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A Mutation Causing Proline Requirement in Zea mays 
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U n i v e r s i t s  di M i l a n o ,  I s t i t u t o  di G e n e t i c a ,  M i l a n o  ( I t a l i a )  

Summary. A conditional seedling lethal, monogenic recessive, endosperm mutant is described. Phenotypic 
can be accomplished when embryos are culturedin vitro on media supplemented with proline. The efficiency of the 
repair is proportional to the concentration of proline in the medium. Normal growth is resumed at a dose of 
160 mg/l. All the data collected are most easily interpreted by assuming that the mutant, symbolized pro has a 
genetic block in the biosynthetic route leading to proline. 

This is probably the first case of a strict genetic requirement for an amino acid to be reported in Zea mays. The 
possible reasons for the difficulties encountered in isolating obligate auxotrophs in higher plants are briefly re- 
viewed. 

I n t r o d u c t i o n  

Nutritional mutants in higher plants are very rare. New 

impetus has been given to this research by the recent 

advances in plant cell cultures, such as the production 

of haploid plants (Guha and Maheshawari 1964) and the 

availability of selective techniques (Carlson 1970) for 

the isolation of biochemical mutants o 

Nevertheless, the number of established mutants 

with simple metabolic blocks in higher plants in still 

relatively low if compared to the wealth of mutants of 

this kind known in microorganisms (see Li et al., 1967, 

for a general discussion). The only obligate auxotrophs 

verified, in fact, are those requiring thiamine as a 

supplement. They have been reported in Arabidopsis 

(Langridge 1955; R~dei 1960) and Lyeopersieum (Lang- 

ridge and Brock 196 I). Isolating this class of mutant 

is an important preliminary step for the study of the 

biochemical basis of the expression of mutant phenotypes, 

for investigating biosynthetic pathways and the genetic 

basis of their regulation. 

M a t e r i a l  

The m u t a n t  a r o s e  s p o n t a n e o u s l y  in  a g e n e t i c  s t o c k  wi th  
t h e  W22 i n b r e d  l i n e  b a c k g r o u n d .  A c c o r d i n g  to i t s  p e d i -  
g r e e ,  t h e  s t o c k  s h o u l d  b e  h e t e r o z y g o u s  f o r  a t r a n s l o c a -  
t i o n  i n v o l v i n g  c h r o m o s o m e  1 and  10 ( T I - 1 0 g ) .  H o w e v e r  
t h e  t r a n s l o c a t i o n  w as  no l o n g e r  p r e s e n t  at  t he  t i m e  of 
t h e  i s o l a t i o n  of t h e  m u t a n t ,  at  l e a s t  to  judge  f r o m  t h e  
l a c k  of  l i n k a g e  b e t w e e n  g e n e  m a r k e r s  of c h r o m o s o m e  1 
and  10, l a c k  of p o l l e n  o r  e a r  s e m i s t e r i l i t y ,  and  t h e  p r e s -  
e n c e  of a n o r m a l  k a r y o t y p e  in roo t  t ip  p r e p a r a t i o n s .  The  
m u t a t i o n  i s  r e c o g n i z a b l e  a s  e a r l y  a s  20 d a y s  a f t e r  p o l -  
l i n a t i o n  and  t h e  p l a n t s  e x h i b i t ,  a t  m a t u r i t y ,  a r e d u c e d  
and  i r r e g u l a r  g r o w t h  of t h e  e n d o s p e r m  ( F i g .  1 ) .  F o l l o w -  
ing g e r m i n a t i o n ,  t he  c o l e o p t i l e  f o r m s  n o r m a l l y  but  t h e  
s e e d l i n g  b e c o m e s  n e c r o t i c  a n d  d i e s  b e f o r e  e m e r g e n c e  of 
t h e  f i r s t  l e a f .  E x c i s e d  e m b r y o s  o c c a s i o n a l l y  show s o m e  
g r o w t h ,  up to 10-15  m m .  b e f o r e  n e c r o s i s  e n s u e s .  In t h e -  
s e  c a s e s  g r o w t h  p r o c e e d s  in  an  i r r e g u l a r  m a n n e r ,  y i e l d -  
ing one  o r  two s m a l l  l e a v e s  wi th  a b n o r m a l  m o r p h o l o g y .  

