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mines  h a v e  b e e n  c o m p a r e d  for  t h e i r  a b i l i t y  to  be  ox id ized  
b y  t h e  e x t r a c t e d  e n z y m e :  

NH2.CH2-CH2-CH2-CH~-CH2.NH 2 cadaverine 
NH2. CH2-CHi-S S-CH2-CH2-NH 2 cystamine 
NH2.CH2-CH~-S-CH2-CH2.NH ~ lanthionamine 
NH2.CH2-CH2-SO-SO-CH~-CH2.NH 2 cystamine disulfoxide 
NH2.CH2-CH2-SO2-CH2-CFI2.NH 2 lanthionamine sulfone 

de l la  c i s t a m i n a  si p r o d u c a  u n a  mole  di a m m o n i a c a  p e r  
mo le  di s u b s t r a t o ,  il c o n s u m o  di oss igeno  ~ due  vo l t e  pifi 
e l e v a t o  del  teor ico ,  i n d i c a n t e  u n a  u l t e r i o r e  oss idaz ione  
del p r o d o t t o  m e t a b o l i c o  del la  reaz ione .  T u t t a v i a  t a u r i n a ,  
i p o t a u r i n a  e solfat i ,  n o n  sono  d e t e r m i n a b i l i  nel  depro -  
t e i n i z z a t o  f inale .  

T h e  r e a c t i o n  was  fo l lowed a t  p H  5.6 in o r d e r  to  a v o i d  
d i s m u t a t i o n  of e y s t a m i n e  d i su l fox ide .  T h e  I n f l u e n c e  of  P y r i d o x i n e  on  the  F r e e  A m i n o  

A c i d s  of  D e c o t y l i z e d  P e a  S e e d l i n g s  
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Fig. 3.--Oxidation of sulfur-containing diamines by pea diamine- 
oxidase. Enzyme preparation 20 mg. pH 5.6. Substrates 5 MM. Tem- 
perature 25 ° C. Other conditions as in Figure 1. 1 Cadaverine; 

2 eystamine; 3 cystamine disulfoxide; 4 lanthionamine; 
5 lanthionamine sulfone. 

As r e p o r t e d  in  F i g u r e  3, l a n t h i o n a m i n e  r e p r e s e n t s  t h e  
bes t  s u b s t r a t e  a m o n g  t h e  s u l f u r - d i a m i n e s .  T h e  p r e sence  
of ox id i zed  su l fu r  in  t h e  molecu le  r e s u l t s  in  a d e p r e s s i o n  
of a c t i v i t y ,  in  t h e  case  of l a n t h i o n a m i n e  sul fone,  a n d  
in a c o m p l e t e  a b o l i t i o n  of a c t i v i t y ,  in  t h e  case  of cys t -  
a m i n e  d i su l fox ide .  

E x p e r i m e n t s  a re  c o n t i n u e d  a long  t h i s  l ine  in  o r d e r  to  
d e t e c t  t h e  f ina l  p r o d u c t s  a n d  to  r e l a t e  t he se  f i nd ings  
w i t h  t h e  m e t a b o l i s m  of c y s t a m i n e  in vivo. 
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Riassunto 

Le d i a m i n e  so l fo ra te  c i s t a m i n a  e l a n t i o n a m i n a  sono  
oss ida te  con  ve loc i t~  c o m p a r a b i l e  a que l l a  de l la  cada -  
r e t i n a  da l l a  d i amino-oss idas i .  I1 solfone de l la  l a n t i o n a -  
m i n a  ~ os s ida to  p ih  l e n t a m e n t e  ed il d i so l foss ido  de l la  
c i s t a m i n a  n o n  ~ os s ida to  a f fa t to .  B e n c h ~  da l l ' o s s idaz ione  

I n  o t h e r  ( u n p u b l i s h e d )  i n v e s t i g a t i o n s ,  i t  was  e s t ab l i sh -  
ed t h a t  c o t y l e d o n - l e s s  pea  seed l ings  (if t h e  excis ion  of 
c o t y l c d o n s  c a r r i e d  o u t  a t  t h e  3rd d a y  of g e r m i n a t i o n )  
are  de f i c i en t  in  f ree  g l u t a m i c  acid,  a t  l eas t  for a few days .  

