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Q u a t e r n a r y  A m m o n i u m  B a s e s  

i n  t h e  T o m a t o  P l a n t  

( 2 - c h l o r o e t h y l ) t r i m e t h y l a m m o n i u m  chlor ide (chloro- 
chol ine chloride, CCC) and  re la ted  c o m p o u n d s  have  
m a r k e d  g rowth - inh ib i to ry  effects  when  appl ied  to  m a n y  
p lan t s  ~-a. I t  is therefore  of in t e res t  to  s t u d y  the  effect  of 
the  appl ica t ion  of these  subs tances  u p o n  the  m e t a b o l i s m  
of na t ive  choline and  choline de r iva tes  in t he  p lant ,  and  to  
consider  a possible role of these  na t ive  subs t ances  in t h e  
g rowth  process.  

B y  means  of p a p e r  c h r o m a t o g r a p h y ,  a p re l imina ry  in- 
ves t iga t ion  of t h e  q u a t e r n a r y  a m m o n i u m  bases  of un-  
t r ea t ed  t o m a t o  p l a n t s  has  been  made .  The m e t h o d s  used 
were deve loped  f rom those  of  MAYR and  PRI~SOLY 4, who  
repor ted  the  presence  in e x t r a c t s  of t o m a t o  and  w h e a t  
p lan t s  of a Dragendor f f - r eac t ive  subs t ance  wh ich  t h e y  
were provis ional ly  unab le  to  d i s t ingu ish  f rom CCC. As 
descr ibed below, we h a v e  now been  able to  resolve th is  
u n k n o w n  s u b s t a n c e  i n t o  t h ree  c o m p o n e n t s ,  all d is t ing-  
uishable  f rom CCC. 

C h r o m a t o g r a m s  of aqueous  ex t r ac t s  of young  t o m a t o  
p l an t s  (vat .  B o n n e r  Beste)  on W h a t m a n  No. 1 p a p e r  were  
run  in  t h e  foIlowing so lven t  s y s t e m s :  

(1) isopropanol-ammonia-water 80: 5:15 
(g) n-butanol-aeetieaeid-water 4:1 : 5 
(3) n-butanol-ethanol-water 5: t : 4 
(4) ethanol-water 8:1 

The following colour  r eagen t s  were  used :  

(1) Modified Dragendorff reagent: TmEss and REUTUER ~ 
(~) Phosphomolybdie acid reagent: C~ARGAFF et al. * in the modifi- 

cation cited by HAIS and MACEK v 
(3) Iodine vapour 
(4) Iodoplatinate reagent : MERCK s 
(5) Ammoniummolybdate-perchlorie acid reagent : HAVES and ISHER- 

WOOD 9. 

Three  reac t ive  subs tances ,  S I, S II,  and  S I I I  were 
recognised  in t he  p l a n t  ex t rac t s ,  of which  S II  gave the  
colour  reac t ions  and  Rf  values  of choline. Rf  values  and  
colour reac t ions  of these  th ree  n a t u r a l l y  occurr ing  sub-  

s tances  and  of k n o w n  ma r k e r  c o m p o u n d s  are given in 
Tables  I and  II .  

No evidence  could be found  of p roduc t ion  of the  water- 
soluble bases  f rom phosphol ip ids  dur ing  the  extract ion 
p rocedure  (co ldwa te r  ex t r ac t i on  of f rozen material) ,  but 
such a p roduc t ion  in t he  br ief  in te rva l  b e t w e e n  harves t ing 
and  freezing could no t  be ru led  out.  

The v a c u u m - c o n c e n t r a t e d  aqueous  e x t r a c t s  were 
puri f ied by  a lcohol -prec ip i ta t ion  and  passage  of the 
alcoholic so lu t ion  t h r o u g h  an a lumin ium oxide column. 
C h r o m a t o g r a p h y  of t he  co lumn f i l t ra te  y ie lded one re- 
ac t ive  spot ,  S i I I ,  w i th  occasional  t races  of  S I and  S I i .  