U s u a l l y  e m b r y o s  do not  g r o w  a t  a l l  o r ,  in  t h e  c a s e  of 
i m m a t u r e  e m b r y o  c u l t u r e s  ( 2 5 - 3 0  d a y s  a f t e r  p o l l i n a -  
t i o n ) ,  a c a l l u s  i s  f o r m e d  f r o m  s c u t e l l a r  t i s s u e s .  

M e t h o d s  

The g r o w t h  r e q u i r e m e n t s  of the  m u t a n t  w e r e  d e t e r m i n e d  
f r o m  in v i t r o  c u l t u r e s  of d e t a c h e d  p r i m a r y  r o o t s  o r  e x -  
c i s e d  e m b r y o s .  

A s e p s i s  was  s e c u r e d  b y  l e a v i n g  t h e  s e e d s  in a 
0 .  l~oHg Cl~ a l c o h o l i c  s o l u t i o n  (70%) f o r  f i ve  m i n u t e s ,  
r i n s i n g  t h e m  t w i c e  wi th  s t e r i l e  H~O and  l e a v i n g  t h e m  
f o r  12 m i n u t e s  in  a 5% c a l c i u m  h y p o c h l o r i t e  s o l u t i o n  
w h i c h  c o n t a i n e d  a few d r o p s  of  Tween  80 .  S e e d s  w e r e  
lef t  in  s t e r i l e  P e t r i  d i s h e s  f o r  48 h o u r s  at  r o o m  t e m -  
p e r a t u r e .  F o r  e m b r y o  c u l t u r e s ,  t h e  e m b r y o s  w i th  t h e  
s c u t e l l a  w e r e  t h e n  e x c i s e d  in a s t e r i l e  c h a m b e r ;  p l a c e d  
in a 5 3  c a l c i u m  h y p o c h l o r i t e  s o l u t i o n  f o r  f o u r  m i n u t e s  
a n d  t h e n  t r a n s f e r r e d  to t e s t  t u b e s  c o n t a i n i n g  d i f f e r e n t  
m e d i a  and  c u l t u r e d  in a g r o w t h  c h a m b e r  f o r  15 d a y s  at  
25 • 2 0 C,  u n d e r  15 h o u r s  da i l y  l igh t  c y c l e s .  

F o r  roo t  c u l t u r e ,  t h e  t i p s  of t h e  p r i m a r y  r o o t ,  
5 -10  m m  long ,  w e r e  e x c i s e d  one  day  a f t e r  g e r m i n a t i o n  
of t h e  s e e d s  t r e a t e d  a s  i n d i c a t e d  a b o v e  and  t r a n s f e r r e d  
a s e p t i c a l l y  to 250 m l  E r l e n m e y e r  f l a s k s  f i l l e d  wi th  50 m l  
of l i q u i d  m e d i u m .  The f l a s k s ,  e a c h  wi th  t h r e e  roo t  t i p s ,  
were left on a rotary shaker (80rpm) for 12 days at 
23 ~: 2 ~ C, under 14 hours of daily light regimes. Growth 
parameters were determined as indicated in the tables. 

Initially the weight of the entire seedling was taken 
as a measure of growth but later this was abandoned be- 
cause the results were inconsistent. It was realized that 
since excised embryos together with their scutella con- 
tribute significantly to the total weight of the seedlings, 
variations in their initial size affect the seedling weight 
determination thus masking the effect of nutrients upon 
growth. 

Each weight determination refers to three roots or 
two seedlings, respectively. 

