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die Z u s a m m e n s e t z u n g  C42 H ~  a l e  oder  C40 H32Ozs. Die 
b isher  b e k a n n t e n  E igenscha f t en  lassen eine E i n o r d n u n g  
in eine der  b e k a n n t e n  Fa rbs to f fk las sen  n ich t  zu. Der  
m6gl iche  Z u s a m m e n h a n g  des Aren icochroms  mi t  d e m  
Schwefe lgeha l t  des Milieus, in we l chem Aren ico la  lebt ,  
wi rd  be ton t .  Die  Bez i ehung  zur  Metaninf rage  wi rd  kurz  
d i sku t ie r t .  

T h e  In f luence  of  A m i n o  A c i d s  on  G r o w t h  and  
Latera l  R o o t  F o r m a t i o n  in C o t y l e d o n - l e s s  

P e a  S e e d l i n g s  

It: is a well  k n o w n  fac t  t h a t  t he  ea r ly  d e v e l o p m e n t  of 
m o s t  seedl ings  is con t ro l l ed  to a large e x t e n t  b y  t h e  
ma te r i a l  p resen t  in the  co ty ledons  or  t he  endosperm.  N o t  
on ly  does th is  ma te r i a l  p rov ide  a mos t  i m p o r t a n t  source  
of energy  dur ing  a per iod  w h e n  the  y o u n g  p l an t  is 
capab le  of only  a v e r y  l im i t ed  pho tosyn thes i s ,  b u t  i t  
also inf luences,  in a h i t he r to  unexp la ined  way,  the  dif- 
f e ren t i a t ion  of t h e  seedling.  One of t he  m o s t  s t r ik ing  
effects of a r e m o v a l  of the  co ty ledons  is t he  comple t e  
change  which  of ten  occurs  in t he  order  and  place  of 
d e v e l o p m e n t  of t he  l a te ra l  roots  (RIPPEL1). This  pheno-  
menon,  which  applies  pa r t i cu l a r l y  to  some l eguminous  
plants ,  is ana lysed  in t h e  p re sen t  s t u d y  w i t h  pea  seed- 
l ings as the  t e s t  objec t .  

I n  n o r m a l  pea  seedlings,  cu l t i va t ed  as descr ibed  be-  
low, m o s t  if  n o t  all  of the  la te ra l  roots  deve lop  in t he  
uppe r  ha l f  of t h e  p r i m a r y  root ,  in co ty ledon- less  seed- 
l ings in t h e  lower  half .  I n  t h e  fo rmer  case t he  " a v e r a g e  
inse r t ion  p o i n t "  (A.I .P)  of t he  la te ra l s  is s i t ua t ed  a t  c i rca  
25 %. of t h e  d i s tance  b e t w e e n  the  r o o t - n e c k  and  t h e  
root - t ip ,  whi le  in the  l a t t e r  case th is  po in t  is a t  50--60 % 
of t he  same  dis tance .  These  va lues  refer  to  seedl ings  w i t h  
a p r i m a r y  roo t  abou t  10 cm long, g rown  in s ter i le  t u b e  
cul tures ,  each  con ta in ing  10 ml  n u t r i e n t  aga r  (with 2 % 
sucrose) and  con t inuous ly  i l l u m i n a t e d  a t  + 25°C. 

A grea t  pa r t  of the  subs tance  or  subs tances  respon-  
sible Ior the  effect  are  easi ly washed  ou t  f rom the  co ty le -  
dons by  soaking  the  peas in Sterile w a t e r  dur ing  a t  leas t  
two  days  before  ge rmina t ion .  Seedl ings deve loped  f rom 
peas  soaked  in this  w a y  resemble  the  deco ty ledon ized  
seedlings.  On the  o the r  hand,  by  add ing  pea  e x u d a t e  or  
yeas t  e x t r a c t  to  the  cu l tu re  m e d i u m  of deco ty l edon ized  
seedlings,  these  adop t ed  an appea rance  more  or  tess 
s imi lar  to  t h a t  of n o r m a l  seedlings,  Thus ,  i t  s eemed  
possible t h a t  t he  subs tance  or  subs tances  p roduc ing  the  
shi f t  in A. I .P .  of t he  l a te ra l  roots  are capab le  of ac t ing  
in m u c h  the  same  w a y  when  absorbed  f rom the  m e d i u m  
as w h e n  pass ing  f rom the  co ty ledons  down  t h r o u g h  t h e  
root .  

