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T r y p t o p h a n  (I) when  cycl ized and condensed  wi th  
c¢-ketoglutaric acid m a y  fo rm s t ruc tu re  I I I .  O x i d a t i v e  
deca rboxy la t ion  and  t h e  subsequen t  loss of ca rbon  
d ioxide  would  yield s t r u c t u r e  V. The  i n t roduc t i on  of a 
one-carbon f r agmen t  to fo rm ring D fol lowed by  me thy l a -  
t ion m a y  resul t  t hen  in the  fo rma t ion  of lysergic acid 
(VII).  Some of the  steps in t he  sequence  m a y  proceed 
t h ro u g h  a n u m b e r  of i n t e r m e d i a r y  e n z y m a t i c  react ions .  

A s imilar  me tabo l i c  scheme  (see figure) m i g h t  accoun t  
for t he  origin of t h e  lysergic  acid  nucleus  in t h e  e rgo t  
alkaloids.  VAN TAMELEN ~ sugges ted  a b iosynthes is  s t a r t -  
ing wi th  5 - h y d r o x y t r y p t o p h a n  which  emp loyed  di- 
hydron ico t in ic  acid as an in t e rmed ia t e .  HARLEY-MAsoN s 
also proposed  5 - h y d r o x y t r y p t o p h a n  as the  precursor ,  bu t  
wi th  f l -ketoglutar ic  acid as the  key  in t e rmed ia t e .  WEND- 
LER 4 evo lved  a p a t h w a y  which  depends  upon  t r y p t o p h a n  
and  citric acid, whereas  ROBINSON'S scheme  5 e m p l o y e d  
succinic acid. Our  scheme,  on  t h e  o the r  hand ,  ut i l izes 
t r y p t o p h a n  and x -ke tog lu ta r i c  acid. 

Subs t i tu t ed  lysergic acid  m a y  be  ob ta ined  by  s t a r t i ng  
wi th  the  appropr i a t e ly  subs t i t u t ed  t r y p t o p h a n .  Thus,  
2 - h y d r o x y t r y p t o p h a n  would  yield 2 -hydroxy lyse rg ic  
acid. I t  is in te res t ing  to  note  t h a t  L S D  is d e t o x i c a t e d  by  
h y d r o x y l a t i o n  in t he  2-posit ion.  UDENFRIEND and co- 
workers  ~ h a v e  d e m o n s t r a t e d  t h a t  5 - h y d r o x y t r y p t o p h a n  
is the  precursor  of serotonin,  and  therefore ,  i t  m a y  be 
avai lable  for the  synthes is  of 12-hydroxylyserg ic  acid. 
The  LSD- l ike  me tabo l i t e  referred to ear l ier  m a y  be 
lysergic acid or  a de r iva t ive  wi th  a side chain  of u n k n o w n  
s t ruc ture .  M a n y  va r i an t s  of lysergic  acid h a v e  been  
p repa red  and  tes ted  for p s y c h o t o m i m e t i c  ac t iv i ty ,  and  
i t  appears  t h a t  t h e  d i e thy l amide  is the  mos t  ac t i ve  ~. Th is  
does no t  exclude,  however ,  the  poss ib i l i ty  of a more  
ac t ive  side chain  which has no t  as ye t  been tes ted.  
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t(ORNFELD el al. s have  syn thes ized  lysergic  acid s ta r t -  
ing wi th  1 -benzoyl -d ihydro-3- indoleprop ion ic  acid. The  
synthes is  which we h a v e  sugges ted  (see figure) m a y  
p rov ide  a l a b o r a t o r y  m e t h o d  of p r epa ra t i on  of lysergic 
acid and  its de r iva t ives .  The  reac t ion  types  are known,  
i.e., r ing  closure,  a ldol  condensa t ion ,  toss of ca rbon  
m o n o x i d e  f rom c¢-ketoacids, loss of ca rbon  d ioxide  f rom 
c¢, r - u n s a t u r a t e d  ca rboxy l i c  acids, the  Mannich  react ion,  
and me thy la t i on ,  b u t  h a v e  no t  been appl ied  specif ical ly 
to  t he  proposed  in te rmedia tes .  The  2-, 12-, 13-, and  14- 
hyd roxy ,  m e t h o x y  and  o the r  subs t i t u t ed  lysergic  acids, 
which m i g h t  become  ava i lab le  if t he  synthes is  is success- 
fu l ly  comple ted ,  m a y  f ind use as t r anqu i l i z ing  agen ts  
and  cen t ra l  ne rvous  sys tem depressants ,  as an t iha l lu -  
c i n a t o r y  agents ,  and  m a y  h a v e  o the r  va luab le  p h a r m a -  
cological  proper t ies .  

