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I ' A T P  es t  m a x i m u m  lorsque le r a p p o r t  [zmoles MgC1J 
~tmoles A T P  es t  6gal ~ 1/3. P a r  aitleurs, Ia v i tesse  d ' h y d r o -  
lyse du p y r o p h o s p h a t e  d e v i e n t  6ga lement  m a x i m u m  
lorsque le r a p p o r t  ~tmoles MgC1J~moles  P P  es t  ~gal ~ 1/3, 
mais  elle res te  m a x i m u m  lorsque la va leu r  de ce r a p p o r t  
augmen te .  

Tab. II. Influence du PCMB sur l'hydrolyse de I'ATP et du pyro- 
phosphate 

Exp. Contenu en PCMB Glutathion Pilib~rd Pilib6r6 
chlorophylle × 10-~M × 1O-~M ~ partir ~ partir 
des d'ATP de pyro- 
chloroplastes phosphate 
mg ~/,mole ~rnole 

1 3,5 0 - -  0,82 0,62 
1 - -  0,44 0,60 

10 - -  0,15 0,61 
2 3,2 0 0 0,68 

5 0 0,18 
5 10 0,53 

Conditions: voir Mat6riel et m6thodes. - Exp6rience 1 : Volume total 
600 [zl, Incubation 18 rain h 30 °. Exp6rience 2: Volume total 500 ptl, 
Incubation 16 min ~ 30 °. 

Tab. III. Effet du *vieillissement, des chloroplastes sur l'hydrolyse 
de I'ATP et du pyrophosphate 

Temps de Pi lib6r$ h partir Pi lib6r6 h partir 
, vieillissement* ~t 30 ° d'ATP de pyrophosphate 
min ~tmole ixmole 

0 0,66 0,44 
30 0,43 0,49 

120 0,35 0,41 

Conditions: voir Mat6riel et m6thodes. - Contenu en chlorophylle des 
chloroplastes 3,3 mg. Volume total 400 ~1. Incubation 15 rnin A 30 °. 

E f f e t  du PCMB:  Le  PCMB inh ibe  l ' hydro lyse  de 
I 'ATP,  mais  non  celle du  p y r o p h o s p h a t e .  L 'ac t iv i t6  
A T P a s i q u e  inhib6e pa r  le PCMB es t  r~g6n6rbe p a r  le 
g lu ta th ion  (Tableau II) .  

E f f e t  du  <ccieillissement~ des  ch loroplas tes :  Apr~s 
<,vieillissement~ des ch lorop las tes  (s6jour de  la suspension 
de ch loroplas tes  ~. 30 ° en absence  de  subs t ra t ) ,  I 'hydrolyse  
de I ' A T P  es t  n o t a b l e m e n t  ra lent ie  t and i s  que  celle du 
p y r o p h o s p h a t e  n ' e s t  pas  modifi6e (Tableau I I I ) .  

L ' ensemble  de ces r6sul ta ts  p e r m e t  de diff6rencier  dans  
les ch loroplas tes  de feuilles d '6p ina rds  l ' ac t iv i t6  de 
l ' A T Pa s e  de celle de la p y r o p h o s p h a t a s e  e t  indique  qu'A 
p H  7,6 l ' hydro lyse  de I ' A T P  est  due  p r o b a b l e m e n t  en 
g rande  pa t t i e  ~ une  A T Pa s e  sp6cifique. Cet te  ATPase  
sensible  aux  ions Mg 2+ e t  mise en 6vidence dans  les 
ch loroplas tes  m a i n t e n u s  ~ l 'obscur i t6  es t  insensible  A des 
effecteurs  posi t i fs  de  la p h o t o p h o s p h o r y l a t i o n :  FMN, 
PMS,  vit .  K3; elle semble  donc  diff6rente  de l 'ATPase  
s t imul~e pa r  la lumi~re, pa r  le P M S  ou le F M N  xLx~. Ses 
re la t ions  avec le sys t~me p l u r i e n z y ma t i q u e  qui ca ta lyse  la 
p h o t o p h o s p h o r y l a t i o n  r e s t e n t  h pr6ciser. 