W h e n  the  co lumn  f i l t ra te  was  sub jec t ed  to  paper  
e lee t rophores is  on W h a t m a n  No. 3 MM p a p e r  in phospha te  
buffer  p H  6 a t  5 mA and  30 V per  cm, c h r o m a t o g r a p h y  of 
e luates  f rom the  region nea r  t he  s t a r t i n g  line yielded 
m a i n l y  subs t ance  S I i I ,  w i t h  smal l  a m o u n t s  of  S I I ,  while 
S I and  S I I ,  b u t  n o t  S I t I ,  were  p r e s e n t  in t he  ca thode  
region of t he  e tec t ropherogram.  W h e n  e lec t rophores is  was 
con t inued  unt i l  no Dragendor f f - r eac t ive  m a t e r i a l r e m a i n e d  
a t  t h e  s t a r t i n g  line, only  S I and  S I I  could be  recovered,  
S I I I  h a v i n g  d i sappeared .  

I t  m a y  be conc luded  t h a t  t h e  ma in  q u a t e r n a r y  am- 
m o n i u m  base  e x t r a c t a b l e  f rom t o m a t o  p l an t s  b y  the 
m e t h o d s  used is a subs t ance  S I I I ,  which  is no t  choline, 
b u t  is readi ly  conver t ib le  to  chol ine (S II)  and  a th i rd  
subs tance ,  S I, du r ing  e tec t rophores is .  A close re la t ionship  
be tween  the  subs t ances  is sugges ted  b y  t h e  i d e n t i t y  of 
the i r  colour  reac t ions  and  b y  the  cons iderable  ta i l ing of 
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Tab. I. RI values of known quaternary ammonium bases and of those in tomato extracts (see text) 

S I S II S I I I  Choline Aeetylcholine Phosphorylcholine~ CCC 

0.26 0.35 0.26 b 0.00 0.29 
0.26 0.28 0.17 c 0.30 0.38 

0.24 
0.03 0.15 0.19 0.14 0.18 0.20 
0.29 0.58 0.59 0.57 0.00 0.61 

Isopropanol-ammonia-H~O 0.13 
Butanol-acetic acid-H20 0.26 

Butanol-ethanol-H20 
Ethanol-H20 

As calcium salt. b Hydrolysed in this solvent system. ~ Gives a double sFot in this solvent system. 

Tab. II. Colour reactions of chromatogram spots (see text)  

S I S II S I I t  Choline Aeetyleholine Phosphoryleholine CCC 

Dragendorll violet violet 
Phosphomolybdate blue + + blue + 
Iodine vapour tr. tr. 
Iodoplatinate tr. tr. 
Molybdate-perchlorie 0 0 

violet violet orm~ge-red orange-red 
blue + + + blue + blue + blue tr. 
- -  tr. tr. - -  
tr. tr. tr, - -  
0 0 - -  blue 

carmine-red 
blue + + + 
+ + +  
blue + + + 
0 

0 = no reaction; - -  ~ not tested. 
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spots w h i c h  occur red  on  c h r o m a t o g r a m s ,  especia l ly  those  
developed in i s o p r o p a n o l - a m m o n i a - w a t e r .  W h e n  e lu ted  
from a c h r o m a t o g r a m  a n d  r e c h r o m a t o g r a p h e d ,  S I I  a n d  
S I I I  were s tab le ,  b u t  S I was  c o n v e r t e d  to S I I  d u r i n g  
c h r o m a t o g r a p h y .  

No ev idence  h a s  so fa r  been  o b t a i n e d  t h a t  a n y  of t he  
u n k n o w n  s u b s t a n c e s  is a p h o s p h o r y l a t e d  d e r i v a t i v e  of 
choline. W i t h  D r a g e n d o r f f  reagen t ,  p h o s p h o r y l  chol ine  
gives a red  colour,  as do ace ty l  chol ine  a n d  CCC (as well  as 
o ther  chol ine  d e r i v a t i v e s  s u b s t i t u t e d  a t  t he  h y d r o x y l  
posi t ion) ,  whi le  t h e  u n k n o w n  s u b s t a n c e s  al l  give t h e  
violet  co lour  cha r ac t e r i s t i c  of chol ine  itself.  T h e  a m m o -  
n i u m m o l y b d a t e - p e r c h l o r i c  acid r e a g e n t  for  p h o s p h o r i c  
acid es te rs  g ives  no  r e a c t i o n  w i t h  t h e  u n k n o w n s .  