A. ~ELDSTEIN 

The Worcester Foundat ion /or Exper imenta l  Biology, 
Shrewsbury,  Massachusetls,  June  29, 1956. 

Zusammen/assung  

Ein  LSD- / ihn l iches  S to f fwechse lp roduk t  ist  mOglicher- 
weise mi t  Ge i s t e sk rankhe i t  gekoppel t ,  E ine  13iosynthese 
der  Lysergs~ure  und  ihrer  Der iva te ,  die T r y p t o p h a n  und  
e - K e t o g l u t a r s g u r e  als wich t ige  In te rmedi~ t rp rodukte  
enth/i l t ,  wird  vorgeschlagen.  
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Kristal lgitterstruktur in den jungen 
Chloroplasten einer Dikotyledone 

(Eranthemum leuconeurum) 

In  einer frf iheren Mi t te i lung  1 wurde  t iber die Kr is ta l l -  
g i t t e r s t r u k t u r  des s o g e n a n n t e n  P r i m / i r g r a n u m  in jungen  
Chloroplas ten  einer  Chloroflhytumart ber ieh te t .  Gleich-  
zeit ig ~ h a t  LEYON dieselbe S t r u k t u r  in j ungen  Chloro-  
p las ten  von  A spidistra beschr ieben.  Es  war  von  In teresse  
zu erfahren,  ob eine analoge  S t r u k t u r  auch  in jungen  
Chloroplas ten  yon  D i k o t y l e d o n e n  v o r h a n d e n  ist. I ch  
w~thlte (gleichzeit ig auch  Iiir andere  Un te r suchungs -  
zwecke) die A c a n t h a c e e  Eran themum leuconeurum, well  
diese Pf lanze  sehr  grosse Grana,  besonders  im S c h w a m m -  
p a r e n c h y m ,  bes i tz t  ~. 

F i x i e r u n g :  2% OsO4 in Aze ta t -Verona lpuf fe r ,  p H  6, 
3 h lang. Entw~isserung in aufs te igenden  Aze ton-Puf fe r -  
16sungen 1 : 3, 1 : 1, dann  A z e t o n - a q u a  des t i l la ta  3: I, 
Aze ton  95%, Aze ton  abso lu t  ( t iber  wasserf rc iem CuSO 4 
getrocknet}.  F ix ieren ,  Waschen ,  EntwXssern bei + 2 bis 
+ 4 °. Die Ube r f / i h rung  in A z e t o n  erfolgte ,  wel l  ein neues 
E i n b e t t u n g s m i t t e l  t b e n u t z t  wurde.  Die Ul t rad t inn-  
schn i t t e  w u r d e n  mi t  d e m  neuen  Tr f ib -Tf iuber -Mikro tom 
nach  KELLENBERGER 5 mi t  Glasmessern  hergestel l t .  E in -  
b e t t u n g s m i t t e l  und Mik ro tom h a t t e n  sich bei einer 
U n t e r s u c h u n g  yon Zea Mais  und Vicia /aba sehr  gut  
bewS, h r t  s. 
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t 
l t ~  get ten,  dass  dieses Sys t em,  wo v o r h a n d e n ,  mi t  der  Aus-  

b i ldung  des S t r o m a - G r a n a m u s t e r s  in e inem,  wie auch  
gea r t e t en ,  k au s a l em Z u s a m m e n h a n g  s teh t .  

E.  HEITZ 

NIax-Planck-Inst i tut  ]itr Biologic, Tiibingen, den 
12. September 1956. 

