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Proposed nomenclature ol spinockrome~ 

[ExPERIENTIA VoL.VII/10] 

Suffix m, p. Formula Previous name Origin 

185 o A 

B 

C 

1) 
E 
F 

G 
M 
P 

>3000 * 

247" 

295 ° 
>350 ° 

229 ° 

>350 ° 
193 ~ 
188 ° 

CnH10Os 

C12HsO 7 * * 

Cl~H~Os 

Spinochrome 

Spinochrome l', 

iso-echinochrome; perhaps 

North Atlantic P. lividus 

P. lividus from Atlantic 
or Mediterranean 

A rbacia pustulosa and P. 

LEDERER and GLASER I 
G00D%VIN and SRISUKH g 

MUSAJ0 and ~{INCHILLI 3 
GOOD%VIN a11d SRISUKH = 

GLASER and LEDERER 4 

C,2HloO7 

identical with spinon A . 
Spinochrome Aha 
new pigment 
Spinochrome F 

new pigment 
Spinochrome 3f  
Spinochrome P 

lividus Mediterranean 
Pseudocentrolus depressus 
P. lividus Mediterranean 
Heterocentrotus 

mammilatus 
P. lividus Mediterranean 
Anthocidaris crassispina 
P. lividus Mediterranean 

KUHN and WALLENFEL% 5 
KURODA and OGHIMA 6 
LEDERER 7 

t{URODA and OSHIMA 6 
LEDERER 7 

~(URODA and OSHIMA 6 

MusAJO and ~,'IINctlILLI s 

* MusAjo and MINeHn.LI found m. p. above 350 °, GOODWIN and 
SmSUKH 2 found m. p. 283 °. Our recent preparations melt above 300 ° 
with decomposition and partial sublimation. It is very difficult to 
S t a t e  a definite melting point. 

** This is the formula suggested by MusAJo  and MINCHILLI 8 
who obtained four concordant analyses, 
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LEDERER and  GLASER 1 f i rs t  r e p o r t e d  in Arbac ia  w i t h o u t  
spec i fy ing  the  si te of occurrence ,  was  a s s u m e d  f rom i ts  
n a m e  to  occur  in t h e  eggs. L~EDERER 2, however ,  h a d  
p o i n t e d  ou t  in his r ev iew t h a t  th i s  p i g m e n t  does  in f ac t  
occur  in  t h e  sp ines  of Arbacia ,  a n d  has  s ince  c o n f i r m e d  
th i s  a. I s o e c h i n o c h r o m e ,  w h i c h  is p r o b a b l y  iden t i ca l  w i t h  
S p i n o n  A 4 is t h u s  r e n a m e d  s p i n o c h r o m e  C. A l t h o u g h  
r e c e n t  w o r k  has  c o n f i r m e d  the  v iew of GOOD%VIN a n d  
S m s u I ¢ ~  5 t h a t  s p i n o c h r o m e  P~ a n d  B are  iden t ica l ,  i t  
ha s  s h o w n  qu i t e  conc lus ive ly  t h a t  s p i n o c h r o m e s  A a n d  
P are  d i s t i n c t  p i g m e n t s  in sp i t e  of v e r y  s imi la r  p rope r -  
t ies  s. The  suff ix  P is t he r e fo re  r e t a i n e d  for t h e  p i g m e n t  
of M u s A j o  a n d  MINCHILLI 6. 

S p i n o c h r o m e  A K a ,  i so la ted  f rom J a p a n e s e  u r ch in s  7 
has been  r e n a m e d  D ;  s p i n o c h r o m e  F c a n n o t ,  however ,  
be as KUHN a n d  W A L L E N F E L S  4 suggest ,  s p i n o c h r o m e  A, 
because  of t h e  v e r y  g rea t  d i f fe rences  in m. p. 
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calcaires  d 'Ours ins .  Les  d i f f6rents  s p i n o c h r o m e s  sont  
d6sign6s par  des l e t t r e s  ma juscu les ,  A ,  B ,  C, etc.  Le 
t ab l eau  d o n n e  c e t t e  n o m e n c l a t u r e .  

A r e n i c o c h r o m e ,  a n e w  P i g m e n t  f r o m  

A r e n i e o l a  m a r i n a  L .  

