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Relative molare Aktivit~ten yon Plumierid und seinen Abbauprodukten 

EXPRRIENTIA X X / 5  

Verbindung 

Aeetat- 1-taC-Experiment Mevalonat-2-t4C-Experiment 

Gel. % Bet. % Gel. % Ber. % 

Plmnierid (I) 
Hexahydro-desoxyplumierid (II) 
Aglykon D (III) 
Tetrahydro-desox yplumierid (IV) 
Tetrahydro-desoxyplumierid-S~iure (V) 
CO~ aus der Carboxylgruppe yon V • 
Ameisens~ure (VI) 
Essigs~iure (VII)b 
Propions~ure (VIII) 
Bernsteins~iure (IX) 
~thylbernsteins~iure (X) 
CO 2 aus der Carboxylgruppe von VII* 
Iodoform aus der Methylgruppe yon VII* 
COa aus den Carboxylgruppen yon X a 

100,0 100 100,0 100 
99,9 100 98,7 100 
99,8 I00 100,4 100 

- 100,0 100 
-- -~ 100,7 lOO 
- - 24,9 25 
0,45 0 25,1 25 

45,2 50 0,85 0 
44,6 50 1,1 0 
4,1 0 44,3 50 

90,3 100 0,91 0 
41,3 50 - - 

1,1 0 - - 
28,6 25 - - 

Dutch Hochvakuumpyrolyse yon V, b durch modifizierte Kuhn-Roth-Oxydation, ~ dureh Pyrolyse des Li-Salzes im Hochvakuum, d durch 
modifizierten Schmidtsehen Abbau. 

jenigen der  aus zwei Mevalonstture-2-a4C-Einheiten ge- 
b i lde ten  t e rpeno iden  Se i tenke t te  im Mycel ianamid  18. Die 
U m w a n d l u n g  Ci t ronel la l - ->Ir idodial  liess sich in vitro 
verwirk l ichen  1L Die bisher  Die b e o b a c h t e t e  x~ Gleichver-  
te i lung der  Mark ie rung  auf  die C-Atome  3 und  15 im 
P lumier id  e r fo rder t  die E i n s c h a l t u n g  eines Zwischen-  
p roduk tes ,  z .B.  A, in d e m  diese zwei C-Atome e inande r  
vo l lkommen  t tquivalent  sind.  

Dasselbe  S c h e m a  gilt  ve rmu t l i ch  fiir die P lumer ic ine  
u n d  Fulvoplumier in .  Ob das  aus 10 K o h l e n s t o f f a t o m e n  
bes t ehende  Aglykonger i i s t  de r  in der  E in le i tung  genann-  
t e n  t e rpeno iden  Pf lanzens tof fe  ebenfal ls  aus zwei Meva-  
lonst iureeinhei tcn au fgebau t  wird,  b te ibt  noch  abzu-  
klgren.  Sowei t  b e k a n n t ,  en t sp rechen  diese V e r b i n d u n g e n  
hins ichf l ich  ih re r  abso lu ten  Konf igura f ion  dem Plu-  
mier id  is. 

Summary. I t  has  been shown t h a t  the  leaves of PI. 
acuti/olia incorpora te  acetate-l-14C and  mevalonate-2-14C 

specifically for the  fo rma t ion  of the  aglycone m o i e t y  of 
p lumier ide .  
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Is Bekannt ist die absolute Konfiguration yon Verbenalin 6, Genipin 4 
Aueubin (siehe eine spfitere Mitteitung) und damit auch von Catal- 
posid (W. H. Lu~N, D. W. EDWARD und J. T. EDWARD, Chem. 
and Ind. 1961, 1488). 

x9 Wit danken dem Schweizerischen Nationalfonds sehr ffir die 
Unterstiitzung der Arbcit, Herrn Dr. J. WORSCH (F. Hoffmann° 
La Roche & Cie., Basel) fiir markiertes Mevalons$iure-lakton und 
Herrn Prof. D. ARIGONI (ZfiRICH) fiir interessante Diskussionen. 

T h e  B i o s y n t h e s i s  o f  D i t e r p e n o i d  A l k a l o i d s  

In  r ecen t  years  i t  has  genera l ly  been  a s sumed  t h a t  the  
C20 and  C19 skele tons  of t he  alkaloids i sola ted  f rom p lan t s  
of t he  Garraya, Delphinium a n d  Aconitum species were  
te rpenoid ,  and  as such p roduced ,  in rive, f rom ace ta te  
un i t s  b y  t h e  ' m e v a l o n a t e  p a t h w a y '  so well e s tab l i shed  
for t he  b iosynthes i s  of m a n y  non-alkatoidM te rpenes  I. 
Thus  these  alkaloids are  c o m m o n l y  referred to  as t he  
diterpenoid alkatdids. 

