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A b s c i s i c  A c i d - L i k e  A c t i v i t y  o f  T r t s p o r i c  A c i d s  

Tr i spor ic  acids  a re  s exua l  h o r m o n e s  of Mucora les  1,~ 
p r o d u c e d  b y  m i x e d  cu l tu re s  of p lus  a n d  m i n u s  s t r a i n s  of 
Blakeslea trisporaS, 4. T h r e e  d i f f e ren t  t r i spor ic  ac ids  are  
known,  n a m e d  A, B a n d  C. T h e  s t r u c t u r e s  of t r i spor ic  
acids  B (I) a n d  C (II)  h a v e  been  d e t e r m i n e d a - L  
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I : R  = 0; I I : R  = H, OH 

Abscisic  acidS, 9 ( I I I )  is a p l a n t  h o r m o n e  showing  
va r ious  k inds  of a c t i v i t y  such  as  t h e  absc iss ion  acce le ra t ion  
of f ru i t s  a n d  leaves,  t h e  i n d u c t i o n  of senescence  a n d  t h e  
p r o l o n g a t i o n  of t h e  d o r m a n c y  of m a n y  seeds. 
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T h e  ana logy  of s t r u c t u r e  b e t w e e n  abscis ic  acid a n d  t r is -  
por ic  acids  led us to  t e s t  t h e  l a t t e r  for  t h e i r  poss ible  ac t iv i -  
t y  as p l a n t  ho rmones .  

W e  f i rs t  t r i ed  w h e t h e r  t h e  t r i spor ic  ac ids  were ab le  to  
i n h i b i t  t h e  g e r m i n a t i o n  of seeds of va r i ous  species of 
p l an t s .  Because  of t h e  low s t a b i l i t y  of t h e  t r i spor i c  acids,  
we e m p l o y e d  t h e  less u n s t a b l e  t e t r a h y d r o d e r i v a t i v e s %  
The  s a m p l e  we used  was  a m i x t u r e  of N a  sa l t s  of t e t r a h y -  
d ro t r i spor i c  acid A, B a n d  C ( abou t  1 - 2 % ,  15% a n d  80%,  
respec t ive ly) .  

Seeds of va r ious  species were  p u t  on  a l ayer  of f i l te r  
p a p e r  in  P e t r i  dishes,  soaked  w i t h  w a t e r  so lu t ions  of 
va r i ous  c o n c e n t r a t i o n  of t h e  s u b s t a n c e s  a n d  i n c u b a t e d  a t  
24°C u n t i l  c o m p l e t e  g e r m i n a t i o n  was  o b s e r v e d  w i t h  
con t ro l  seeds soaked  w i t h  p l a in  wate r .  Seeds of t h e  follow- 
ing species were  e x a m i n e d :  b a r l e y  ~Ordeum sativum), 
b e a n  ( Phaseolus vulgaris), sesame  ( Sesamun indicum), r ape  
(Brassica napus olei#ra). 

T h e  g e r m i n a t i o n  of b a r l e y  was c o m p l e t e l y  p r e v e n t e d  
b y  1000 t~g/ml of t e t r a h y d r o t r i s p o r i c  ac ids  whereas  200 
~zg/ml caused  a decrease  of t h e  p e r c e n t a g e  of g e r m i n a t i o n  
f r o m  95 to  60 a n d  a d e l a y  of a b o u t  a day .  T h e  g e r m i n a t i o n  
of b e a n s  was  n o t  e n t i r e l y  p r e v e n t e d  a t  t h e  h i g h e s t  t e s t ed  
dose (2000 t~g/ml). T h e r e  was, however ,  a de l ay  of 1 or  2 
d a y s  in g e r m i n a t i o n  a t  c o n c e n t r a t i o n s  h i g h e r  t h a n  500 
~g/ml.  T h e  g e r m i n a t i o n  of seeds  of sesame was i n h i b i t e d  
w i t h  1000 tzg/ml, r educed  to  t h e  50% w i t h  500 ~g /ml  a n d  
de l ayed  w i t h  100 &g/ml. Seeds  of rape,  f inal ly ,  d id  n o t  
g e r m i n a t e  a t  a l l  w i t h  2000 ~ g / m l  a n d  t h e  p e r c e n t a g e  
of g e r m i n a t i o n  was  6 0 %  w i t h  500 t~g/ml. 

I t  is k n o w n  t h a t  t h e  effect  of absc is ic  ac id  is a n t a g o n i z e d  
b y  g ibbere l l ic  acid x0, xx. There fo re  a t r i a l  was  p l a n n e d  in 
o rder  to  p u t  in  ev idence  a poss ible  a n t a g o n i z i n g  effect  of 
g ibbere l l ic  ac id  aga i n s t  t e t r a h y d r o t r i s p o r i c  acids.  T h e  
resu l t s  o b t a i n e d  a f t e r  5 d a y s '  i n c u b a t i o n  a re  r e p o r t e d  in 
t h e  Figure .  