P i g m e n t  c o n t e n t  d e t e r m i n a t i o n  

P i g m e n t s  w e r e  e x t r a c t e d  by  g r i n d i n g  l e a f  m a t e r i a l  in  
8 0 3  ( v / v )  a c e t o n e  wi th  a P o t t e r  h o m o g e n i z e r .  The h o -  
m o g e n a t e  was  c e n t r i f u g e d  t w i c e  at  3 0 0 0 g  and  p i g m e n t  
c o n c e n t r a t i o n  was  d e t e r m i n e d  s p e c t r o m e t r i c a l l y  u s i n g  
t he  f o r m u l a e  g i v e n  by  A r n o n  (1949)  f o r  c h l o r o p h y l l s  and  
by  v .  W e t t s t e i n  (1957)  f o r  c a r o t e n o i d s .  

C o m p o s i t i o n  of  g r o w t h  m e d i a  ( in  rag/1 d e i o n i z e d  
w a t e r )  
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F i g .  1. E a r  s e g r e g a t i n g  f o r  the  le tha l  e n d o s p e r m  mutan t  

1. M i n e r a l  m e d i u m  ( D ) f o r  e m b r y o  c u l t u r e :  NH4NO3 
600; M g S O 4 ,  7 H 2 0 ,  400; C a I I 4 ( P O 4 ) . H a O ,  400; 
K H a P O 4 ,  400; K a H P O 4 ,  160; F e C a H a O T .  3H~O.,  6 

2 .  E n r i c h e d  D m e d i u m  ( C . M . ) :  c o n s i s t e d  of c a s e i n  
h y d r o l y s a t e ,  y e a s t  e x t r a c t ,  y e a s t  h y d r o l y s a t e  (100,  20, 
20 r a g / l ,  r e s p e c t i v e l y )  a n d  4~o coconu t  mi lk  in the D 
m e d i u m .  Both m e d i a  w e r e  s u p p l e m e n t e d  wi th  2fo s a c -  
c h a r o s e  

3. H e l l e r  m e d i u m  (H) wi th  m i n o r  m o d i f i c a t i o n s  ( H e l -  
l e t  1948) f o r  roo t  c u l t u r e .  

F r e e  a m i n o  ac id  d e t e r m i n a t i o n  

Young s h o o t s  w e r e  h o m o g e n i z e d  at r o o m  t e m p e r a t u r e .  
Cold 95~ e thano l  w a s  added  to the  h o m o g e n a t e ,  us ing  
1 0 m l  f o r  e a c h  g of f r e s h  t i s s u e ,  and then  c e n t r i f u g e d .  
The a l c o h o l - s o l u b l e  s u p e r n a t a n t  w a s  run  on an amino  
a c i d  a n a l y z e r .  

R e s u l t s  

Iden t i f i ca t ion  of the  nu t r i t i ona l  r e q u i r e m e n t  of the  mutan t  

The in i t ia l  o b s e r v a t i o n  that  l ed  to  t h i s  a n a l y s i s  was  the  

d i f f e r i n g  g rowth  b e h a v i o u r  of e x c i s e d  mutan t  e m b r y o s  

c u l t u r e d  on b a s i c  (D) o r  e n r i c h e d  ( C . M . )  m e d i a .  Whi le  

shoot  d e v e l o p m e n t  on both  m e d i a  was  a r r e s t e d  at an e a r -  

ly s t a g e  when s e e d l i n g s  had r e a c h e d  a he ight  of about  

5 - 1 0 m m ,  the  r o o t s  of the  e m b r y o s  w e r e  o s t e n s i b l y  

m o r e  d e v e l o p e d  when c u l t u r e d  on C . M .  than  on D m e -  

d i u m .  The a v e r a g e  f r e s h  weight  of the  r o o t s  wi th  the  a t -  

t a c h e d  e m b r y o s  of 48 d a y - o l d  mutan t  g rown  on b a s i c  

and e n r i c h e d  m e d i a  was  161 and 304 mg r e s p e c t i v e l y .  

