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PEPTIDE BIOSYNTHESIS AND CHANGES IN 
FREE AMINO ACID COMPOSITION IN 

DEVELOPING BEAN SEEDLINGS 
(Phaseolus vulgaris) 

Pekka Lahdesmaki and Elise Siltaloppi 
Department of Biochemistly 

University of Oulu 
SF-905 70 Oulu 5 7, Finland 

ABSTRACT 

Bean seedling homogenates incorporated labelled 
L1'C] aspartate, ['"C] glutamate and ["C. glycine into 
a number of hydrolyzable radiopositive compounds, as 
detected by an X-film technique from the thin-layer 
chromatography plates. The original labelled amino 
acids in these compounds could be identified by re- 
chromatography of their acid hydrolysates. The struc- 
tures of these compounds are still under study, but 
they seem to be short-chain tri- pentapeptides, synthe- 
sized apparently directly from amino acids by the cyto- 
plasmic peptide synthetases. Both dry and swollen beans 
contained considerable concentrations of free amino 
acids, the amounts of which mostly decreased as the 
seedlings grew, although the concentrations of gluta- 
mine and y-aminobutyric acid increased. 
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INTRODUCTION 

LAHDESMAKI AND SILTALOPPI 

The g e r m i n a t i o n  o f  seeds i n v o l v e s  a number of 

p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  p r o c e s s e s ,  t h e  p u r p o s e  

o f  wh ich  i s  t o  g u a r a n t e e  a s u p p l y  of n u t r i e n t s  a n d  o t h e r  

g r o w t h  f a c t o r s  t o  t h e  d e v e l o p i n g  s e e d l i n g s  ( 1 - 2 1 .  Mobi- 

l i z a t i o n  o f  t h e  s torage  c a r b o h y d r a t e  a n d  p r o t e i n  p o l y -  

mers ( 3 - 5 1 ,  c h a n g e s  i n  enzyme a c t i v i t i e s  ( 6 - 8 1 ,  c h a n g e s  

i n  t h e  c o n c e n t r a t i o n s  o f  f r e e  amino  a c i d s  ( 9 , 1 0 1 ,  i n -  

c r e a s e d  a c t i v i t i e s  o f  amino  a c i d  a n d  p e p t i d e  t r a n s p o r t  

( 1 1 - 1 3 , 2 4 )  and  t h e  a p p e a r a n c e  o f  a number of p e p t i d e s  

( 9 , 1 4 1  h a v e  b e e n  w e l l  c h a r a c t e r i z e d .  A number o f  b i o -  

s y n t h e t i c  p r o c e s s e s  a l s o  o c c u r  ( 2 1 ,  b u t  t h e s e  a re  less  

w e l l  known. T h i s  i s  p a r t i c u l a r l y  t h e  c a s e  w i t h  t h e  pep -  

t i d e s ,  a l t h o u g h  a g r e a t  number o f  p e p t i d e s  h a s  b e e n  ob- 

s e r v e d  t o  o c c u r  i n  seeds a n d  s e e d l i n g s  ( 1 4 - 1 6 1 .  

A l a rge  p r o p o r t i o n  o f  t h e  p l a n t  p e p t i d e s  a r e  p r o b -  

a b l y  p r o d u c t s  o f  r - g l u t a m y l  t r a n s p e p t i d a s e  ( r - G T P ,  EC 

2 . 3 . 2 . 2 1  i n  a c e l l u l a r  membrane f r a c t i o n  ( 1 7 - 1 9 1 ,  w h i l e  

a n o t h e r  p o s s i b i l i t y  i s  f o r m a t i o n  b y  c y t o p l a s m i c  p e p t i d e  

s y n t h e t a s e s ,  wh ich  c a n  fo rm s i m p l e  p e p t i d e s  r a p i d l y  a n d  

d i r e c t l y  f rom amino  a c i d s .  O b s e r v a t i o n s  o n  t h e  p o s s i -  

b i l i t y  o f  t h i s  d i r e c t  p e p t i d e  s y n t h e s i s  i n  b e a n  s e e d l i n g  

hornogenates  a re  made h e r e  u s i n g  a v e r y  s e n s i t i v e  X-f i lm 

t e c h n i q u e  ( 2 0 1 .  The  c e l l u l a r  e n v i r o n m e n t  f o r  n a t u r a l  

p e p t i d e  b i o s y n t h e s i s  is  m o n i t o r e d  b y  a n a l y z i n g  t h e  com- 

p o s i t i o n  o f  t h e  f ree  amino  a c i d  p o o l s .  
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BEAN SEEDLING AMINO ACID COMPOSITION 3 