In  a h is to logical  a n d  h i s t o c h e mi c a l  i nves t iga t ion  
LIGNAC l some  yea r s  ago d e s c r i b e d  a p i g m e n t  occurr ing  
as g reen  g ranu les  in t h e  ep i the l i a l  cells of t h e  worm 
Aren ico la  m a r i n a  L. f o u n d  off  t h e  D u t c h  coas t  a t  Den 
t Ie ldc r .  

This  p i g me n t ,  w h i c h  was  cal led a r e n i c o c h r o m e  by 
LIGNAC, s h o w e d  some  a n a l o g y  to  t he  me l a n i n s  when 
j u d g e d  b y  i ts  g r a n u l a r  fo rm (0.25 to  1.30 /~) and  localiza- 
t ion  w i t h i n  t h e  cell. On t r e a t i n g  a t i s sue - sec t ion  wi th  
h y d r o g e n p e r o x i d e  t h e  a r e n i c o c h r o me  granu les  could  bc 
t r a n s f o r m e d  in to  b r o w n  granules  w h i c h  in t u r n  were  made  
black b y  s i l ve rn i t r a t e  a n d  could  be deco lour ized  by 
f u r t h e r  t r e a t m e n t  w i t h  h y d r o g e n p e r o x i d e .  The  two  la t te r  
r eac t ions  are also g iven  b y  the  me lan ins ,  so t h a t  it  
s e e me d  t h a t  a r en i coch rome  could  be cons ide red  as a 
p r e m e l a n i n .  

A sea rch  of t he  ava i l ab le  l i t e r a tu re  r evea led  t h a t  the  
on ly  two  a u t h o r s  dea l ing  wi th  p i g m e n t s  in t h e  skin  of 
Arch(cola species  (FAUVEL 2 a n d  ASHWORTH a) had 
p r o b a b l y  n o t  o b s e r v e d  these  g reen  g ranu les  in their  
ma te r i a l .  

The  p i g m e n t  could  be e x t r a c t e d  f rom t h e  skin of 
Arenico la  b y  m e a n s  of an  a lka l ine  e x t r a c t i o n - f l u i d  but  
i t  p r o v e d  to  be v e r y  u n s t a b l e  in t i le c rude  e x t r a c t .  We 
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succeeded  in i so l a t i ng  e x t r e m e l y  s m a l l  a m o u n t s  of 
c ry s t a l l i ne  sa l t s  of a r e n i c o c h r o m e  b y  m e a n s  of c h r o m a -  
t o g r a p h y  on  a l u m i n i u m o x i d e  of a n  a m l n o n i a - a l c o h o l  
ex t r ac t .  T h e  p r e p a r a t i o n  of a q u a n t i t y  su f f i c i en t  to  
p e r m i t  ana ly s i s  was  successfu l l  o n l y  w h e n  e x t e n s i v e  
in i t i a l  e x p e r i m e n t s  h a d  i n d i c a t e d  t h a t  t h e  s t a b i l i t y  of 
t he  p i g m e n t  in  t h e  e x t r a c t s  was  m a r k e d l y  i n c r e a s e d  b y  
the  a d d i t i o n  of cyan ide .  T h e  b lue  p o t a s s i u m  sa l t  of a ren i -  
c o c h r o m e  in  p a r t i c u l a r  p r o v e d  to  c rys ta l l i ze  b e a u t i f u l l y  
a n d  could be  f u r t h e r  pu r i f i ed  b y  r e c r y s t a l l i z a t i o n .  

W e  were  led to  ass ign  t h e  f o r m u l a  (C21HIsS2014Kz)n, 
whe re  n = I or  n = 2, to  t h i s  s a l t  on  t h e  s t r e n g t h  of t h e  
a n a l y t i c a l  resul t s .  T h e  p r o c e d u r e  a d o p t e d  f ina l ly  m a d e  
i t  poss ib le  to  p r e p a r e  some  50 m g  of t h e  p o t a s s i u m  sa l t  
of a r e n i c o c h r o m e ,  s t a r t i n g  f rom some one  t h o u s a n d  
worms .  