This  d i f f e r e n c e  could  be  e x p l a i n e d  by a s s u m i n g  the  

s i m u l t a n e o u s  o c c u r r e n c e  of a nu t r i t i ona l  r e q u i r e m e n t  

in the  mutan t  and a de fec t  in the  t r a n s p o r t  of the  n u t r i -  

ent  f r o m  r o o t s  to s h o o t s  as  a r e s u l t  of a s i n g l e  m u t a -  

t iona l  e v e n t .  The da ta  h o w e v e r  f av o u r  a s i m p l e r  e x p l a -  

na t ion ,  i . e .  a mu t a t i o n  l e a d s  to a r e q u i r e m e n t  f o r  a 

n u t r i e n t  p r e s e n t  only  in the  C . M .  

To ident i fy  t he  c o m p o n e n t  of the  e n r i c h e d  m e d i u m  

p r o m o t i n g  roo t  g rowth  in t he  m u t a n t ,  e x c i s e d  r o o t s  

w e r e  c u l t u r e d  on e i t h e r  b a s i c  m e d i u m  (H) o r  on b a s i c  

m e d i a  wi th  s i n g l e  add i t i ons  of the  o r g a n i c  c o m p o n e n t s  

of the  e n r i c h e d  D m e d i u m .  The r e s u l t s  (Table  1) ,  show 

tha t  the  only  addi t ion  p r o m o t i n g  g rowth  of the  r o o t s  of 

the  mutan t  was  v i t a m i n  f r e e  c a s e i n  h y d r o l y s a t e  (50 mg/1 ) .  

Roo t s  of n o r m a l  s i b l i n g s ,  on the  o t h e r  hand ,  w e r e  not 

s t i m u l a t e d  in t h e i r  g rowth  by c a s e i n  o r  the  o t h e r  a d -  

d i t ions  but w e r e  inh ib i t ed  by coconut  m i l k .  The e f fec t  

of i n c r e a s i n g  d o s e s  of c a s e i n  h y d r o l y s a t e  w a s  then  m e a s -  

u r e d .  It can  be s e e n  f r o m  the  r e s u l t s  (Table  2 ) t h a t  d o s e s  

Table  1. E f f e c t  of d i f f e r e n t  s u p p l e m e n t s  to the  b a s i c  H e l l e r  m e d i u m  on the  g rowth  of e x c i s e d  r o o t s  of mu tan t  
and n o r m a l  s i b s .  In t h i s  and fo l lowing t a b l e s  f i g u r e s  in b r a c k e t s  i nd i ca t e  s t a n d a r d  e r r o r .  A b b r e v i a t i o n s :  
LA = m e a n  l eng th  of p r i m a r y  roo t  in r a m ;  NL = m e a n  No.  of l a t e r a l  r o o t s ;  FW = m e a n  f r e s h  weight  in m g ;  
DW = m e a n  d r y  we igh t  in mg  

S u p p l e m e n t  No.  LA NL FW DW 
( r a g / l )  r o o t s  

N o r m a l  

None 12 8 9 . 5 ( 4 . 2 )  1 0 . 6 ( 2 . 6 )  5 2 . 1 ( 2 . 7 )  3 . 1 ( 0 . 3 )  
C a s e i n  h y d r .  50 12 8 1 . 5 ( 5 . 9 )  1 2 . 7 ( 2 . 8 )  5 4 . 0 ( 2 . 3 )  3 . 2 ( 0 . 3 )  
Y e a s t  h y d r .  10 6 7 1 . 3 ( 3 . 0 )  2 2 . 3 ( 2 . 7 )  5 3 . 0 ( 6 . 6 )  4 . 0 ( 0 . 5 )  
Y e a s t  e x t r .  10 6 6 2 . 3 ( 8 . 7 )  1 2 . 0 ( 3 . 0 )  3 6 . 1 ( 1 5 . 8 )  2 . 5 ( 1 . 5 )  
Coconut  mi lk  2 , 5 4  9 1 9 . 8 ( 1 . 1 )  3 . 6 ( 1 . 1 )  2 3 . 0 ( 1 . 5 )  2 . 4 ( 0 . 4 )  