EXPERIMENTAL 

Commercial b e a n s  ( P h a s e o l u s  v u l g a r i s ) ,  w h i c h  h a d  

b e e n  s t o r e d  i n  d r y  bags a t  room t e m p e r a t u r e ,  were ger- 

m i n a t e d  b e t w e e n  w e t  f i l t e r  p a p e r s  a n d  t h e  s e e d l i n g s  

g rown  i n  a medium c o n t a i n i n g  ( g / l )  0 . 8  K N 0 3 ,  0 . 8  

C a ( N O 3 l 2 ,  0 . 2  MgS04 a n d  0 . 2  KH2P04. F o r  t h e  s t u d y  of 

p e p t i d e  b i o s y n t h e s i s  t h e  b e a n s  a n d  s e e d l i n g s  were ho-  

mogen ized  i n  25 m m o l / l  p o t a s s i u m  p h o s p h a t e  b u f f e r  (pH 

7.4) c o n t a i n i n g  ( m m o l / l )  50 K C 1 ,  5 s o d i u m  p h o s p h a t e ,  1 0  

MgC12, 10 g l u c o s e ,  0 . 1  CAMP, 0 . 5  ATP, 0 . 2 6  p h o s p h o e n o l -  

p y r u v a t e  a n d  10  mg/l p y r u v a t e  k i n a s e .  The  i n c u b a t i o n  

m i x t u r e s  a l s o  c o n t a i n e d  0 . 2 5  mol / l  of e a c h  of t h e  20 

p r o t e i n  amino  a c i d s  a n d  1 8 5  M B q / l  o f  [14C]glutamate 

( s p e c i f i c  a c t i v i t y  1 0 . 8  T B q / m o l ) ,  [“C] a s p a r t a t e  ( 9 . 0  

TBq/mol)  a n d  p 4 C ] g l y c i n e  ( 9 . 3  TBq/mol )  . A l l  t h e  r ad io -  

c h e m i c a l s  were p u r c h a s e d  from Arnersham I n t e r n a t i o n a l  

L i m i t e d ,  Amersham, U . K .  

I n c u b a t i o n s  were p e r f o r m e d  a t  310 K f o r  v a r y i n g  

p e r i o d s ,  b u t  1 h was  o b s e r v e d  t o  be t h e  o p t i m a l  time 

f o r  p e p t i d e  s y n t h e s i s .  The  r e a c t i o n s  were s t o p p e d  b y  

a d d i n g  0 . 1  mo l / l  co ld  p e r c h l o r i c  a c i d .  T h e  r e s u l t i n g  

p r o t e i n  p r e c i p i t a t e s  were removed  b y  c e n t r i f u g a t i o n .  

The e x t r a c t s  w e r e  t h e n  n e u t r a l i z e d  w i t h  K O H ,  t h e  p o t a s -  

s i u m  p e r c h l o r a t e  c e n t r i f u g e d  o u t  a n d  t h e  r e s i d u e s  l y o -  

p h i l i z e d  t o  d r y n e s s .  The  r e s i d u e s  w e r e  d i s s o l v e d  i n  d i s -  

t i l l e d  water a n d  a p p l i e d  t o  t h e  TLC p l a t e s .  T h e  ch roma-  
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4 WIDESMAKI AND SILTALOPPI 

tograms were developed with 70 % (v/v) ethanol and 75 % 

(w/v) phenol in water. The dry plates were then tightly 

covered with X-films and left for one week in the dark 

at room temperature. They were then developed with 

Kodak DX-80 and fixed with Kodak FX-40. Some of the 

samples were hydrolyzed with 6 mol/l HC1 at 3 9 3  K for 

20 h ,  the hydrolysates being evaporated to dryness and 

analyzed as above. Some of the TLC plates were sprayed 

with ninhydrin (15 % ninhydrin in 3 mol/l potassium 

citrate buffer, pH 5.1), and some tests were carried out 

on the effect of chloramphenicol on the peptide biosyn- 

thesis as above, but with the addition of 2.05 mmol/l 

chloramphenicol to the incubation mixture. 