T h e  m a n n e r  in  w h i c h  t h e  s u l p h u r  was  b o u n d  in t h e  
molecule  b e c a m e  c lear  in  t h e  course  of f u r t h e r  i n v e s t i g a -  
t ions ,  s ince  i t  a p p e a r e d  t h a t  a r e n i c o e h r o m e  was  r e l a t i v e l y  
s t ab l e  in  a lka l i ne  so lu t ion ,  in c o n t r a s t  to  i t s  b e h a v i o u r  
in a w e a k  ac id  so lu t ion .  I n  t h e  l a t t e r  i n s t a n c e  decompos i -  
t i o n  t o o k  p lace  e v e n  a t  r o o m  t e m p e r a t u r e ,  s u l p h u r  b e i n g  
e l i m i n a t e d  as s u l p h u r i c  acid .  T h i s  p h e n o m e n o n ,  w h i c h  
was c h e c k e d  b y  q u a n t i t a t i v e  d e t e r m i n a t i o n s ,  is s t r o n g l y  
r e m i n i s c e n t  of t h e  b e h a v i o u r  of t h e  s u l p h u r i c  ac id  es te r s  
of p h e n o l s  wh ich ,  m o r e o v e r ,  a re  a lso  k n o w n  to  y ie ld  
c rys t a l l i z ed  p o t a s s i u m  sa l t s  easi ly .  F r o m  t h e  f ac t  t h a t  
a r e n i c o c h r o m e  h a s  t h e  p r o p e r t i e s  of a n  i n d i c a t o r  ( change  
of co lour  f rom b lue  to  o r a n g e  p r o d u c e d  b y  ca re fu l  acidif i -  
ca t ion)  i t  a p p e a r e d  t h a t  one  of t h e  t h r e e  s a l t  f o r m i n g  
g roups  in t h e  mo lecu le  was  a w e a k  ac id  g roup .  B y  s t u d -  
y ing  t h e  a b s o r p t i o n  s p e c t r u m  of t h e  c o m p o u n d  as a 
f u n c t i o n  of t h e  pH ,  we were  ab le  to  ass ign  a p K  va lue  
of 5.7 to  5.8 to  t h i s  g roup .  

T h e  conc lus ion  t h a t  a r e n i c o c h r o m e  ( a s s u m i n g  a mole -  
cu l a r  w e i g h t  of a p p r o x i m a t e l y  700 for  t h e  molecule )  
c o n t a i n s  two  s t r o n g  ac id  g r o u p s  ( su lphur i c  ac id  e s t e r s  of 
enol ic  or  p h e n o l i c  h y d r o x y l  groups)  a n d  one  g r o u p  w i t h  
a p K  v a l u e  of a b o u t  5.7, was  c o n f i r m e d  b y  t h e  success-  
ful l  p r e p a r a t i o n  of a m i x e d  c a l c i u m - p o t a s s i u m  sal t ,  
wh ich  h a d  t h e  f o r m u l a  (G~IH15S~O14KCa'3H~O)n a n d  
an  o r a n g e  co lou red  ac id  p o t a s s i u m  sa l t  t h e  c o m p o s i t i o n  
of w h i c h  c o r r e s p o n d e d  m o r e  or  less to  (C~tH16S~O14K2) n. 

I t  was  poss ib le  to  i so la te  t h e  c o m p o u n d  w h i c h  r e s u l t e d  
b y  t h e  e l i m i n a t i o n  of t h e  t w o  s u l p h u r i c  ac id  g r o u p s  f rom 
the  a r c n i c o c h r o m e  molecu le  in t h e  f o r m  of d a r k  p u r p l e  
c rys ta l s .  T h e  b e h a v i o u r  a n d  t he  ana lys i s  of t h i s  c o m p o u n d  
led us  to  be l i eve  t h a t  we h a d  o b t a i n e d  i t  in  a s t a t e  of 
c h e m i c a l  p u r i t y .  W e  p r opos e  to  cal l  t h i s  s u b s t a n c e  
a r e n i c o c h r o m i n e .  I t  p r o b a b l y  h a s  t h e  c o m p o s i t i o n  
C42H34Ox8 (or p e r h a p s  C40H3~O15 ) w h i c h  ha s  been  de t e r -  
m i n e d  f r o m  a n u m b e r  m u t u a l l y  c o r r e s p o n d i n g  a n a l y s e s  
o b t a i n e d  f rom a se t  of i n d e p e n d e n t l y  p r e p a r e d  samples .  