Mutant  

None 9 1 5 . 0 ( 1 . 6 )  2 . 9 ( 1 . 6 )  1 4 . 0 ( 1 . 2 )  0 . 4 ( 0 . 1 )  
C a s e i n  h y d r .  50 6 4 7 . 0 ( 1 2 . 0 )  1 1 . 6 ( 4 . 1 )  3 5 . 0 ( 5 . 0 )  3 . 5 ( 0 . 5 )  
Y e a s t  h y d r .  10 9 1 1 . 7 ( 1 . 1 )  2 . 0 ( 0 . 8 )  1 0 . 8 ( 2 . 1 )  1 . 0 ( 0 . 4 )  
Y e a s t  e x t r .  10 3 1 3 . 3 ( 1 . 3 )  1 . 7 ( 1 . 2 )  13.0 1.0 - 
Coconut  mi lk  2 . 5 ~  9 1 0 . 1 ( 0 . 7 )  0 1 2 . 0 ( 1 : 9 )  1 . 4 ( 0 . 3 )  
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Table 2. Response  of  exc i sed  roots  of the mutant to bas ic  H e l l e r  media  supplemented with inc reas ing  doses  
of case in  hydro lysa te .  Abbrevia t ions  as in Table 1 

Casein  No. 
hydro lysa te  of LA NL FW DW 
(mg/1)  roots  , 

None 6 11 .6 (3 .3 )  4 . 3 ( 3 . 3 )  10 .2(1 .2)  0 . 7 ( 0 . 1 )  
50 6 36 .6 (1 .2 )  11 .0 (1 .2 )  18 .6 (2 .2 )  1 .0 (0 .0 )  

100 5 35 .0 (3 .5 )  9 . 2 ( 2 . 1 )  14 .3 (1 .3 )  0 . 9 ( 0 . 3 )  
200 6 6 2 . 6 ( 2 . 7 )  16 .1 (2 .1 )  26 .6 (0 .4 )  1 .9 (0 .1 )  
400 6 7 6 . 6 ( 6 . 9 )  15 .3 (2 .6 )  29 .2 (0 .8 )  2 . 1 ( 0 . 1 )  

Table 3. Concentrat ion of f r ee  aminoacids  ( ~ m o l e s / m l  
ex t rac t )  in shoots of 2 -day-o ld  mutant and normal  s ibs  

Aminoacid Normal Mutant 

Asp .03 
Thr :24 . 18 
Ser  .25 .12 
Glu .17 .07 
P re  .25 g 

GIy .11 07 
Ala .30 .19 
Val .21 .05 
Cys 
l ie :07 :;i 
Leu .29 .02 
Tyr .06 .02 
Phe .04 ... 
Lys no . . .  
His . 0 4  . . .  

A r g  no  . . .  

Ammonia  .57 .23 

* t r a c e s  

of 50 and 100 mg/1 were  equally ef fec t ive  in p r o m o t -  

ing growth and that the same  was t rue  for  doses  of 200 

and 400 mg/1 which accounted for a fu r the r  i n c r e a s e  

in growth.  The pos i t ive  growth r e sponse  of the mutant 

to the addition of case in  hydro lysa te  sugges ts  that a bas -  

ic step in amino acid synthes is  is blocked in the mutant .  

This assumption is  supported by the observa t ion  that 

p ro l ine  was undetectable  in the f r e e  amino acids  pool 

of the mutant shoot t i s sues  (Table 3) .  Severa l  o ther  

amino ac ids ,  notably val ine  and leuc ine ,  were  much r e -  

duced r e l a t ive  to the wild type.  Exc i sed  roots  of the mu-  

tants were  then grown on H media ,  with and without 

supplements  of groups of L-amino acids (except  t ryp to-  

phan) Combined according to the i r  biosynthet ic  r e l a -  

t ionship.  Their  concentra t ion  in the medium c o r r e s -  

ponded to 400 m g / l  of case in  hydrolysate. The r e su l t s  

(Table 4) indicated that the proline, arginine and glu- 

Table 4. Effect  of groups of amino acids  on growth of exc i sed  roots  of the endosperm mutant (Concentra t ion 
equivalent  to that of 400mg case in  hydro lysa te / l~  abbrevia t ions  as in Table 1) 