De ta i l s  of t h i s  a n d  of f u r t h e r  work  will be  p u b l i s h e d  
elsewhere.  

Zusammen/assung. I m  H i n b l i c k  au f  die U n t e r s u c h u n g  
der  \ V i r k u n g  y o n  Chlo rcho l inch lo r id  i m  StofLvechsel  de r  
Q u a r t £ r a m m o n i u m v e r b i n d u n g e n  in  P f l a n z e n  w u r d e n  

de ren  na t f i r l i ch  v o r h a n d e n e  S u b s t a n z e n  in wiissrigen Ex -  
t r a k t e n  yon  T o m a t e n p f l a n z e n  p a p i e r c h r o m a t o g r a p h i s c h  
in v ie r  L 6 s u n g s m i t t e l n  u n t e r s u c h t .  

I n  den  E x t r a k t e n  i ibe rwog eine S u b s t a n z ,  die sich yon  
Chol in  c h r o m a t o g r a p h i s c h  u n t e r s c h e i d e t ,  die abe r  dieselbe 
F a r b r e a k t i o n  m i t  e inem mod i f i z i e r t en  D r a g e n d o r f f s c h e n  
Reagens  gibt ,  Wi~hrend de r  P a p i e r e l e k t r o p h o r e s e  bet  
p H  6 wird  diese S u b s t a n z  in zwei a n d e r e  u m g e w a n d e l t .  
E i n e  y o n  diesen e n t s p r i c h t  c h r o m a t o g r a p h i s c h  Cholin.  
Ke ine  v o n  d e n  u n b e k a n n t e n  S u b s t a n z e n  a b e r  s c h e i n t  e in  
phospho ry l i e r t e s  D e r i v a t  v o n  Chol in  zu seth.  

H. H.  MAYR a n d  R.  G. PAXTON 10 

Biologische Forschungsabteilung der ~Jsterreichischen Stick- 
sto//werke A ktiengeseUscha/t, Liuz  (Austria), June 18, 1962. 

10 Present address: Department of Botany, Royal Holloway College, 
Egham (Surrey, England). 

Erycanosid, ein neues Herzglycosid 
aus E r y s i m u m  canescens  Roth 

I m  L a M e  de r  I so l i e rung  y o n  He lve t i cos id  u n d  E r y s i m o -  
sid aus  den  obe r i rd i schen  Tei len  yon  Erysimum canescens 
R o t h  d u r c h  G e g e n s t r o m v e r t e i l u n g  x e r h i e l t e n  wir  aus  d e n  
po la ren  An te i l en  v ie r  weitere ,  v e r m u t l i c h  neue,  kr is ta l l i -  
s ier te  Herzglycoside .  I m  S y s t e m  To luo l -n -Bu tano l -~ ra s se r  
(1 :9 :  10) s ind diese d u t c h  die R / - W e r t e  0,76, 0,62, 0,59 
und  0, 50 cha rak t e r i s i e r t .  

Das  Glycos id  m i t  R f - W e r t  0,76 w u r d e  E r y c a n o s i d  ge- 
n a n n t ;  Smp.  249-253 ° ( I s o p r o p a n o l - A t h e r ) ;  [ x ~  = 
+ 50,4 4- 2 ° (c = 1,0 in Methano l ) .  E r y c a n o s i d  (C35H5~O15 
(712,76): Ber.  C 58,96, H 7 ,35%;  gef. C 58,87, H 7 ,40%) 
zeigte im U V - A b s o r p t i o n s s p e k t r u m  n e b e n  d e m  Absorp -  
t i o n s m a x i m u m  des  B u t e n o l i d - R i n g e s  bet  217 m ~  (loge = 
4,20) e in  zwei tes  M a x i m u m  bet  302 m s  (logs = 1,50). 
E r y c a n o s i d  b i lde t  e ine kr is t .  H e x a - O - a c e t y l - V e r b i n d u n g  
(C47H~aO2: (965,15): Ber.  C 58,50, H 6 , 7 1 % ;  gef. C 58,92, 
H 6 ,74%) Stop.  234-237 ° (Ace ton-Athe r )  ; [eJ~ = + 31,50 
4- 2 ° (c = 1,0 in  Chloroform) .  