A c c o r d i n g  t o  BURKHOLDER a n d  McVEIGH 1 a n d  
CHELDELIN a n d  LANE 2, a n  a c c u m u l a t i o n  of v i t a m i n  
Bs, py r idox ine ,  is o b s e r v a b l e  in  t h e  g e r m i n a t i n g  seeds.  
The  p y r i d o x i n e  a n d  i t s  s eve r a l  d e r i v a t i v e s  f u n c t i o n  as 
c o t r a n s a m i n a s e s ,  a n d  c o n s e q u e n t l y  p l a y  a n  i m p o r t a n t  
role in  t h e  i n t e n s i v e  t r a n s a m i n a t i o n  of t h e  seedl ings  8. 
WILSON et al. 4 h a v e  p r e p a r e d  f r o m  6 -10  d a y  old  seed l ings  
a n  e n z y m e  f r ac t ion ,  wh ich ,  in  t h e  p r e s e n c e  of p y r i d -  
o x a m i n e  or p y r i d o x a l - 5 - p h o s p h a t e ,  t r a n s f e r s  t h e  a m i n o  
g r o u p s  to  ~ - k e t o g l u t a r i c  acid .  

FRIES ~ showed  t h a t  c o t y l e d o n - l e s s  pea  seed l ings  re- 
qu i r e  in  e m b r y o  c u l t u r e  a s i g n i f i c a n t l y  h i g h  a m o u n t  of 
p y r i d o x i n e .  

I h a v e  c o n f i r m e d  e x p e r i m e n t a l l y  in  t h e  fo l lowing  
m a n n e r .  Seedl ings  of " F o l g e r "  p e a  were  d e p r i v e d  of 
t h e i r  c o t y l e d o n s  a f t e r  3 d a y s  of g e r m i n a t i o n  (a t  r o o m  
t e m p e r a t u r e )  a n d  exposed  o n  l i g h t  in  K n o p  so lu t ion .  
3 d a y s  a f te r ,  one  g roup  of t h e  p l a n t s  was  i n f i l t r a t e d  in  
v a c u u m  ( two t i m e s  d u r i n g  24 h) w i t h  0 .1% p y r i d o x i n e  
d i s so lved  in wate r .  T h e  o t h e r  g r o u p  (control )  was  g i v e n  
o n l y  d i s t i l l ed  w a t e r  (also b y  v a c u u m i n f i l t r a t i o n )  a t  t h e  
s a m e  t ime .  24 h l a t e r  I a n a l y z e d  t h e  seed l ings  of t h e  t w o  
v a r i a n t s  w i t h  r e spec t  to  t h e i r  free a m i n o  acids,  u s ing  t h e  
m e t h o d  of AWAPARA e. T h e  s o l v e n t  of t h e  (25 c m  d ia -  
me te r )  p a p e r  c h r o m a t o g r a m s  was  b u t y l i c  a l c o h o l - - w a -  
t e r - a c e t i c  ac id  (4: 1:5) .  T h e  f resh  w e i g h t  of t h e  e x t r a c t -  
ed p l a n t  m a t e r i a l  was  of 0.5 g.* 

T h e  r e su l t s  of t h e  i n v e s t i g a t i o n  s h o w e d  t h a t  w h i l e  t h e  
w a t e r - i n f i l t r a t e d  p l a n t s  were  de f i c i en t  of f ree  g l u t a m i c  
acid,  in  t h e  p l a n t s  p r o v i d e d  w i t h  p y r i d o x i n e  g l u t a m i c  
ac id  a p p e a r e d  also a m o n g  t h e  o t h e r  free a m i n o  ac ids  
(arg in ine ,  ser ine ,  t y ro s ine ,  leucine) ,  

I t  is p r o b a b l e  t h a t  in  co ty l edon - l e s s  p e a  seedl ings  t h e r e  
is no  su f f i c i en t  a m o u n t  of p y r i d o x i n e .  