T h e  f a c t  t h a t  a r e n i c o c h r o m i n e  s t i l l  c o n t a i n s  a n  ac id  
g roup  w i t h  p K  a b o u t  6, is i n d i c a t e d  b y  a c h a n g e  of 
co lou r  f r o m  r ed  to  g reen  w h i c h  t a k e s  p lace  w h e n  t h i s  
p o i n t  is r e a c h e d  on  t h e  a d d i t i o n  of a lkal i .  I n s t e a d  of t h e  
s u l p h u r i c  ac id  g r o u p s  p r e s e n t  in  a r e n i c o c h r o m e  i tself ,  
a r e n i c o c h r o m i n e  c o n t a i n s  one  or m o r e  w e a k  acid  g roups  
w i t h  p K  v a l u e s  of 9 or  h igher ,  t h e  d i s soc i a t i on  of w h i c h  
is a c c o m p a n i e d  b y  a c h a n g e  of co lou r  f rom green  t o  
purp le .  

A r e n i c o c h r o m i n e  is so luble  in  a lka l i ne  a l c o h o l - w a t e r  
m i x t u r e s  as well  as  in  ace tone ,  p y r i d i n e ,  g lac ia l  ace t i c  
ac id  a n d  fo rmic  acid.  I t  is i n so lub l e  in wa te r ,  m e t h a n o l ,  
e t h a n o l ,  anayla lcohol ,  e the r ,  cyc lohexano] ,  ch lo ro fo rm,  
p e t r o l e u m  e the r ,  c a r b o n d i s u l f i d e  a n d  benzene .  

In  c o n n e c t i o n  w i t h  t h e  p r o p e r t i e s  of a r e n i c o c h r o m e  
a n d  a r e n i c o c h r o m i n e  i t  is i m p o r t a n t  to  m e n t i o n  t h a t  
b o t h  p i g m e n t s  in a lka l ine  s o l v e n t s  c an  be  r e d u c e d  w i t h  

Na2S ,O 4 to a ye l low co loured  so lu t ion ,  t h e  co lours  of 
w h i c h  r e t u r n  to  b lue  a n d  g reen  r e s p e c t i v e l y  on  s h a k i n g  
w i t h  air .  A t y p i c a l  b lue  h a l o c h r o m i c  ef fec t  was  p r o d u c e d  
b y  d i s so lv ing  t h e  s u b s t a n c e s  in  c o n c e n t r a t e d  su lph ,  acid.  

All t h e s e  r e su l t s  p o i n t  t o w a r d s  t h e  f ac t  t h a t  a ren ico-  
c h r o m e  a n d  a r e n i c o c h r o m i n e  a re  n o t  i d e n t i c a l  w i t h  a u y  
k n o w n  a n d  well  de f ined  p i g m e n t s  d e s c r i b e d  in  t h e  l i t e ra -  
t u r e  a t  ou r  disposal .  T h e  q u e s t i o n  ar ises  w h e t h e r  i t  wou ld  
be  a t  all poss ib le  to  class t h e m  a m o n g  a n y  of th.e ex i s t i ng  
n i t r o g e n  free classes of p i g m e n t s  f o u n d  in  n a t u r e .  Some  
super f i c ia l  s i m i l a r i t y  to  t h e  n i t r o g e n  c o n t a i n i n g  o m m o -  
c h r o m e s  ~ (be ing  b e t t e r  ca l led  i n s e c t o r u b i n  a c c o r d i n g  to  
r e c e n t  i n v e s t i g a t i o n s  2) is e v i d e n t .  I t  is i n t e r e s t i n g  to  
no t e  t h a t  t he se  p i g m e n t s  also seem r e l a t e d  to  t h e  m e l a n -  
ins. T h e  p i g m e n t s  ca l l i ac t ine  z a n d  h a l l a c h r o m e  4 also 
show a super f i c ia l  r e l a t i o n s h i p  to  a r e n i c o c h r o m i n e .  

A m o n g s t  t h e  n i t r o g e n - f r e e  p i g m e n t s  t h e  e c h i n o c h r o -  
nles a n d  sp inochromes~ ,  as far  as we are  aware ,  show 
r e l a t i v e l y  t h e  m o s t  p r o n o u n c e d  r e s e m b l a n c e ,  a l t h o u g h  
here  t h e  i n s o l u b i l i t y  of a r e n i c o c h r o m i n e  in e t h e r  a n d  
b e n z e n e  as well  as i t s  b lue  h a l o c h r o m i c  ef fec t  w i t h  con-  
c e n t r a t e d  s u l p h u r i c  ac id  are  c o u n t e r  i n d i c a t i o n s  to  t h e  
ex i s t ence  of a more  i n t i m a t e  r e l a t i o n s h i p .  