S u m m a r y .  A T P  hydro lys i s  and  inorganic  pyrophos-  
p h a t e  hydro lys i s  in ch loroplas t s  of sp inach  leaves are 
cha rac te r i zed  b y  a d i f fe rent  p H  o p t i mu m,  a d i f ferent  
sens i t iv i ty  to  magnes ium ions, to  p -ch loromercur ibenzo-  
a te  and  to  ageing. I t  is conc luded  t h a t  A T P  and  inorganic 
p y r o p h o s p h a t e  are  l ikely hyd ro lyzed  b y  two di f ferent  
e n z y me s  in chloroplasts .  
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t ~ b e r  d i e  H e r k u n f t  d e r  I s o v a l e r i a n s ~ i u r e  
i m  M a g n a m y c i n  x 

I m  M a g n a m y c i n  2 is t  die 4 - H y d r o x y t g r u p p e  der  Myca-  
rose m i t  I sova le r i ansaure  (I) veres te r t .  Auch  in den 
A n t i m y c i n e n  k o m m t  I als E s t e r k o m p o n e n t e  vor  s. Wie  
unsere  f r i iheren U n t e r s u c h u n g e n  zur  Biogenese  des Mag- 
n a m y c i n s  zeigten,  w e r den  Ace ta t ,  P r o p i o n a t  und  d- 
Glucose n i ch t  in die  Isovaler ians i ture  e ingebau t  4. E s  w a r  
d a h e r  zu v e r m u t e n ,  dass  I du rch  A b b a u  des Leucins  
gebi lde t  wird  5. U m  dies zu pri ifen,  wurde  e inem no rma len  
F e r m e n t a t i o n s a n s a t z  s (250 ccm) von  S. halstedii  L -  
Leucin-[U-l*C] (5 ~C = 0,11 mg, Rad iochemica l  Centre  
Amersham)  zugese tz t  und  nach  2 Tagen  das  nach  Tr~ger- 
zusa tz  (200 mg) isolierte M a g n a m y c i n  bis zur  k o n s t a n t e n  
spezif ischen Akt iv i t f i t  gere inigt  (E inbau ra t e  0,16%) u n d  
a b g e b a u t  4. Die Ak t iv i t~ t sve r t e i l ung  zeigt  Tabelle I. 

Be im d i r ek t en  ~ b e r g a n g  yon  L-Leucin-[U-14C] in 
Isovaler ians~ure  sollte m a n  auch  in der  S~ure eine 
Gle ichver te i lung der  Akt iv i t l i t  e rwar ten ,  Dies is t  der  
Fall,  wie sich du rch  ]Zuhn-Ro th  O x y d a t i o n  yon  I zeigen 
l~isst (Tabelle II)7. 

Tab. I. AktivitStsverteilung im Magnamycin mit L-Leucin-[UJ4C] 
als Vorstufe. Messungen im Proportionatz~tblrohr mit Antikoinzidenz- 

anlage. Messfehlcr :~ 2% 

ipm/mMol % Aktivit/it 

Magnamycin 6030 100 
Carimbose 820 14 
Mycarose 470 8 
Isovalerians~iure • 4740 79 

als p-Bromphenaeylester. 

1 IX. Mitt. Zur Biogenese der Makrolide. VIII. Mitt. W. HOFrtErsz, 
H. GRISEBACH und H. FRIEBOLIN, Tetrahedron, im Druck. 

2 R. B. WOODWARD, Angew. Chem. 69, 50 (1957). 
a The P]izer Handbook o] Microbial Metabolites (Ed. M. W. MILLER, 

MC Graw-Hill Book Co., New York 1961), p. 134. 
H. GRISEBACH und H. ACHENBACH, Z. Naturforschg. 17b, 63 (1962}. 
Metabolic Pathways (Ed. D. M. GREESBER6, Academic Press, New 
York 1961), vol. II, p. 102. 

6 H. GRISEBACrI und H. ACHENBACH, Z. Naturforschg. 17b, 6 (1962). 
Die Arbeit wurde durch die Deutsche Forschungsgemeinschaft und 
den Fonds der Chemischen Industrie unterstfitzt. 
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Tab. II. Kuhn-Roth-Abbau tier IsovaleriansAure. Messfehter ~ ~% 

ipm/mMol % Aktivit/it 
gefunden erwartet 

IsovaleriansAure 4740 100 
Essigs~iure a 1810 38 40 

als p-Nitrobenzylester. 

Summary. L-Leuc ine  is t he  p recu r so r  of t he  i sovaler ic  
acid in m a g n a m y c i n ,  as could be d e m o n s t r a t e d  w i t h  
L-Leuc ine-  [U-X4]. 