The recen t  r epo r t  b y  HERBERT and  KIRBY ~ t h a t  the re  
was  no de tec tab le  incorpora t ion  of meva lon ie  acid-2-x4C 
into  delphel ine (I, R t = H ,  R~---H, R a + R 4 = C H  v Rn=CHa)8 
b iosyn thes ized  in Delphinium elatum is there fore  m o s t  
surpr is ing and  has  p r o m p t e d  us to  c o m m u n i c a t e  the  re- 
sul ts  of our  ini t ial  expe r imen t s  on the  b iosynthes is  of 
b rownine  (I, R I = O C H  v Ra=CHa,  R a = H ,  Rt=I-I ,  R s = H  ) * 

and  lycoctonine  (I, R t = O H ,  R 2 = C H  v R n = H ,  R ~ = H ,  
Rs=CHa)  ~. 

,¢, ! 

OR~ 

OH20R~ o.°~ 
R~ (I) 

Sodium acetate- l - t4C,  -2-14C and  mevalon ic  acid-2-t4C 
d ibenzy le thy l ened iamine  sal t  were fed 6a to D. brownii 
p lan t s  jus t  pr ior  to  blossoming.  Af te r  8 days  the  above-  
g round  por t ion  of the  p lan t s  were ha rves t ed ,  the  alkaloids  
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Compound fed Amount fed to % incorporation into alkaloids Specific activity of 
12 plants pure alkaloids 

unhydrolysed hydrolysed 

Sodium acetate_l.~4C 250 #C 0.007 0.002 9.0 x 10 -5 IzC]mM 
Sodium acetate_2.14 C 100/*C 0.006 0.003 2.5 x 10-* I~ClmM 
Mevalonic acid-2-14C, DBED salt 50/~C ~ 0.010 0.006 2.0 x 10-* I.,C[mM 

Hydrolysis removes esterifying acids which, in the case of lycoctonine include methylsuccinic and anthranilic acids s. u Fed to 6 plants, 
6 Untreated plants were added prior to extraction of the alkaloids. All counting was performed using the Nuclear-Chicago 'Dynacon', Vibrat- 
ing-reed electrometer-ionisation chamber assembly. 

ex t r ac t ed ,  h y d r o l y s e d  a n d  s e p a r a t e d  b y  c h r o m a t o g r a p h y  
on a lumina .  B rown i ine  was  i so la ted  as t h e  c rys ta l l ine  per-  
chlora te ,  l ycoc ton ine  as t he  c rys ta l l ine  h y d r a t e ,  

F r o m  the  resu l t s  g iven  in t he  Tab le  i t  c an  be seen t h a t  
a l t h o u g h  t he  ' i n c o r p o r a t i o n s '  were poor  Bb, t h e y  were con-  
s i s t en t  w i t h  t h e  p a t t e r n  expec t ed  f rom a ' n o r m a l '  t e r pene  
b iosyn thes i s .  W i t h i n  e x p e r i m e n t a l  error ,  t h e  specific ac- 
t iv i t i es  of t he  pure  b r o w n i i n e  a n d  lycoc ton ine  were t he  
same,  in  all  cases, c o n s i s t e n t  w i t h  a c o m m o n  precursor .  

HERBERT a n d  KIRBY sugges ted  t h a t  t he  fa i lure  to  in-  
co rpora t e  meva lon i c  ac id  i n to  t h e  a lka lo ids  of D. datum 
was due  to unsuccessfu l  c o m p e t i t i o n  w i t h  t h e  b io syn thes i s  
of non -a lka lo ida l  t e rpenes .  (They  found  0 .02% incorpora -  
t ion  of m e v a l o n i c  ac id  i n to  f l-si tosterol  b iosyn thes ized ,  
ove r  4 days ,  in  D. datum.) Howeve r ,  we suspec t  t h a t  t h e  
p r i m a r y  s i te  of a lka lo id  b i o s y n t h e s i s  in D. brownii is in  
t he  roo ts  a n d  if t h i s  is also t h e  case w i t h  D. datum, t h e  
fa i lure  of HERBERT a n d  :KIRBY to  obse rve  i n c o r p o r a t i o n  
of m e v a l o n i c  acid i n to  t h e  a lka lo ids  m a y  b e  a sc r ibed  to  
t h e i r  use  of d e t a c h e d  leaves  for  t h e i r  e x p e r i m e n t s .  T h e i r  
f u r t h e r  resul t ,  t h a t  m e t h i o n i n e ,  methyl-x*C was  incor-  
p o r a t e d  (0 .025%) i n to  de lphe t ine ,  p r i m a r i l y  i n to  t h e  
m e t h o x y l  g roups  of t he  a lkaloid ,  u n d e r  these  cond i t ions ,  
implies  e i t h e r  t h a t  t h e r e  is m e t a b o l i c  equ i l i b r i um  b e t w e e n  
m e t h y l a t e d  a n d  d e m e t h y l a t e d  a lka lo ids  in  t h e  leaves,  or  
more  p r o b a b l y  t h a t  m e t h y l a t i o n  occurs  in  t h e  leaves,  of 
a lka lo id  b io syn the s i zed  e lsewhere  in t h e  p lan t .  The re  are  
ce r t a in ly  p r e s e n t  in  t he  leaves  of D. brownii a lka lo ids  
which ,  f rom t h e i r  c h r o m a t o g r a p h i c  b e h a v i o u r ,  a p p e a r  to  

