l l  p r e s e n t  w h e n  these  samples  
were  cooled a n d  re read  a t  20~ 
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