Since a m i n o  acids  as well  as cer ta in  nucleic  acid der iv -  
a t ives  are  k n o w n  to  occur  in e x u d a t e  t r a m  peas  and  
roots  of pea  seedl ings 2, i t  s eemed  jus t i f ied  to  t e s t  t he  
effect  of  such subs tances .  I n  all these  expe r imen t s  each  
c o m p o u n d  and  c o n c e n t r a t i o n  used  compr i sed  6 (in some  
cases 5) cul tures ,  and  the  i n c u b a t i o n  t i m e  was 15 days.  

As can  be seen in t he  f igure,  al l  a m i n o  acids, e x c e p t  
g l u t a m i c  ac id  and  p r o b a b l y  arginine,  were  more  or  less 
inhibitory,  to  roo t  g rowth  in a c o n c e n t r a t i o n  of 10 #moles  
per  10 ml  of n u t r i e n t  med ium,  some of t h e m  in e v e n  
lower  concen t ra t ions .  B y  far  the  m o s t  i nh ib i t ing  was 
oxypro l ine ,  which  reached  i ts  m a x i m a l  effect  s l igh t ly  
above  1 / , m o l e / t u b e .  Val ine  alone seemed  to  p roduce  a 
cer ta in  p r o m o t i o n  of root  g rowth  in a concen t r a t i on  of 
3 / ,mole / tube .  

1 1{. RIPPEL, ]3er. Dtsch. bat. Ges. 55, 288 (1937). 
2 N. FRZES and B. FoRs.~ia~,Physiologia Plantarum 4, 410 (1951). 

The  shoot  was less sens i t ive  to the  amino  acids added,  
excep t  in the  case of oxypro l ine ,  t he  i nh ib i t o ry  effect  of 
which  was obv ious  even  in a m o u n t s  below 0.3 /*mole/ 
tube .  Three  a m i n o  acids, viz.  h is t id ine ,  me th ion ine ,  and 
arginine,  appea red  to  ac t  f a v o u r a b l y  on shoot  growth ,  
a l t hough  a t  d i f fe ren t  concen t ra t ions .  
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Tile effect of various concentrations of amino acids on increase in 
length of shoot and root of cotyledon-tess pea seedlings during 15 days, 
expressed as per cent of control. Amino acids tested: dl-alanine, l- 
arginine, l-asparagine, dl-aspartie acid, /-citrtflline, d/-cysteiue, 
/-glutamie acid, glycine, /-histidine, /-isoleueine, l-leucine, l-lysine, 
d/-methionine,/-ornithine, /-oxyproline, /-phenylalanlne, l-praline, 

d/-serine, d/-threonine,/-tryptophan,/-tyrosine, and/-valine. 

Of t he  22 amino  acids t e s t ed  on ly  arginine  inf luenced  
the  f o r m a t i o n  of l a te ra l  roots  in a w a y  s imi lar  to  t h a t  of 
t he  above  m e n t i o n e d  ex t rac t s ,  10 #moles  per  cu l ture  
caus ing  a change  in t he  A. I .P .  va lue  f rom 57 % to  25 % 
(see the  table) .  Analogous ,  bu t  weaker  and  more  i r regular  
effects  were  p r o d u c e d  by  val ine ,  h is t id ine ,  c i t rul l ine,  
and  orn i th ine .  No  ef fec t  was ob t a ined  w i t h  yeas t  nucleic  
acid, adenine,  guanine ,  h y p o x a n t h i n e ,  uracil ,  urea,  cre- 
a t ine ,  inosi tol ,  chol ine,  ascorbic  acid, t h i amin ,  py r idox in ,  

The effect of arginine and yeast extract on the "average insertion 
point" (A.I.P.) of the lateral roots in deeotyledonized pea seedlings 
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Addition per culture 
(10 ml) 

I None 
Arginine, 1 pmole 
Arginine, 3 #mole 
Arginine, 10/*mole 

None 
Yeast extract, l mg 
Yeast extract, l mg 
Yeast  extract, 10mg 

Relative 
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100 100 
106 101 
100 98 
115 93 

100 100 
86 99 
95 100 

104 99 

A.I.P., % 
( ~  standard 

error) 

56-7 4- 2.5 
60-6 4- 1.9 
45-3 -t- 3-3 
25.4 4- 4.1 

57.04-2.7 
56.7-t-2.3 
41.6 4- 3.4 
23.9 4- 3.0 
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b io t in ,  l a c to f l av in ,  n i co t i n i c  ac id  ( and  amide) ,  p a n t o t h e n i c  
acid,  or  i n d o l e a c e t i c  acid.  