Free amino acids from the beans and bean seedlings 

were extracted with 5 % (w/v) trichloroacetic acid 

(TCA), which was then removed by shaking with diethyl 

ether, and the residues were lyophilized and dissolved 

for examination in an automatic amino acid analyzer 

(Kontron Liquimat 111). 

RESULTS AND DISCUSSION 

When three labelled amino acids, [ 14C]glutamate, 
[ 14C] aspartate and [14C]glycine, those which are gen- 

erally abundant in peptides (21) were used in combina- 

tion as markers in the amino acid mixture, the label 

appeared in a number of new radiopositive spots after 
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BEAN SEEDLING AMINO ACID COMPOSITION 

Figure 1. Autoradiographic X-film of the labelled spots 

formed from the original labelled amino acids ( A  =[ C]- 
glutamic acid, B = p4C]aspartic acid, C = [14C]glycine) 

during 1 h incubation of bean seedling homogenates at 

310 K. The hydrolyzable spots (a-e) were scraped up and 

studied by re-chromatography after hydrolysis in 6 m o l / l  

H C 1  at 393 K for 20 h. 
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6 LAHDESMAKl AND SILTALOPPI 

incubation of the bean seedling homogenates. Some of 

these spots disappeared after hydrolysis with 6 mol/l 

H C 1 .  Although the original labelled amino acids gave 

rise to a number of simple metabolic derivatives (-pami- 

nobutyric acid, glutamine, asparagine, serine, tricar- 

boxylic acid cycle intermediates), the possible peptides 

formed during incubation were sought among the uniden- 

tified hydrolyzable spots. Five such spots (labelled 

a-e in Figure 1) were discovered. Re-chromatography 

after hydrolysis showed the presence of the original 

labelled amino acids and p4C] serine (probably formed 

TABLE I 
Numbers of radiopositive spots formed from ["C] gluta- 
mate, ["C] aspartate and [ 14C] glycine in bean seedling 

homogenates during 1 h incubation at 310 K 

Labelled amino 
acids added 

Original labelled 
Aspartate (B) amino acids identi- 

Products fied in the spots 

- a 
b aspartate, glycine 

Hydrolyzable 5 C glutamate 
d glycine ( +  serine) 
e glutamate 

Non-hydrolyzable 4 
Formed in hydrolysis 2 

For the location of the original labelled amino acids 
(A-C) and the hydrolyzable spots (a-e), see Figure 1. 
["C] Serine was apparently formed from p4C]glycine 
during incubation. 
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BEAN SEEDLING AMINO ACID COMPOSITION 

f r o m  [14C]glycine) i n  t h e s e  compounds  ( T a b l e  1). The 

e x a c t  s t r u c t u r e s  of t h e s e  compounds  a r e  s t i l l  unknown,  

b u t  s t u d i e s  o n  s t r u c t u r a l l y  better d e f i n e d  p e p t i d e s  

( 2 2 )  a n d  o n  t h e  R f  v a l u e s  f o r  t h e  n i n h y d r i n - p o s i t i v e  

compounds  of t h e  b e a n  s e e d l i n g  e x t r a c t s ,  s u g g e s t  t h a t  

t h e y  are  s i m p l e  t r i - ,  t e t r a -  a n d  p e n t a p e p t i d e s .  C h l o r -  

a m p h e n i c o l  h a d  no  e f f ec t  o n  t h e  p e p t i d e  b i o s y n t h e s i s  i n  

TABLE I1 

C o n c e n t r a t i o n s  of c e r t a i n  f r ee  a m i n o  a c i d s  i n  b e a n s  a n d  

b e a n  s e e d l i n g s  d u r i n g  g e r m i n a t i o n  

C o n c e n t r a t i o n  ( p n o l / k g  w e t  w e i g h t )  

p e r  o r i g i n a l  b e a n  p e r  s e e d l i n g  

d r y  b e a n  s w o l l e n  b e a n  s e e d l i n g  ( 1 2  d )  
( 2  d )  Amino a c i d  