c o n t a i n  more  free h y d r o x y l s  t h a n  b r o w n i i n e  or  lycocto-  
n ine  a n d  wh ich  we hope  will p rove  to  be  t h e  u n m e t h y l a t e d  
p recursors  of these  a lkaloids ,  

Zusammen/assung. Die d i t e r p e n o i d e n  Alka lo ide  B r o w n i -  
in u n d  L y c o c t o n i n  w u r d e n  in vivo aus  MevalonsAure-2-  
14C herges te l l t .  Sic ze ig ten ,  aus  Aceta t - l -14C u n d  -2-1'C 
gewonnen ,  eine ger ingere  W i r k s a m k e i t .  Die B i o s y n t h e s e  
dieser  Alka lo ide  s che in t  s o m i t  de r  de r  a n d e r e n  T e r p e n e  
analog.  

i .  H. BENN a n d  JUDITH MAY 

Chemistry Department, University o/Alberta, Calgary 
(Canada), January 31, 1964. 
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(a) Injected in aqueous solution into the stem cavities. (b) The in- 
corporations could probably be improved by using the 'wick 
method' (E. LEETE, J. Amer. chem. Soc, 84, 55 (1962)) and feed- 
ing earlier in the development of the plant. 

A Procedure for the Preparation of 
Gram-quant i t ies  of Bacterial Cell Walls 1 

M a n y  m e t h o d s  are  ava i l ab l e  for  t he  p r e p a r a t i o n  of bac-  
t e r i a l  cell wal ls  2. Most  of these ,  howeve r ,  suffer  f rom t h e  
d i s a d v a n t a g e  t h a t  on ly  sma l l  a m o u n t s  of b a c t e r i a  (usu- 
a l ly  to  400 m g  d r y  weight )  c a n  be  d i s r u p t e d  in  a single 
opera t ion .  T h e  use  of c o m m e r c i a l l y  ava i l ab l e  b l ende r s  or  
homogen ize r s  for  t h e  d i s r u p t i o n  of large  q u a n t i t i e s  of  
m ic roo rgan i sms  was or ig ina l ly  desc r ibed  b y  LAMANNA a n d  
~tIALLETTE s b u t  seems to h a v e  been  over looked  b y  s t u d e n t s  
of bac t e r i a l  cell walls. W e  h a v e  found  t h a t  t h e  Omni -  
Mixer  H i g h s p e e d  Homogen ize r*  can  be  used  for  t h e  effi- 
c ien t  d i s r u p t i o n  of r e l a t i ve ly  large q u a n t i t i e s  of bac t e r i a l  
cells. Th i s  h o m o g e n i z e r  offers t h e  a d d e d  a d v a n t a g e  over  
o t h e r  t ypes  of homogen i ze r s  in  t h a t  i t s  s ta in less  s teel  
mix ing  c h a m b e r  is m o u n t e d  on  a m o v a b l e  b racke t .  The  
c h a m b e r  c an  t h u s  be  lowered i n to  a t e m p e r a t u r e - c o n t r o l  

b a t h .  Us ing  t h i s  homogen ize r ,  t o g e t h e r  w i t h  a h igh - speed  
cen t r i fuge  w i t h  large  capac i ty ,  g r a m - q u a n t i t i e s  of cell 
wal ls  c a n  be  r ead i ly  p r e p a r e d .  

C o m m e r c i a l l y  a v a i l a b l e  cells of Micrococcus lysodeik- 
ticus 5 were  used  in  t he se  e x p e r i m e n t s .  T h e  glass  b e a d s  
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