I n  c o n t r a s t  to  t h e  e x p e r i m e n t s  of  STEINBERG I w i t h  
Nicoliana,  no  f o r m a t i v e  r e s p o n s e s  were  o b t a i n e d  in  t h e  
p e a  p l a n t  b y  a n y  c o m p o u n d  t e s t e d ,  e x c e p t  t h a t  of a r g i n -  
ine  on  l a t e r a l  r o o t  f o r m a t i o n ,  a n d  a s l i g h t l y  s t i m u l a t i v e  
a c t i o n  on  e a r l y  lea f  d e v e l o p m e n t  b y  m e t h i o n i n e .  

T h e  o x y p r o l i n e - i n h i b i t i o n  cou ld  b e  p a r t i a l l y  ove r -  
come  b y  a n  a d d i t i o n  of p ro l ine ,  a n d  a l m o s t  c o m p l e t e l y  
b y  a n  a d d i t i o n  of y e a s t  e x t r a c t .  O t h e r  s imi l a r  a n t a g o n -  
i sms  b e t w e e n  a m i n o  ac ids  were  also n o t e d ,  f o r m i n g  
i n t e r e s t i n g  pa ra l l e l s  to  p h e n o m e n a  ea r l i e r  f o u n d  in  
m i c r o o r g a n i s m s .  

A m o r e  d e t a i l e d  r e p o r t  of t h e  r e su l t s  will  be  p u b l i s h e d  
e l sewhere .  NILS FRIES 

I n s t i t u t e  of  P h y s i o l o g i c a l  B o t a n y ,  U n i v e r s i t y  of  U p p -  
sala ,  U p p s a l a ,  Sweden ,  J u n e  28, 1951. 

Zusamraenfassung 

E s  w u r d e  die E i n w i r k u n g  y o n  22 A m i n o s ~ u r e n  in  
v e r s c h i e d e n e n  K o n z e n t r a t i o n e n  au f  W a c h s t u m  u n d  E n t -  
w i c k l u n g  j u n g e r ;  in  s t e r i l e r  A g a r - K u l t u r  g e z i i c h t e t e r  
E r b s e n k e i m l i n g e  s t u d i e r t .  I n  h 6 h e r e n  K o n z e n t r a t i o n e n  
(>= 10 #Mol  je  K u l t u r )  w i r k t e n  die m e i s t e n  A m i n o s ~ u r e n  
h e m m e n d  au f  das  W a c h s t u m ,  was  s ich  b e s o n d e r s  a n  de r  
W u r z e l  zeigte .  E i n e  S o n d e r s t e l l u n g  n a h m  d a b e i  Oxy-  
p r o l i n  e in ,  da s  s c h o n  bei  e i n e r  K o n z e n t r a t i o n  y o n  e t w a  
0,3/ , l~Iol  j e  K u l t u r  e ine  d e u t l i c h e  H e m m u n g  v e r u r -  
s ach te .  Diese  w u r d e  n u r  te i lweise  d u r c h  P r o l i n  au fge -  
h o b e n .  Die  d u r c h  E n t f e r n u n g  d e r  K o t y l e d o n e n  b e d i n g t e  
a k r o p e t a l e  V e r s c h i e b u n g  des  , d u r e h s c h n i t t l i c h e n  I n -  
s e r t i o n s p u n k t e s , ,  ( =  A I P )  de r  S e i t e n w u r z e l n  k o n n t e  
d u r c h  H e f e e x t r a k t  ode r  A r g i n i n  g e w i s s e r m a B e n  r i ick-  
g~ingig g e m a c h t  werden .  

t R. A. STEINBERG, J. Agr. Res. 75, 81 (1947). 

H e m m u n g  d e r  A d e n o s i n t r i p h o s p h a t a s e  
durch  Co lch ic in  