Summary  

The  s a m e  per iodical  s t r u c t u r e  of t he  so-cal led  p r i m a r y  
g r an u m,  as found  in Chlorophytum, Aspidistra and  o t h e r  
m o n o c o t y l e d o n s ,  is shown  to  be p r e s en t  in a d i co ty l edon  
also. There  m u s t  exis t  a causal  connec t i on  b e t w e e n  t h a t  
la t t ice  and  t h e  d e v e l o p m e n t  of t he  l amel la r  s t r o m - g r a n a  
p a t t e r n ,  as was f i rs t  sugges t ed  by LEYON ~. 

I I 

A b b i l d u n g  1 zeigt  deu t t i ch  d iese lben r l iuml ich-per io-  
d i schen  Sys teme ,  wie sic bei  Chlorophytum u n d  Aspidi-  
stra g e f u n d e n  wurden .  Sic s t ehen  in d i r ek t e r  V e r b i n d u n g  
mi t  d e m  L a m e l l a r s y s t e m  der  G r a n a  und  des S t roma .  
LEYON 2 h a t  bei  A spidistra Stad ien  gefunden ,  die I(ir e ine 
B i ldung  der  S t r o m a l a m e l l e n  v o n d e r  K r i s t a l l g i t t e r s t r u k -  
t u r  aus  sp rechen ,  i n  unse re r  A b b i l d u n g  s ind ausser  den  
S t r o m a l a m e l l e n  auch  schon  Grana lame l l en  v o r h a n d e n .  
Wei t e r e  U n t e r s u c h u n g e n  mi issen  zeigen, wie die kompl i -  
z ie r ten  Bi lder  en tw ick lungsgesch i ch t l i ch  zu d e u t e n  sind.  

MI~HLETALER ha t  bei  Lil ium, Fritillaria und  Zea Mais  ~ 
B e o b a c h t u n g e n  ge lnach t ,  die  v o l l k o m m e n  d e n e n  an 
C hloroph ytum und  A s pidistra e n t s p r e c h e n .  

Mit der  v o r s t e h e n d e n  Not iz  ist  die Kr i s t a l lg i t t e r -  
s t r u k t u r  (oder, wie m a n  es vo r s i ch t ige r  n e n n e n  mag,  ein 
m i n d e s t e n s  zweiper iod isches  Sys tem)  auch  bei  e iner  
D i k o t y l e d o n e  nachgewiesen .  D a m i t  k a n n  es als ges icher t  

7 K.  MUHLETALER (mfindliche Mitteihmg). 

Xanthine Dehydro~enase in Bovine 
Blood Serum 

In  earl ier  s tud ie s  of t he  d i s t r i b u t i o n  of x a n t h i n e  
d eh y d ro g en as e ,  t h e r e  was a lack of re ference  to  its pres-  
ence in bloodL H o w e v e r ,  BLAUCH and  K o c h  found  t h a t  
t h e  add i t ion  o~[ x a n t h i n e  to  b lood  of t h e  r a t  and  gu inea  
pig resu l ted  in an  increase  of its uric acid con t en t s .  
These  au t h o r s  conc luded ,  there fore ,  t h a t  x a n t h i n e  oxid-  
ase was the  e n z y m e  respons ib le  for th is  process  '~. The  
b lood  of o t h e r  an i ma l s  t e s t e d  (man,  horse,  cow, goat)  
a p p e a r e d  to  be devo id  of t h i s  e n z y m e  3. 
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Fig. 1.--Increase production of uric acid and tetrazolium reduction 

by bovine serum incubated with xanthine at 37" C. 

In  t h e  course  of some  e x p e r i m e n t s  w i th  x a n t h i n e  
ox idase  in t h e  b lood  of severa l  an ima l s  4, we found  t h a t  
bov ine  se rum,  w h e n  in t h e  p re sence  of x a n t h i n e ,  is ab le  
to  r educe  the  t r i p h e n y l t e t r a z o l i u m  chlor ide  to  some  
e x t e n t :  th i s  process  be ing  due  to  a dehydrogenase .  A 
more  de ta i l ed  s t u d y  was t h e n  u n d e r t a k e n  to  d e m o n -  
s t r a t e  t h a t  x a n t h i n e  d e h y d r o g e n a s e  is the  e n z y m e  of t h e  
bov ine  b lood  se rum.  
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