L. MARTOS 

Chair o] plant breeding, High School o[ Horticulture, 
Budapest, Hungary,  June 18, 1956. 
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Zusammen/assung 

E s  wi rd  fes tgeste l l t ,  dass  in  j u n g e n  E r b s e n k e i m l i n g e n ,  
die i h r e r  /%otyledonen b e r a u b t  w u r d e n ,  e in ige  freie 
A m i n o s / i u r e n  fehlen.  W e n n  solche  K e i m l i n g e  m i t  Py r i -  
d o x i n l S s u n g  i n f i l t r i e r t  we rden ,  i s t  j e d o c h  u n t e r  i h r e n  
f re ien  Aminos~turen  a u c h  die  s o n s t  f eh t ende  G l u t a m i n -  
s~iure n a c h w e i s b a r .  

Util ization of iron from Ethylenediamine Tetra-  
acetic Acid-Iron Chelate Complex  in Culture 

Medium by Fusar ium 

T h e  n e e d  for  t h i s  i n v e s t i g a t i o n  a rose  whi l e  t h e  w r i t e r s  
we re  e n g a g e d  w i t h  t h e  p r o b l e m  of t h e  role  of m i c r o -  
n u t r i e n t s  in  fungi ,  e spec ia l ly  in  t h e  r e d u c t i o n  of n i t r a t e s  
a n d  s u l p h a t e s  b y  lZusarium lycopersici Sacc.  ( s t r a in  E T H  
5414, k i n d l y  s u p p l i e d  to  us  b y  Dr .  H.  KERN of t h e  Swiss  
F e d e r a l  I n s t i t u t e  of Tec hno l ogy ,  Zur ich) .  W h e n  i ron  as  
FeC13'6 H 2 0  was  a d d e d  to  t h e  pu r i f i ed  R i c h a r d ' s  m e d i u m ,  
i t  i n v a r i a b l y  led t o  t h e  p r e c i p i t a t i o n  of t h e  i n so lub l e  
ferr ic  p h o s p h a t e  e v e n  a t  p H  4.0. T h e  o n l y  p o s s i b i l i t y  
t h a t  s u g g e s t e d  i t se l f  was  t h e  use  of some  c h e l a t i n g  a g e n t  
in  t h e  a r t i f i c ia l  c u l t u r e  m e d i u m  to  c h e c k  t h e  f o r m a t i o n  
of t h e  p r e c i p i t a t e .  S o m e  w or ke r s  o n  m i c r o b i a l  n u t r i t i o n  1 
h a v e  u sed  h y d r o x y c a r b o x y l i c  ac ids  as t h e  c h e l a t i n g  
agen t s ,  b u t  t h i s  p r o c e d u r e  h a s  b e e n  c r i t i c ized  2 o n  t h e  
g r o u n d  t h a t  s u c h  ac ids  a re  r e g u l a r  p a r t i c i p a n t s  in  t h e  
f u n g a l  m e t a b o l i s m .  SCHATZ a n d  HUTNER 2 h a v e  r e c o m -  
m e n d e d  t h e  use  of e t h y l e n e d i a m i n e  t e t r a a c e t i c  ac id  
( E D T A )  in  t h i s  c o n n e c t i o n .  E D T A  f o r m s  so lub le  c h e l a t e  
c o m p l e x e s  w i t h  m a n y  m e t a l l i c  ions,  e.g., Fe++, Ca++ a n d  
Mg ++ etc.  a. W h i l e  E D T A  h a s  f o u n d  e x c e l l e n t  u sage  as  a 
c h e l a t i n g  a g e n t  for  n u t r i t i o n a l  w o r k  w i t h  h i g h e r  p l a n t s ,  
a lgae  4 etc. ,  a n d  s eems  t o  b e  b io log i ca l l y  i n e r t  for  t h e m ,  
no  i r r e v o c a b l e  p r o o f  of i t s  i n e r t n e s s  is a v a i l a b l e  as  re-  
g a r d s  t h e  fungi .  R~ISCHER s h a s  used  E D T A  as a c h e l a t -  
ing a g e n t  in  h i s  w o r k  o n  t h e  i n o r g a n i c  n u t r i t i o n  of Sa-  
p r o l e g n i a c e a e  w i t h o u t  a n y  a d v e r s e  effects.  FRIes  6, how-  
ever ,  f inds  E D T A  t o x i c  for  some  species  of Coprinus in  
a r t i f ic ia l  cu l tu re ,  spec ia l ly  in  p H  r a n g e s  be low 7. Be fo re  
u s ing  t h e  c h e l a t i n g  agen t ,  t he re fo re ,  i t s  e f fec t  o n  t h e  
g r o w t h  of Fusarium h a d  to  b e  a s c e r t a i n e d .  