I n c r e a s e d :  

485 2 1 3 6  512  2 9 1  T- A m i  nobu  t y r  i c 
a c i d  5 2 3  2 25  

G l u t a m i n e  1 7 5  2 2 1  356 2 1 0 1  5 1 3  2 1 9  

D e c r e a s e d :  

Argi n i n e  2607 2 430 1 1 5 6  2 306 260 2 5 8  

A s p a r t i c  ac id  909 2 1 8 2  393  2 1 5 5  253  2 1 9  

G l u t a m i c  a c i d  866  2 1 9 9  487  2 89  2 7 1  2 24 

P r o l i n e  6 2 1  2 1 7 4  2 4 1  2 8 3  46 2 1 3  

A 1 a n i  ne  366 2 1 5 8  218 2 54 234 2 40 

V a l i n e  4 7 1  2 1 4 9  328 2 1 0 9  35 2 8 

H i s t i d i n e  252  2 28 1 9 5  2 33  2 1  2 2 

L y s i n e  50  2 1 9  45 2 2 1  4 - 0 . 4  

A s p a r a g i n e  1 1 7 0  2 284 1 1 3 6  2 3 0 1  1 0 2 8  2 8 9  

+ 
N o  c h a n g e s :  

G 1  y c  i n e  223  2 8 0  78 2 9 214 2 28 

S e r i n e  99  2 30 1 2 1  2 36 72 2 3 

R e s u l t s  a r e  means  ( -  S.E.M.) f r o m  4-6 e x p e r i m e n t s .  + 
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8 LAHDESMM AND SILTALOPPI 

t h e  b e a n  s e e d l i n g  h o m o g e n a t e s ,  i n d i c a t i n g  a c y t o p l a s m i c  

p l a c e  o f  t h e  s y n t h e s i s .  A s  c o n c l u d e d  e a r l i e r  ( 2 2 1 ,  t h i s  

t y p e  o f  t h e  p e p t i d e  b i o s y n t h e s i s  may t a k e  p l a c e  w i t h o u t  

a n y  c o d i n g  b y  D N A .  The b i o s y n t h e t i c  a b i l i t y  i n  b e a n s  

s t a r t e d  d u r i n g  t h e i r  s w e l l i n g  a n d  l a s t e d  f o r  t h e  w h o l e  

d e v e l o p m e n t  time o f  t h e  s e e d l i n g s .  

The b e a n s  ( b o t h  d r y  and  s w o l l e n )  and  b e a n  s e e d l i n g s  

c o n t a i n e d  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  f r e e  amino  

a c i d s  and  o t h e r  n i n h y d r i n - p o s i t i v e  compounds  ( T a b l e  2 1 ,  

t h e  main  c o n s t i t u e n t s  b e i n g  a r g i n i n e ,  a s p a r a g i n e ,  as-  

p a r t i c  and  g l u t a m i c  a c i d s ,  g l u t a m i n e  a n d T - a m i n o b u t y r i c  

a c i d ,  g i v i n g  a good  i n t r a c e l l u l a r  e n v i r o n m e n t  f o r  pep-  

t i d e  b i o s y n t h e s i s .  The c o n c e n t r a t i o n s  o f  f r e e  amino  

ac ids  m o s t l y  d e c r e a s e d  m a r k e d l y  a s  g e r m i n a t i o n  p r o g r e s -  

s e d ,  b u t  t h e  a m o u n t s  of g l u t a m i n e  a n d y - a m i n o b u t y r i c  

a c i d  i n c r e a s e d  s l i g h t l y ,  w h i l e  t h e  amount  o f  a s p a r a g i n e ,  

s e r i n e  and  g l y c i n e  were k e p t  a t  r e l a t i v e l y  c o n s t a n t  

l e v e l .  T h e s e  a n a l y s i s  r e s u l t s  a r e  i n  g e n e r a l  e q u a l ,  b o t h  

q u a l i t a t i v e l y  and  q u a n t i t a t i v e l y  w i t h  t h o s e  r e p o r t e d  

e a r l i e r  i n  g e r m i n a t i n g  l e g u m i n o u s  a n d  o t h e r  seeds ( 1 , 5 ,  

7 - 9 , 2 3 1 .  
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