Growth medium N ~ roots  LA NL FW DW 

1 st exper iment  

Bas ic  (H) 12 14 .1 (0 .5 )  4 . 2 ( 0 . 7 )  15 .9 (1 .3 )  1 . 2 ( 0 . 2 )  
H+ (1) 6 68 .1 (0 .1 )  16 .8 (3 .5 )  41 .7 (10 .5 )  3 . 4 ( 1 . 1 )  
H* (2) 9 13 .7 (0 .5 )  4 . 1 ( 0 , 6 )  14 .6 (1 .6 )  0 . 8 ( 0 . 1 )  
H+ (3) 11 26 .8 (11 .3 )  3 . 6 ( 0 . 9 )  14 .3 (1 .5 )  0 . 8 ( 0 . 1 )  

2 nd exper iment  

Bas ic  (H) 7 19 .8 (2 .0 )  2 . 7 ( 0 . 5 )  22 .0 (2 .0 )  2 . 4 ( 0 . 2 )  
H+ p ro ,  a rg ,  glu 14 9 7 . 6 ( 6 . 5 )  36 .4 (3 .4 )  5 6 . 7 ( 5 . 8 )  6 . 0 ( 0 . 7 )  
H+ va l ,  leu ,  i le  8 18 .4 (1 .4 )  2 . 2 ( 0 . 9 )  2 2 . 3 ( 1 . 1 )  2 . 5 ( 0 . 1 )  
H+ lys ,  ala 8 15 .3 (1 .2 )  3 .1 (0 .9 )  16 .1 (1 .2 )  1 .9 (0 .2 )  

1) a la ,  va l ,  leu ,  i l e ,  p ro ,  a rg ,  lys ,  glu. 
2) phe,  t y r ,  h i s .  
3) me t ,  t h r ,  cys ,  gly,  s e r .  
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Table 5. Growth of excised embryos of mutants and 
normal sibs on basic and enriched media (LA = length 
of seedlings; n = No. ef embryos) 

Growth Mutant Normal 

medium n LA n LA 

B a s i c  (D) 16 1 3 . 4 ( 2 . 5 )  4 1 4 9 . 0 ( 1 7 . 2 )  
D + ( p r o ,  a r g , g l u ) *  16 6 2 . 6 ( 2 . 5 )  4 9 2 . 2 ( 3 . 0 )  
D + 2 ( p r o ,  a r g , g l u )  14 8 4 . 0 ( 2 . 7 )  4 1 1 0 . 2 ( 6 . 1 )  

* C o n c e n t r a t i o n  ( r a g / l ) :  p ro  40; a r g  15; glu 80.  

F i g . 2 .  E f f ec t  of the  m e d i u m  c o m p o s i t i o n  on mutan t  
g r o w t h .  
S t a r t i n g  f r o m  le f t :  mutan t  e m b r y o s  c u l t u r e d  on M . M . ,  
on M . M .  wi th  p r o ,  a r g ,  glu (40 ,  15 8 0 m g / 1 ) ,  on M . M .  
wi th  double  d o s e  of  the  a m i n o a c i d s ,  and non mutan t  e m -  
b r y o s  on M . M .  Note  t he  p i g m e n t a t i o n  of the  l e a v e s  on 
the  s e c o n d  tube  f r o m  the  lef t  

Table 6. Effect of proline, arginine and glutamic acid, 
at concentrations of 80, 30 and 1~}0 rng/l respectively, 
on embryo growth of mutants and normal sibs (LA = 
length of seedlings~ n = No. of embryos) ..... 