H.  GRISEBACH und  H. ACHENBACH 

Chemisches Laboratorium der Universitdt Freiburg i. Br. 
(Deutschland), 11. September, 1962. 

Flavonoid Sophorosides 

Sophorose  (g lucosy l ( l+2) - f l -g lucose)  was  f i rs t  iso- 
l a ted  1 f rom t h e  u n r i p e  pods  of Sophora japonica, in  
which  i t  occurs  c o m b i n e d  w i t h  k a m p f e r o l  as t h e  3- 
sophoroside .  I t  was  l a t e r  f o u n d  as  t h e  d i s accha r ide  u n i t  
of s tevioside,  a v e r y  swee t  g lycoside  occur r ing  in t h e  
leaves of Stevia rebaudiana ~. I t s  s t r u c t u r e  h a s  been  con-  
f i rmed  b y  a t  l eas t  two  s y n t h e s e s  8,4 b u t  no  o t h e r  r epo r t s  
of i ts  n a t u r a l  occur rence  h a v e  a p p e a r e d  5. R e c e n t  s tud ies  
of t h e  sugar s  a t t a c h e d  to  t h e  a n t h o c y a n i n s  a n d  f i avones  
isola ted f rom m a n y  p l a n t  sources  n o w  show t h a t  sophor -  
ose is c o m m o n l y  assoc ia ted  in  n a t u r e  w i t h  t h e s e  pig- 
ments .  

I n  t he  a n t h o c y a n i n  series, f ive p i g m e n t s  c o n t a i n i n g  
sophorose  h a v e  b e e n  found .  T h e y  are  t he  3-sophoros ides  
a n d  t h e  5-glucoside 3-sophoros ides  of p e l a r g o n i d i n  a n d  
c y a n i d i n  a n d  t h e  7-glucoside 3-sophoros ide  of pe lar -  
gonidin .  One  or  o t h e r  of these  p i g m e n t s  h a s  b e e n  iden t i -  
f ied in  t h e  fo l lowing p l a n t s :  Brassica oleracea, var .  rubra 
(leaves), f ive species of Papaver (petals),  Phaseolus multi- 
floras (flowers), Raphanus sativus (roots),  Tropaeolum 
ma]us (petals)  a n d  t h r e e  species of Watsonia (petals).  
The  occur rence  of c y a n i d i n  3-sophoros ide  in  Papaver 
rhoeas requ i res  specia l  m e n t i o n ,  because  t h i s  p i g m e n t  
(called mecocyan in )  was  o r ig ina l ly  t h o u g h t  to  be  t h e  3- 
gent iobios ide  s a n d  a p r e l i m i n a r y  r e i n v e s t i g a t i o n  7 sug- 
ges ted  t h a t  i t  m i g h t  be  t h e  3-cellobioside.  More  de ta i l ed  
s tudies ,  i n v o l v i n g  e l ec t r opho r e t i c  a n d  c h r o m a t o g r a p h i c  
compar i son  of i t s  suga r  w i t h  al l  t h e  e i g h t  k n o w n  glucosyl-  
glucoses, n o w  show t h a t  i t  is t h e  3-sophoroside.  I t  shou ld  
also be  m e n t i o n e d  t h a t  t h e  c y a n i d i n  p i g m e n t  occur r ing  
in  acy l a t ed  fo rm in  r ed  cabbage ,  n o w  iden t i f i ed  as  t h e  
5-glucoside 3-sophoroside,  was  ear l ie r  r epo r t ed  to  be  a 
3- t r iglucoside s. Sophorose  was  i so la ted  f rom these  pig- 
m e a t s  in  exce l l en t  y ie ld  b y  ox id iz ing  a w a y  t h e  a n t h o -  
cyan id ins  to  w h i c h  i t  was  a t t a c h e d  w i t h  HsO~, as f i rs t  
descr ibed  b y  KARRER g a n d  l a t e r  mod i f i ed  b y  CHAI~DLER 
a n d  HARPER 1°, De ta i l s  of s t r u c t u r a l  s tud ies  on  t h e  a n t h o -  
cyan id in  sophoros ides  will  b e  desc r ibed  e l sewhere  n .  

