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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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Jo in t ly ,  these  resul ts  show t h a t  sophorose,  far  f rom 
be ing  a rare  sugar,  is t he  c o m m o n e s t  g lucose-conta in ing  
d isacchar ide  associa ted  wi th  t he  f lavonoids.  Gent iobiose  
is t he  only  o the r  glucose d i sacchar ide  y e t  found  as a 
c o m p o n e n t  of f lavonoids,  and  p i g m e n t s  w i th  th is  sugar  
are only  k n o w n  to  occur  in two  plants ,  n a m e l y  Primula 
sinensis ~ and  Tritonia 11. 

I t  is in te res t ing  to  compare  th is  f inding of glucosyl  
(1 ->- 2)-fl-glucose in f lavonoid  p i g m e n t s  w i t h  t he  s i tua t ion  
in p l a n t  polysacchar ides ,  in which  fl 1 --~ 4 and  fl 1 --> 6 
l inks are t h e  m o s t  c o m m o n ;  and  wi th  t h e  s i tua t ion  in 
phenol ic  glycosides,  fo rmed  w h e n  phenols  are fed to  
p lan ts ,  in which  the  only  l inkage found  is fl 1 -~  4 la.~0. 
The  e n z y m e  s y s t e m  ca ta lys ing  the  syn thes i s  of fl 1 -)- 2 
links t h u s  appear s  to  be r a t h e r  localized in i ts  d i s t r ibu t ion  
in t he  p l a n t  and  to  d i sp lay  a considerable  degree  of 
specif ici ty.  This  is borne  ou t  by  t h e  fact  t h a t  a m o n g  all 
t h e  p l a n t s  so far  found  to  con ta in  sophorose,  no example  
has  been  found  where  a n t h o c y a n i n s  a n d  f lavones  co- 
occurr ing  are  b o t h  l inked to  th i s  sugar .  This,  in effect,  
means  t h a t  w h e n e v e r  a second glucose is t r ans fe r red  to  
a I lavonoid  monoglucoside, '  t he  s y s t e m  ca ta lys ing  the  
t r ans fe r  is specific for a n t h o c y a n i d i n  or f lavonol.  Primula 
sinensis, in which  re la ted  an thocyan id in  and  f lavonol  3- 

gent iobios ides  a n d  3-tr iglucosides have  been  found  7, is 
the  on ly  k n o w n  excep t ion  to  th is  rule~L 

Zusammen/assung. Der  sel tene Zucker  Sophorose 
konn te  mi t  der  D i saccha r id -E inhe i t  yon  A n t h o z y a n e n  
ident i f iz ier t  werden ,  die in Ar t en  yon  Brassica, Papaver, 
Phaseolus, Raphanus, Tropaeolum und  Watsonia vor-  
k o mme n ,  u n d  yon  F lavonen ,  die in Helleborus, Petunia, 
Pisum, Rosa und  Sotanum v o r h a n d e n  sind.  Es  sche in t  
das  a m  h/~ufigsten au f t r e t ende ,  g lucosehal t ige  Disacchar id  
m i t  d iesen Fa rbs to f f en  i ibe re inzus t immen.  

J. B. HARBORNE 
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England), August 21, 1962. 
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T h e  E f f e c t  o f  s o m e  S u r f a c e  A c t i v e  D r u g s  o n  t h e  
A s s i m i l a t i o n  o f  A m m o n i u m  I o n s  b y  a S t r a i n  o f  

Pseudomonas aeruginosa 

There  is general  ag reemen t  t h a t  surface act ive  agents  
are adso rbed  on  the  cell surface of bac te r i a  a n d  yeas t .  At  
ce r ta in  concen t r a t ions  th is  adso rp t ion  resul ts  in a leakage 
f rom t h e  celt of p o t a s s i u m  ~'2 , amino  acids  3, pur ines  and  
pyr imid ines  4 and  u n d o u b t e d l y  o the r  cell cons t i tuen t s .  
At  the  same t ime the  oxygen  u p t a k e  and  CO 2 p roduc t ion  
m a y  be increased 5," and  ce r ta in  subs t r a t e s  no t  oxidized 
by  the  n o r m a l  cell m a y  be oxidized p r e s u m a b l y  because 
the  subs t r a t e  has  access to  the  enzyme  once a bar r ie r  has  
been r e m o v e d  by  the  drug 1. Some enzymes  are in- 
h ib i t ed  7-10. 

In  the  following, i t  will be s h o w n  t h a t  a s t r a in  of 
Pseudomonas aeruginosa ass imi la tes  a m m o n i u m  ions in 
t he  presence  of an oxidizable  subs t r a t e  and  sod ium and  
po t a s s ium ions. In  t he  absence  of  p o t a s s i u m  ions v e r y  
l i t t le ass imi la t ion  occurs.  Ass imi la t ion  can be res to red  
however  by  the  add i t ion  of a p rope r  concen t r a t ion  of 
e i ther  p o l y m y x i n  ]3 or benza lkon ium chloride.  The 
anionic de t e rgen t  sod ium a lky lbenzene  sul fonate  is 

re la t ive ly  ineffect ive  a l t hough  i t  and  the  ca t ionic  com- 
p o u n d s  m a y  increase the  ox ida t ion  ra te  of t he  subs t ra te .  

A s t ra in  of Pseudomonas aeruginosa k e p t  in th is  lab- 
o ra to ry  for f i f teen years  was  grown for 24 h a t  34 ° on 
Bac to  N u t r i e n t  ]3roth. The cells were t h e n  cent r i fuged 
down,  washed  twice wi th  wa te r  and  f inal ly suspended  in 
0.05 M Na p h o s p h a t e  buffer  to  a s t a n d a r d  opt ica l  densi ty .  
Despi te  this ,  t h e r e  was  cons iderable  va r i a t ion  f rom ex- 
p e r i m e n t  to  expe r imen t .  Since the  n u m b e r  of molecules 
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The effect of 10 [/.g/ml polymyxin B, 5 [zgjml benzalkonium chloride, 80 ptg/ml sodium alkylbenzene suifonate, and 0.025 M potassium phosphate 
pH 7.7 on the oxidation of t.0 mg sodium succinate (6H~O) on the assimilation of ammonimn ions. The cells were suspended in 0.05M 
sodimn phosphate buffer pH 7.7 except when potassium was present when 0.025 M sodium bulfer was used. The concentrations of the drugs are 

optimal or very near it, 26 [xg of NHa-N was added as NH4C1 

Additions Incubation time 02 uptake ~g NHa-N [xg NHa-N × 100 Mean and S.D. of ratio 
rain ~.1 assimilated ~10 s for 6-8 experiments 

None 80 113 4 3.5 2.5 =t= 1.8 
Benzalkonium chloride 80 107 9 8.4 8.6 =I: 3.4 
Polymyxin B 80 129 9 7.0 7.3 ! 4.1 
Sodium alkyl benzene sulfonate 80 137 6 4.4 4.3 ~ 1.3 
KH2PO a 40 85 8 9.4 10.5 :~: 1.4 