I n  F o r t s e t z u n g  u n s e r e r  U n t e r s u c h u n g e n  f iber  d e n  
E in f l uB  v o n  Colch ic in  au f  F e r m e n t e  des  N u k l e o t i d -  
s to f fwechse l s  1 h a b e n  wir  u n t e r  a n d e r e m  a u c h  die F r a g e  
geprf i f t ,  ob  die A T P a s e  d u t c h  Colch ic in  g e h e m m t  werde .  
Dies  e r s eh i en  u m  so d r i n g e n d e r ,  als  e i n m a l  v o n  uns  i m  
Ze l lke rn  e ine  b e t r A c h t l i c h e  A T P a s e - A k t i v i t i i t  n a c h g e -  
wiesen  w o r d e n  i s t  ~ u n d  a n d e r e r s e i t s  d ie  K o n t r a k t i o n  de r  
T e i l u n g s s p i n d e l  v o n  v e r s c h i e d e n e r  Sei te  ( L i t e r a t u r s i e h e  3) 
m i t  d e r  lV[uske lkon t rak t ion  in  A n a l o g i e  g e s e t z t  wurde ,  
w o m i t  d ie  "Wi rksamke i t  des  A T P - A T P a s e - S y s t e m s  a u c h  
ffir d ie  T e i l u n g s s p i n d e l  p o s t u l i e r t  wurde .  D a  A T P - Z u -  
s a t z  die W i r k u n g  des  k l a s s i s chen  Sp inde lg i f t e s  Co lch ic in  
in  de r  G e w e b e k u l t u r  a u f h e b t  3, u n d  d a  p f l a n z l i c h e  H e r z -  
g i f te  sowoh l  d e n  Co lch ic ine f f ek t  zu u n t e r d r t i c k e n  4 a ls  
a u c h  e ine  A T P a s e - A k t i v i e r u n g  a u s z u l 6 s e n  v e r m S g e n  s, 
h a t  LETTR/~ au f  e ine  w e s e n t l i c h e  B e t e i l i g u n g  des  A T P -  
U m s a t z e s  a n  de r  Ze l l t e i l ung  u n d  au f  e i n e n  E i n g r i f f  y o n  
Colch ic in  in  den  A T P - S t o f f w e c h s e l  geschlossen .  Lrn ter  - 
s u c h u n g e n  f iber  den  Einflul3 y o n  Colch ic in  au f  den  A T P -  
U m s a t z  i m  b i o c h e m i s c h  d e f i n i e r t e n  S y s t e m  l iegen a b e t  
b i s h e r  n o c h  n i c h t  vor .  

1 K. L~NG, G. SIEBEaV und H. OSWALD, Exper. 5, 449 (1949). 
"- K. LANG und G. SIEBERT, Biochem. Z. (irn Druck). 

H. LETTR£, Erg. Physiol. 46, 379 (1950). 
4 C. LANDSCHOTZ, Naturwiss. 36, 379 (1949), 
5 R. HEGGLIN~ H. GRAUER und R. ML~NCInNGER, Exper. 5, 127 

(1949). 

I m  f o l g e n d e n  soll k u r z  f iber  Ve r su  che  b e r i c h t e t  werden ,  
in  d e n e n  d e r  Einflul3 yon  Colch ic in  au f  die f e r m e n t a t i v e  
A T P - S p a l t u n g  u n t e r s u c h t  wurde .  Als  F e r m e n t q u e l l e  
d i e n t e  e in  Myos inp r~ tpa r a t  au s  K a n i n c h e n -  ode r  H u n d e -  
m u s k e l L  D e r  V e r s u c h s a n s a t z  w u r d e  m i t  0,1 m V e r o n a l  
p H  7,4 g e p u f f e r t  u n d  e n t h i e l t  I0  - s m  Ca++. N a c h  0, 5 
u n d  i 0  M i n u t e n  w u r d e  j ewei l s  d ie  R e a k t i o n  d u r c h  T r i -  
ch loress igs i ture  u n t e r b r o c h e n  u n d  eine k o l o r i m e t r i s c h e  
P h o s p h a t b e s t i m m u n g  n a c h  LOHMANN u n d  JENDRASSIK 
d u r c h g e f t i h r t L  Das  in d e n  AnsAtzen  v o r h a n d e n e  Col- 
ch ic in  w i rd  y o n  de r  e n t s t e h e n d e n  P h o s p h o m o l y b d ~ t n -  
si iure gefiillt ,  e r g i b t  T r t i b u n g e n  u n d  a d s o r b i e r t  M o l y b d / i n -  
b lau ,  so d a b  e ine  d i r e k t e  k o l o r i m e t r i s c h e  B e s t i m m u n g  
v o n  P h o s p h a t  bei  C o l c h i c i n g e g e n w a r t  u n m 6 g l i c h  ist .  W i t  
i so l i e r t en  d a h e r  e n t w e d e r  da s  e n t s t a n d e n e  a n o r g a n i s c h e  
P h o s p h a t  als  M a g n e s i u m a m m o n i u m p h o s p h a t  n a c h  LOH- 
MANN 3 u n d  b r a c h t e n  dieses  z u r  A n a l y s e  ode r  s c h f i t t e l t e n  
da s  e n t s t a n d e n e  Molybd~inb lau  m i t  I s o b u t a n o I - ~ t h a n o l  
n a c h  ALLEN 4 aUS, WaS e i n f a c h e r  ist .  K o n t r o l l v e r s u c h e  
m i t  Zus~ttzen y o n  a n o r g a n i s c h e m  P h o s p h a t  ze ig ten ,  d a b  
be i  b e i d e n  V e r f a h r e n  ke in  V e r l u s t  a n  P h o s p h a t  gegen-  
f iber  de r  d i r e k t e n  k o l o r i m e t r i s c h e n  B e s t i m m u n g  e i n t r i t t .  