G ro w t h  Mutant  N o r m a l  

m e d i u m  n LA n LA 

B a s i c  (D) 10 21.5(2,1) 4 134.5(10.6) 
D+arg, pro,glu I0 84.5(5.8) 4 143.7(9.0) 
D+arg, pro 10 65.4(6,9) 4 152.7(8.9) 
D +arg, glu 10 12.3(1.5) 4 157.7(17.1) 
D+pro,glu I0 83.9(8.3) 4 121.2(26.4) 
D + a r g  10 1 3 . 5 ( 0 . 6 )  4 1 2 6 . 5 ( 1 1 . 9 )  
D + p r o  10 7 9 . 0 ( 1 0 . 9 )  4 1 4 2 . 7 ( 1 2 . 0 )  
D + g l u  10 1 4 . 5 ( 2 . 2 )  4 1 5 2 . 0 ( 9 . 9 )  

tamic acid group was responsible for the growth promot- 

ing effect. The response of the entire plant to the three 

amino acids was then tested. It is evident (Fig.2, 

Table 5) that the addition of proline, arginine and glu- 

tamic acid to the basic medium allowed the mutant em- 

bryos to bypass the lethal phase and to grow into almost 

normal seedlings. 

Growth on the higher of the two doses of amino acids 

resulted in better development as well as more uniform 

chlorophyll distribution in the leaves. Growth of em- 

bryos on media containing either the three amino acids 

together or two or only one at a time (Table 6) revealed 

that only proline is responsible for remedy of the mu- 

tant. A statistical analysis of the data shows that the 

growth promoting effect of proline is highly significant 

while the differences observed by keeping proline in 

the medium and changing the composition of the other 

amino acids are not. The normal siblings did not dis- 

close any significant response to either proline or to 

the other two amino acids (Table 5). Mutant embryos 

were also cultured on mineral medium (D), supple- 

mented with a mixture of the 20 amino acids except pro- 

line at the concentration reported by Oaks and Beever 

(1964) , without observing any growth stimulation (un- 

published data). It is thus evident that proline is a cri- 

tical nutrient for producing normal development of this 

conditional lethal mutant. 

D o s a g e  of p r o l i n e  

To e s t a b l i s h  w h e t h e r  p r o l i n e  can  e l ic i t  n o r m a l  g rowth  

of the  m u t a n t ,  mu tan t  and n o r m a l  e m b r y o s  w e r e  c u l t u r e d  

on m e d i a  with i n c r e a s i n g  d o s e s  of p r o l i n e .  S ince  p r e -  

v ious  da ta  had shown that  p r o l i n e  migh t  a f fec t  the  p i g -  

m e n t s  a s  wel l  as  g r o w t h ,  the  ch lo rophy l l  and c a r o t e n o i d  

con ten t  w e r e  a l so  c o n s i d e r e d  in t h i s  e x p e r i m e n t .  

The leng th  of n o r m a l  s e e d l i n g s  was  not a f f e c t e d  by 

the  add i t ion  of p r o l i n e ,  whi le  that  of m u t a n t s  s h o w e d  an 

in i t ia l  lag  fo l lowed  by a l i n e a r  i n c r e a s e ,  r e a c h i n g  a m a -  

x i m u m  at a d o s e  of 160 rag/1 of  p r o l i n e  ( F i g . 3 ) .  At 

t h i s  c o n c e n t r a t i o n  the  leng th  of the  m u t a n t s  w a s  about  

t he  s a m e  a s  that  of n o r m a l  s i b l i n g s  g rown  on the  s a m e  

m e d i u m .  No f u r t h e r  i n c r e a s e  was  o b s e r v e d  at h i g h e r  

p r o l i n e  d o s e s  up to 2560mg/1  (da ta  not s h o w n ) .  

The weight  of n o r m a l  s e e d l i n g s  r e m a i n e d  c o n s t a n t  

wi th  i n c r e a s i n g  d o s e s  of p r o l i n e ,  whi le  that  of t h e  m u -  

t a n t s  s h o w e d  a l i n e a r  i n c r e a s e  in g ro w t h  up to the  d o s e  

of 160 rag/1 of p r o l i n e ,  fo l lowed  by a s t a t i o n a r y  p h a s e .  

Both ch lo rophy l l  and c a r o t e n o i d  con ten t  p e r  unit weigh t  
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m g 2 8 0 ~  

200s 7 / 

0 4.0 80 120 160 mg/[ 320 
Protine 

14-0 O7 
mm m_~_[ 

seedling gf.wt. 