Fusarium lycopersici was g r o w n  in R i c h a r d ' s  m e d i u m  
in  2 series of E r l e m n e y e r  f lasks  of 150 m l  c a p a c i t y .  E a c h  
f lask  c o n t a i n e d  a t o t a l  of 20 ml  of t h e  n u t r i e n t  so lu t ion .  
I n  one  series  of f lasks  5 m g  of i ron  p e r  1 as  i r o n - E D T A  
c o m p l e x  was  a d d e d . ( f o r  p r e p a r a t i o n  see ARNON et al. 4) 
a n d  in  t h e  o t h e r  ser ies  a n  e q u i v a l e n t  a m o u n t  of i ron  as 
Fe,(SO4)a-7 H , O  was  inc luded .  A p a r t  f r o m  i ron,  al l  t h e  
f lasks  r ece ived  a n  o p t i m a l  q u a n t i t y  of a m i c r o n u t r i e n t  
so lu t i on  7. Glass  (Py rex )  r ed i s t i l l ed  w a t e r  was  used  in  
m a k i n g  s o l u t i o n s  a n d  t h e  l a t t e r  were  a d j u s t e d  t o  a p H  
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A. SenATZ and S. H. HUTNI~R, Soc. Amer. Bacteriol., Abs. and 

Papers, 1949, 34. 
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1029 (1948). 
4 D. I. ARSON, P. S. ICmOKA, G. WESS~L, A. FUJWARA, and J. T. 

WOOLEY, Physiol. Plant. 8, 538 (1955). 
a H. S. REISCHEn, Mycologia 43, 142 (1951). 

L. FreEs, Svensk bot. Tidskr. 60, 47 (1956). 
The micronutrient solution per litre consisted of: ZnS04.7H20 

0-069 raM; MnCI~,4H~O 0.015 mM; CuSOa.5H20 0.004 mM; 
Na2M004-2 H~O 0,004 raM; Co(NOR)2.6 H~O 0.0003 raM; Ni(NOa)2-2 
H20 0*0004 raM; NaVOa.4 H~O 0.0004 mM. 

of 4.0 before  a u t o c l a v i n g .  T h e  f lasks  r ece ived  a un i fo rm 
a m o u n t  of con id i a l  s u s p e n s i o n  ra i sed  in  r ice  cu l tu re s  s. 
T h e y  were  i n c u b a t e d  in  t h e  d a r k  a t  25°C. A f t e r  every  
second  d a y  of g rowth ,  r e p l i c a t e  f lasks  f r o m  each  series 
were  t a k e n ,  ac id i f ied  w i t h  re.disti l led HC1 to  a p H  of 2.0 
( to d i s so lve  a n y  p r e c i p i t a t e d  i ron  p h o s p h a t e )  a n d  f i l tered 
t h r o u g h  a we ighed  W h a t m a n  f i l t e r  no.  40. T h e  m y c e l i u m  
was  w a s h e d  w i t h  50 ml  of ac i f id ied  r ed i s t i l l ed  w a t e r  a n d  
t h e  f i l te r  p a p e r  a l o n g  w i t h  t h e  m y c e l i u m  was  d r i ed  over-  
n i g h t  a t  60°C a n d  f ina l ly  a t  a b o u t  105°C for  a f u r t h e r  
p e r i o d  of  3 h.  T h e s e  were  t h e n  we ighed  in  a ba lance .  
T o t a l  i r on  in  t h e  m y c e l i u m  was  d e t e r m i n e d  b y  us ing  
t h e  e : e ' - d i p y r i d y l  r e a g e n t  9. A we ighed  q u a n t i t y  of the  
m y c e l i u m  was  a s h e d  i n  a c ruc ib l e  u s i n g  a d r o p  of i ron-  
f ree  H N O  3 t o w a r d s  t h e  end.  T h e  r e s idue  was  e x t r a c t e d  
w i t h  N • HC1 so lu t i on  a n d  i ron  d e t e r m i n e d  in  t h i s  us ing 
a 10% so lu t i on  of  s o d i u m  s u l p h i t e  to  r e d u c e  t h e  F e  +++ 
t o  Fe++ form.  T h e  p i n k  co lour  was  r e a d  off  in  a Spekker  
p h o t o e l e c t r i c  c o l o r i m e t e r  w i t h  t h e  he lp  of a g r een  fi l ter  
( m a x i m a l  a b s o r p t i o n  n e a r  520 /~m) a n d  t h e  a m o u n t  of 
i ron  e s t i m a t e d  w i t h  t h e  he lp  of a s t a n d a r d  curve .  