I n  t h e  f l avone  seri0s, a t  l eas t  t en  p i g m e n t s  c o n t a i n i n g  
sophorose  a re  n o w  known .  T w o  of these ,  t h e  3-sophoro-  
sides of kampfe ro l  a n d  querce t in ,  a p p e a r  to  occur  widely.  
Thus ,  t h e  k a m p f e r o l  a n d  q u e r c e t i n  3-diglucosides re-  
c e n t l y  r epo r t ed  ~,x3 to  occur  in  t h e  pe ta l s  of n i n e t e e n  
wild p o t a t o  species h a v e  now  been  iden t i f i ed  as  t h e  3- 
sophorosides .  Also, t h e  3-di- a n d  3-tr iglucoside,  7- 
r h a m n o s i d e s  of k a m p f e r o l  p r e s e n t  in  p o t a t o  seeds yie ld  
sophorose  o n  hydro lys i s  or  o n  ox ida t ion .  F u r t h e r ,  i t  is 
l ikely on  gene t ic  g r o u n d s  as t h a t  t h e  3 -g lucosy l rhamnosy l -  
glucosides of k a m p f e r o l  a n d  querce t in ,  occur r ing  in  
p o t a t o  f lowers w i t h  t h e  3-sophorosides,  c o n t a i n  a fl 1 + 2 
l ink ;  t h e  t r i s accha r ide  a t t a c h e d  to  t he se  t w o  p i g m e n t s  
m a y  be  f o r m u l a t e d  as glucosyl(1 --> 2)-f l - rhamnosyl-(  1--~ 
6)-a-glucose. T h i s  f o r m u l a  t a k e s  i n t o  a c c o u n t  t h e  f ac t  

t h a t  ru t inose ,  a c o n s t i t u e n t  of t he  t r i sacchar ide ,  has  
r ecen t ly  been  found  to  h a v e  a n  ~- r a t h e r  t h a n  a r -  
l inkage  x4. Again ,  t he  que rce t i n  3-diglucoside 7-glucoside 
f o u n d  a t  t he  s ame  t i m e  x,,~3 in a n o t h e r  so lanaceous  p l a n t ,  
t h e  c u l t i v a t e d  Petunia, is n o w  s h o w n  to  be t h e  3-sophoro-  
side 7-glucoside. I n d e p e n d e n t  con f i rma t ion  of th i s  con-  
c lus ion is p r o v i d e d  b y  BIRKOFER a n d  KAISER ~5, who  
h a v e  j u s t  i so la ted  th i s  p igmen t ,  t he  co r r e spond ing  k a m p -  
feroi d e r i v a t i v e  a n d  t h e  two  r e l a t ed  sophoros ides  f rom the  
s ame  p l an t .  Que rce t i n  3-sophoros ide  7-glucoside also 
occurs  (acy ta ted  w i t h  caffeic acid) in  t h e  f lowers of 
Helleborus/oetidus (faro. Ranuncu laceae ) .  

K a m p f e r o l  a n d  q u e r c e t i n  3-sophorosides  h a v e  also been  
d e t e c t e d  in t h e  leaves  of Pisum (bo th  wild a n d  cul t i -  
va ted )  1, a n d  in  t he  pe ta l s  of m o s t  wild  and  g a r d e n  roses. 
I n  t h e  case of Pisum, i t  is c lea r  t h a t  t he  3-tr iglucosides,  
wh ich  a c c o m p a n y  t he  3-sophorosides  a n d  wh ich  occur  in  
acy l a t ed  form,  c o n t a i n  one, if n o t  two,  fl 1 --~ 2 l inkages.  
These  acy l a t ed  t r ig lucos ides  h a v e  been  s tud ied  in  some 
de ta i l  b y  o t h e r  workers  xT,xs because  of t h e i r  i n h i b i t o r y  
effect  on  indoleace t ic  acid oxidase.  The  k a m p f e r o l  a n d  
que rce t i n  'monoglucos ides '  r e p o r t e d  to  occur  in  t h e  
v a r i e t y  'A la ska  'xs mus t ,  f rom t h e i r  Rf -va lues  a n d  f rom 
our  own  s tudies ,  b e  3-sophorosides  or 3-tr iglucosides.  
A n o t h e r  r e l a t ed  p i g m e n t  occurs  cha rac t e r i s t i ca l ly  in t h e  
field pea,  Pisum arvense; i t  is a n  acy l a t ed  kampfe ro l  3- 
ga lac tosy lsophoros ide .  I n  Rosa, t h e  3-sophorosides  h a v e  
been  de t ec t ed  in 14 o u t  of 25 species e x a m i n e d ;  t h e y  
occur  here  in  assoc ia t ion  w i t h  t h e  co r r e spond ing  3- a n d  
4'-glucosides.  
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