T h e  t e t r a h y d r o t r i s p o r i c  ac ids  d e t e r m i n e  a s t r o n g  
r e d u c t i o n  of g e r m i n a t i o n  (wi th  400 wg/ml i t  d r o p s  to  t h e  
27%)  : t h e y  also cause  a de l ay  of 1 or  2 days  in  t h e  germi-  
na t ion .  Gibbere l l i c  acid a lone  does n o t  d e t e r m i n e  a n y  

increase  of t h e  r a t e  of g e r m i n a t i o n  bu t ,  w h e n  a d m i n i s t e r e d  
w i t h  t h e  t e t r a h y d r o t r i s p o r i c  acids,  i t  r everses  t h e i r  ef fect ;  
200 vtg/ml of g ibberel l ic  acid p rac t i ca l l y  a n n u l  t h e  effect  
of 400 btg/ml of t e t r a h y d r o t r i s p o r i c  acids.  T h e  a n t a g o n i s t i c  
ac t ion  of g ibbere l l ic  acid on  t h e  t e t r a h y d r o t r i s p o r i c  acids  
d e p e n d s  on  t h e  q u a n t i t a t i v e  ra t ios  b e t w e e n  t he  two  
subs tances .  

In  some e x p e r i m e n t s  on  seeds of bar ley ,  t h e  N a  sa l t s  
of t r i spor ic  ac ids  showed  t h e  s a m e  i n h i b i t i n g  ef fec t  of  t h e  
t e t r a h y d r o d e r i v a t i v e s  w i t h i n  t h e  f i r s t  2 or  3 d a y s  of t h e  
e x p e r i m e n t ;  l a t e r  on  t h e  effect  d i sappeared .  Ana lyse s  
d e m o n s t r a t e d ,  however ,  t h a t  w i t h i n  2 or 3 days  t h e  
t r i spor ic  acids,  un l ike  t e t r a h y d r o t r i s p o r i c  acids,  d i sappea r -  
ed f rom t h e  so lu t ion  t h a t  soaked  t h e  seeds. 

I t  is t he re fo re  poss ible  to  conc lude  t h a t  b o t h  t e t r a h y -  
d ro t r i spo r i c  acids  a n d  t r i spor ic  acids  exe r t  a n  ac t ion  
r e s e m b l i n g  t h a t  of abscis ic  ac id :  t h i s  is more  e v i d e n t  
w i t h  t h e  t e t r a h y d r o d e r i v a t i v e s  because  of t h e i r  h i g h e r  
s t ab i l i t y .  

As for t h e  doses, these  are  n o t  v e r y  d i f f e ren t  f rom those  
r e p o r t e d  for  abscis ic  acid lz. I n  t h i s  case, in  fact ,  t h e  con-  
c e n t r a t i o n  necessa ry  for i n h i b i t i n g  g e r m i n a t i o n  of l e t t uce  
seeds  was 50 ~g/ml.  

T h e  resu l t s  r epo r t ed  s t r o n g l y  sugges t  t h a t  t r i spor ic  
acids,  bes ides  t h e i r  h o r m o n a l  a c t i v i t y  in t h e  fungi ,  m i g h t  
e x e r t  a r e g u l a t o r y  a c t i v i t y  in t h e  h i g h e r  p l a n t s  z~. 
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Interaction between tetrahydrotrisporic acids and gibberellic acid 
(GA) in the germination of barley seeds. 
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Riassunto .  Gli acidi  te t ra idrot r i spor ic i  e gli  acidi t r ispo- 
rici A, 13 e C inibiscono la ge rmina t ione  di  semi di  var ie  
specie di piante.  I1 loro effe t to  ~ an tagonizza to  da  acido 
gibberellico. Questo  fa t to  e l ' ana log ia  s t ru t tu ra le  fra gli 
acidi  t r isporici  e l ' ac ido abscissico suggeriscono che gli  
acidi  tr isporici ,  ol tre  ad  unaa t t i v i t~  o rmona  le nei  funghi,  
possano anche svolgere una  a t t iv i t~  regolat r ice  nelte 

p ian te  superiori  analoga  a quel la  eserc i ta ta  dal l 'ac ido 
abscissico. 

C. SPALLA a n d  G. BIFFI 

Farmi ta l ia ,  Is t i tu to  Ricerche di Base,  V ia  dei Gracchi 35, 
1 - 2 0 1 4 6  lVIilano (Italy),  27 M a y  1971. 