Die  saure  H y d r o l y s e  y o n  E r y c a n o s i d  m i t  0 ,1n  H2SO 4 
gab  als A g l u k o n  S t r o p h a n t h i d i n  ( ident i f iz ie r t  d u r c h  I R -  
S p e k t r u m ,  P a p i e r c h r o m a t o g r a m m ,  S c h m e l z p u n k t  u n d  
Mischschme lzpunk t ) .  Aus  den  wasser l6s l ichen  An te i l en  
der  H y d r o l y s e  wurde  d u r c h  C h r o m a t o g r a p h i e  a n  Noble2 
2-Desoxycel lobiose  3 i so l ier t ;  C12H2~O10 (326,18). Ber.  
C 44,15, H 6 ,80% ; gel. C 44,89, H 7 ,01% ; Stop. 206-214 ° 
(Ace ton-&the r ) ;  [eJ[b ~ = + 30,9 4- 2 ° (c = 1,9 in  Py r i d i n  
n a c h  48 h). 

N a c h  A c e t y l i e r u n g  de r  Biose wurde  das  kris t .  Hexa-O-  
a c e t y l d e r i v a t  4 e rha l t en ,  C24H340:B (578,51). Ber.  C 49,86, 

H 5,94% ; gel. C 50,57, H 5 ,94% ; Smp.  194-198 ° (Ace ton-  
A the r ) ;  [a]~ = - 1 5 , 8  -t- 2 ° (c = 1,0 in  ChIoroform) .  Die  
saure  Hydro lyse  de r  Biose  u n t e r  e n e r g i s c h e n  B e d i n g u n g e n  5 
l ieferte 2-Desoxyglucose  u n d  Glucose,  die d u r c h  Pap i e r -  
c h r o m a t o g r a p h i c  nachgewie sen  w u r d e n  e. 

E rycanos id  k o m m t  s o m i t  die K o n s t i t u t i o n  S t r o p h a n -  
th id in- f l -2-desoxy-D-glucos ido-g lucos id  zu. 

Summary. By a p p l i c a t i o n  of t he  c o u n t e r - c u r r e n t  m e t h o d  
on  ex t r ac t s  of Erysimum canescens R o t h ,  four  new crys ta l -  
l ine glycosides h a v e  b e e n  i so la ted  bes ides  of He lve t i cos ide  
a n d  Erys imoside .  T h e  s t r u c t u r e  of one  of t h e m ,  n a m e d  
Erycanos ide ,  ha s  been  d e t e r m i n e d  as S t r o p h a n t h i d i n - f l - 2 -  
desoxy-D-glucos ido-glucos ide .  

~. BAUER, O. BAUEROVA, L. MASLER u n d  D. ~IKL 

A bteilung/i~r Biochemie der Saccharide des Chemischen In-  
stitutes der Slowahischen A kademie der Wissenscha/ten, 
Bratislava (Tschechoslowakei), 27. Ju l i  1962. 
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The Microbiological Dehydrogenation 
of 16fl-Methyl-Sx-Dehydrocortisone 

A r e c e n t  c o m m u n i c a t i o n  f rom our  l abo ra to r i e s  1 r e p o r t e d  
the  s y n t h e s i s  of 16f l -methy tprednisone ,  s t a r t i n g  f rom 
hecogen in  a n d  i n v o l v i n g  a b o u t  15 s teps .  I n  c o n t i n u a t i o n  
of t h i s  w o r k  a n  a t t e m p t  was  m a d e  to  s u b s t i t u t e  t h e  
chemica l  i n t r o d u c t i o n  of t he  d o u b l e  b o n d s  in  t he  pos i t ions  
1 a n d  4 of t h e  A r ing  b y  microbio logica l  d e h y d r o g e n a t i o n .  
A n u m b e r  of r e p o r t s  h a v e  been  p u b l i s h e d  on  s imi la r  con-  

vers ions  of 3-0xy p r e g n a n e s  a n d  a n d r o s t a n e s  i n to  t h e i r  
co r r e spond ing  A:,a d e r i v a t i v e s  us ing  f e r m e n t a t i o n s  w i t h  
fungi  2, a c t i n o m y c e t e s  a, a n d  b a c t e r i a  4. 
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