W e  h a v e  r e a s o n  to  sugges t  t h a t  some  c o r r e l a t i o n  ex i s t s  
b e t w e e n  the  fac t s  t h a t  a r e n i c o c h r o m e  c o n t a i n s  a b o u t  
10% s u l p h u r ,  a n d  t h a t  t h i s  p i g m e n t  ha s  b e e n  o b t a i n e d  
in r e l a t i v e l y  large  q u a n t i t i e s  f rom a n i m a l s  l i v i n g  in  m u d  
w h i c h  c o n t a i n s  a h igh  p e r c e n t a g e  of FeS .  I t  w o u l d  be  
i n t e r e s t i n g  to  k n o w  w h e t h e r  t h e  occu rence  of a ren ico-  
c h r o m e  in t h e  s ldn  of Arenicola marina L. is r e s t r i c t e d  
to  t h o s e  w o r m s  l iv ing  in n l u d  s im i l a r  to  t h a t  f o u n d  a t  
Den  He lde r .  

The  g reen  co lour  a n d  g r a n u l a r  n a t u r e  of t he  a ren ico-  
c h r o m e  in t h e  t i s sue - sec t i on  can  be e x p l a i n e d  b y  t h e  
a s s u m p t i o n  t h a t  a r e n i c o c h r o m e  is b o u n d  in t h e  cell to  
some c y t o p l a s m a t i c  c o m p o n e n t  of a g r a n u l a r  n a t u r e ,  
a c c o m p a n i e d  b y  t h e  co lou r sh i f t  f r om b lue  to  green.  T h e  
n i t r o g e n - f r e e  a r e n i c o c h r 0 m e  c a n n o t  be  a p r e c u r s o r  of t he  
k n o w n  m a m m a l i a n  m e l a n i n s  as t h e s e  c o n t a i n  a b o u t  
7 to  9 % n i t r o g e n .  T h e  pos s ib i l i t y  c a n n o t  a t  p r e s e n t  be  
e x c l u d e d  t h a t  more  t h a n  one  p r e c u r s o r  of t h e  m e l a n i n s  
exis ts .  I n  a d d i t i o n  we m u s t  s t ress  ou r  i g n o r a n c e  conce rn -  
ing t h e  chemica l  c o n l p o s i t i o n  of t i le  m e l a n i n  of Arenicola 
marina L. as well  as of o t h e r  i n v e r t e b r a t e s .  

Full details of this investigation have been published in Dutch 6 
and will soon be published in English 7. 

P.  VAN I ) U I J N  , E. HAVINGA, a n d  G. O. E.  LIGNAC 

B i o c h e m i c a l  l ) c p a r t m e n t  of t he  P a t h o l o g i c a l  L a b o r a -  
tory ,  S t a t e - U n i v e r s i t y  of Leyden ,  J u n e  15, 1951. 

Zusammen]ass ung 

Das  von  LtC~NAC h i s to log i sch  in Arenicola marina L. 
g c f u n d e n e  P i g . n e n t  ( =  A r e n i c o c h r o m )  k o n n t e  s is  
K a l i u m s a l z  in k r i s t a l l i n e r  F o r m  i so l ie r t  we rden .  Die  
A n a l y s e n  e r g a b e n  die F o r m e l  (CzxHasSaO14Kz) (n = 1 
oder  2). 

De r  Schwefe l  liiBt s ich  sehr  l e i c h t  d u r c h  s a u r e  H y d r o -  
lyse als  Schwefels/i .ure a b s p a l t e n .  D e r  s c h d n  kr i s ta l l i -  
s i e r ende  schwefe l f re ie  F a r b s t o f f  (=  A r e n i c o c h r o m i n )  h a t  

1 E. BECKER Z. Indukt. Abst. Vererb. 80, 157 (1942). 
'-' T. W. Goouwu~ and S. SRISUKIt, Biochem. J. 47, 549 (1950). 
a E. LEr~FR~R, G. TE~SSIE'a, and C. HCTTRER, Bull. Soe. Chim. 

7, 608 (1940). 
4 j .  D. Bo'Loca, J. HARLEY-MAsoN, and H. S. MASON, Bioehem. 

J. 47, X X X I I  (It,50). 
5 T. W. GOODWtN and S. Salsumt, Biochem. J. 47, 69 (1950). 

P. v. DuU.~, Thesis (Leiden 1951). 
7 p. v. Dt,U.~, Rec. Tray. Chim., Pays-Bus (to be published). 
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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 

"P* d 
~ z  

948 

973 

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 
length 

Shoot I Root 
I 

[ 11 

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 