T h e  Identification of eN-(fl-Aspartyl)-L-Lysine in Native and Heated Keratin 

The  presence of an o~-~ isopept ide  l ink be tween  the  7- 
ca rboxyl  group of a g lu t amyl  residue and the  r -amino group 
of a lysy l  residue has been repor ted  by  LORAND et  al. 1 
and PISANO et  al.* in po lymer ized  fibrin.  Studies  on 
hea ted  kera t in  indica ted  t h a t  some 'b ind ing '  of the  e- 
amino  groups of lysine was occurr ing 3. Subsequen t  work  
by  t h e  present  authors,  using an enzymic  m e t h o d  resul ted 
in the  ident i f ica t ion and isolat ion of this  mo ie ty  in bo th  
na t ive*  and hea ted  ke ra t inL  In  the  case of t he  hea ted  
protein,  a grea ter  concent ra t ion  of 7 -g lu tamyl  lysine 
were found than  in the  na t ive  kerat in .  

The  enzymic  me thod  used to isolate this mo ie ty  would 
also leave in tac t  a s imilar  isopept ide l ink be tween  the  
f l-carboxyl group of any  aspar ty l  residues and the  e-amino 
groups of lysine. I t  was observed on amino  acid analysis 
of the  kera t in  digests, t h a t  2 smal l  peaks  be tween  leucine 
and tyros ine  did occur (Figure). The  slower mov ing  peak  
was ident i f ied as ~(7-glutamyl) lysine, whereas  the  more 
rap id  mov ing  peak  was suspected  to be  e(fi-aspartyl) 
lysine. Subsequen t  work  has  now conf i rmed the  iden t i ty  
o£ this  moie ty .  

Two samples  of Merino wool  kerat in ,  one of which had 
been hea ted  for 100 °C for 48 h, were r e d u c e d w i t h  t r ibu ty l -  
phosphine,  and the  thioI  groups blocked w i t h  acryloni t r i le .  
The  resul t ing proteins  were enzymica l ly  digested using 
pepsin,  pronase,  aminopep t idase  M and prol idase as 
descr ibed by  COLE et  al. B. The  resul t ing digests were 
f rac t iona ted  by  ion-exchange  c h r o m a t o g r a p h y  using the  
Technicon amino  acid ana lyzer  sys tem wi th  s t ream 
spl i t t ing  to moin i to r  the  fractions.  

A wide fract ion was collected f rom the  co lumn contain-  
ing leucine, tyrosine,  e(~,-glutamyl) lysine and the  
unknown.  Af te r  desal t ing and concen t ra t ion  this  f rac t ion 
was separa ted  by  paper  c h r o m a t o g r a p h y  using butan-1 
ol-acetie ac id-water  (4:1'.5 by  vol.) as the  eluent .  By  this  
means  the  band conta in ing  the  isopept ide  was located 
and excized. This  band  was e luted wi th  wa te r  and spl i t  
into 2 fractions,  the  first  por t ion  being hydrolyzed,  the  
second was t rea ted  wi th  1-d imethyl  amino-nap tha lene-  
5-sulphonyl chloride ~ and then  hydrolyzed.  The  resul t ing 
hydrolysa tes  were examined  by  high vol tage  electropho-  
resis and thin  layer  ch romatography .  The  first  hydro lysa te  
showed the  presence of aspart ic ,  g lu tamic  acids and 
lysine thus  indicat ing t h a t  as well  as t he  ~(7-glutamyl) 
lysine there  was also some pept ide  mater ia l  conta in ing  
an aspar ty l  residue. On analyz ing  the  second hydro lysa te  
the  fact  t h a t  the  aspart ic  acid and lysine are no t  invo lved  
in a normal  pept ide  l ink was established as DNS-aspa r t i c  
and DNS-g lu t amic  acids were located along wi th  ~ D N S  
lysine thus  p rov ing  the exis tance of eN-(fl-aspartyl) 
lysine in wool  kerat in .  

On  s tudy ing  the  hea ted  sample  of kera t in  i t  was found 
t h a t  t he  a m o u n t  of eN-(fl-aspartyl) lysine had  increased 
(Table). 

As a f inal  conf i rmi to ry  tes t  a sample  of syn the t ic  
eN (fl-aspartyl) lysine was run  on the  Technicon auto-  

Quantities of s-(fl-aspartyl)-lysine in heated keratin 

Temperature for 48 h (°C) e-(fl-aspartyl)-lysine 

Control 15 
60 17 

100 20 
120 25 

Concentrations in ~moles/g. 

LeU ~yr 

-l<~ratin 

b) I Z .3 

_ A WOOl-l~rali~1* . 

W0011<~ratin+ 
B-asparTyl)-Iy~]ne 

Amino acid profiles of wool keratin digests, a) without b) with added 
e(y-glutamyl)-lysine , e) with added e(fl-aspartyl)-lysine, i. teueine. 
2. e(fl-aspartyl)-lysine. 3. e(~'-glutamyl)-lysine. 4. Tyrosine. 
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