I n  r e l a t i v  h o h e n  K o n z e n t r a t i o n e n  h e m m t  Colch ic in  
die A T P a s e  deu t l i ch ,  u n d  zwar  be i  1 . 1 0 - 3 m  E n d -  
k o n z e n t r a t i o n  m a x i m a l  u m  40 %, bei  1 .10 -4  m u m  r u n d  
e in  Vier te l ,  w i i h r e n d  be i  g e r i n g e r e n  C o l c h i c i n m e n g e n  
ke ine  B e e i n f l u s s u n g  m e h r  er folgt .  E r h b h u n g  de r  Col- 
c h i c i n k o n z e n t r a t i o n  h a t  k e i n e  Z u n a h m e  d e r  H e m m u n g  
z u r  Folge .  Die  n a c h f o l g e n d e  T a b e U e  g i b t  die M i t t e l w e r t e  
au s  jewei ls  8 V e r s u c h e n  (10 -3 m b is  10-4 m) bzw.  4 Ve r -  
s u c h e n  (10 -6 m b i s  10 -s  m) w i e d e r :  

Zunahme an anorganischem Phosphat in 7; 1 cm 3 Myosinl5sung, 
3 mg ATP, 10 -3 m Ca ++, 0,1 m Veronal pH 7,4 

Kontrolle 
1.10 -3 m Colchicin 
1.10 -4 m Colchicin 
1-10 -s  m Colchicin 
1 - 10 -6 m Cotchicin 
I .  10 -7 m Colchicin 
1.10 -8 m Colchicin 

nacl nach 
5 mi: 10 min 

20 31 
12 21 
14 24 
17 29 
19 35 
22 33 
21 30 

prozentuale Hemmung 

n. 5 rain n. 1O min 

40 32 
30 22 

nicht  signifikant  
0 0 
0 0 
0 0 

Die  t y p i s c h e  M i t o s e g i f t w i r k u n g  e n t f a l t e t  Co lch ic in  
n a c h  d e n  A n g a b e n  v o n  LETTR/~ bei  e ine r  K o n z e n t r a t i o n  
y o n  0,016 7 / cm *, da s  s i nd  4 . 1 0  -8 m ;  bei  d i e se r  Menge  
t r i t t  n a c h  u n s e r e n  V e r s u c h e n  m i t  S i c h e r h e i t  ke ine  
H e m m u n g  des  A T P - A b b a u e s  m e h r  e in .  Die  E x p e r i m e n t e  
s a g e n  d a h e r  z w a r  n i c h t s  P o s i t i v e s  a u s  f iber  die Rol le  y o n  
C o l c h i c h i n  be i  d e r  H e m m u n g  de r  Ze l l t e i lung ,  ze igen  
a b e r , d a B  B e z i e h u n g e n  zwi schen  de r  C o l c h i c i n w i r k u n g  u n d  
de r  S p i n d e l k o n t r a k t i o n ' a u f  de r  Bas i s  de r  G e w i n n u n g  
y o n  K o n t r a k t i o n s e n e r g i e  aus  A T P - S p a l t u n g  n i c h t  be-  
s t e h e n ,  

Der Firma Hoffmann-La Roche AG,~ Basel, sind wir ffir die 
liebenswfirdige ~)berlassung yon Colchicin zu grol3em Dank ver- 
pflichtet. 

K.  LANG, G. SIEBERT u n d  W.  ESTEL/vIANN 

P h y s i o l o g i s c h - c h e m i s c h e s  I n s t i t u t  de r  J o h a n n e s - G u -  
t e n b e r g - U n i v e r s i t ~ t t  Ma inz ,  d e n  1. J u l i  1951. 

1 ATP wurde uns in dankenswerter Weise von den Zellstoff- 
werken Waldhof zur Verffigung gestellt. 

2 K. LOIfMANN und L. JEnDRASSIK, Biochem. Z. 178, 419 (1926). 
s K. LOHMANN, Biochem. Z. 194, 306 (1928}. 
4 R. J. L. ALLEN, Biochem. J. 34, 858 (1940). 