Total dry weight/ /~g Fe/mg mycelium 
ml medium dry weight 

Days 

3 
5 
7 
9 

11 

without with EDTA EDTA 

mg mg 
3"5 3-3 
5-O 3"5 
7.O 7.O 
8.0 7"3 
9-1 9"0 

without with EDTA 
EDTA 

0-046 0-036 
0"027 0-030 
0.030 0-034 
0"042 0-039 

T h e  T a b l e  a b o v e  s u m m a r i z e s  t h e  r e su l t s  of  ou r  in- 
v e s t i g a t i o n .  I t  will  b e  no t i c ed  t h a t  c u l t u r e s  w i t h  E D T A  
s h o w  a c o n s i s t e n t l y  b e t t e r  g r o w t h  t h a n  t h o s e  w i t h o u t  
t h e  c h e l a t i n g  a g e n t .  T h e  t o t a l  a m o u n t  of i r o n  in  the  
m y c e l i u m ,  howeve r ,  is n e a r l y  t h e  s a m e  in  b o t h  t h e  series 
a n d  w i t h i n  t h e  r a n g e  of e x p e r i m e n t a l  error .  I t  is  clear 
t h a t  E D T A  in  t h e  a m o u n t s  u s e d  he re  is n o t  a t  al l  toxic  
to  t h e  fungus ,  a n d  in  f ac t  i t  s u p p o r t s  s l i gh t l y  b e t t e r  
g r o w t h  of t h e  o r g a n i s m ,  p e r h a p s  b e c a u s e  E D T A  does 
n o t  a l low t h e  i ron  ions  to  p r e c i p i t a t e  as t h e  in so lub le  iron 
p h o s p h a t e ,  a n d  t h u s  m a i n t a i n s  a c o n s t a n t  s u p p l y  of the  
m i c r o n u t r i e n t s  in  t h e  m e d i u m  in  a so lub le  fo rm.  

W h e n  Fusarium lycopersici is g rowing  on  n i t r a t e  as the  
sole source  of n i t r o g e n  in  t h e  m e d i u m ,  t h e  p H  of t he  cul- 
t u r e  s o l u t i o n  r ises  as t h e  n i t r a t e  ions  a re  a s s imi l a t ed  1°. 
W h e n  m a x i m u m  g r o w t h  ha s  t a k e n  p lace  on  t h e  R i c h a r d ' s  
m e d i u m ,  t h e  p H  reaches  a b o u t  7.0. E D T A  is undissoc ia t -  
ed  or  p a r t l y  d i s soc i a t ed  a t  p H  v a l u e s  be low 7 a n d  the  
c a u s e  of i t s  t o x i c i t y  h a s  b e e n  c o r r e l a t e d  6 to  t h e  undis- 
s o c i a t e d  E D T A  in  t h e  m e d i u m  used  for  c u l t u r i n g  cer ta in  
Coprimts species.  I n  t h e  o r g a n i s m  w h i c h  we h a v e  used 
for  e x p e r i m e n t a t i o n ,  h o w e v e r ,  s u c h  t o x i c i t y  is n o t  noted  
a t  p H  v a l u e s  b e t w e e n  4.0 a n d  7-0. I t  is q u i t e  possible 
t h a t  d i f f e r e n t  fung i  b e h a v e  d i f f e r e n t l y  w i t h  r e g a r d  to 
t h e  p r e s e n c e  of E D T A .  T h i s  is b e i n g  f u r t h e r  i nves t i ga t ed  
in o u r  l a b o r a t o r i e s .  
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