100 0.5 

80 ~ 0.4- 

.=: z 
60 ~ "-> 0.3- 

40 0.2- 

20 0.1 

0 0 

F i g .  3.  C h a n g e s  in f r e s h  we igh t  (A m u t a n t ,  • n o r m a l )  
and  l e n g t h  (E m u t a n t ,  [] n o r m a l )  of m u t a n t  a n d  n o r m a l  
s e e d l i n g s  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  of  p r o l i n e  in  
t he  m e d i u m  

I I I I / /  J 
40 80 120 160 mg/t 320 

Protine 

-0.14. 
m_s 
g f.wt. 

0.10 

-0.08 

0.06 

-0.04 

-0.02 

F i g .  4 .  C h a n g e s  of c h l o r o p h y l l s  ( A m u t a n t ,  a n o r m a l  ) 
a n d  c a r o t e n o i d s  (U m u t a n t ,  O n o r m a l )  of m u t a n t  a n d  
n o r m a l  s e e d l i n g s  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  of  p r o -  
l i n e  in  t h e  m e d i u m  

in  t he  m u t a n t  i n c r e a s e d  wi th  a d d i t i o n  of p r o l i n e ,  r e a c h -  

ing  a m a x i m u m  at 160 rag /1  ( F i g . 4 ) .  H i g h e r  d o s e s  h a d  

no a d d i t i o n a l  e f f e c t .  The  i n c r e a s e  of  c h l o r o p h y l l  w a s  

m o r e  s t r i k i n g  t h a n  t ha t  of c a r o t e n o i d s .  In n e i t h e r  c a s e ,  

h o w e v e r ,  w a s  t h e  p i g m e n t  c o n t e n t  of  t he  n o r m a l  s e e d -  

l i n g s  a c h i e v e d .  

P r o l i n e  s u p p l e m e n t s  to  t he  w i ld  t y p e  p l a n t s  w e r e  e s -  

s e n t i a l l y w i t h o u t  c o n s e q u e n c e  w i t h i n t h e s e  r a n g e s .  C h l o -  

r o p h y l l  in  t he  m u t a n t  r e m a i n e d  c o n s t a n t  w h i l e  c a r o -  

t e n o i d s  w e r e  s l i g h t l y  i n h i b i t e d  at  d o s e s  h i g h e r  t h a n  

160 r a g / 1 .  

D i s c u s s i o n  

The d a t a  i n d i c a t e  t ha t  t h e  l e t h a l  m u t a n t  c a n  b e  r e s c u e d  

b y  t he  a d d i t i o n  of p r o l i n e  to  t he  g r o w t h  m e d i u m .  W e  

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

new m u t a n t .  The r e s u l t s  o b t a i n e d  w i th  r o o t  t ip  c u l t u r e s  

s h o w e d  tha t  t h e  on ly  c o m p o n e n t  of  t h e  e n r i c h e d  m e d i u m  

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

s a t e ,  w h i l e  c o c o n u t  m i l k  a p p e a r e d  to b e  i n h i b i t o r y .  

F u r t h e r  e x p e r i m e n t s  s h o w e d  t h a t  t h e  c a s e i n  e f f ec t  

w a s  r e l a t e d  to p r o l i n e .  The  o t h e r  o r g a n i c  c o m p o n e n t s ,  

e v e n  t h o u g h  c o n t a i n i n g  a m i n o  a c i d s ,  f a i l e d  to i n d u c e  

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

m e d i u m  did  not  p r o v i d e  s u f f i c i e n t  p r o l i n e  to a l l ow  m u -  

t an t  g r o w t h .  The i n h i b i t o r y  e f fec t  of c o c o n u t  m i l k ,  on  

t h e  o t h e r  h a n d ,  m i g h t  b e  due  to t he  a u x i n s  i t  c o n t a i n s .  

A d d i t i o n  of i n d o l e  a c e t i c  a c i d  to  t h e  M . M .  at  t he  d o s e  

of 5 m g / 1  w a s  in f ac t  s u f f i c i e n t  to  p r e v e n t  r o o t  t ip  

g r o w t h  ( u n p u b l i s h e d  r e s u l t s ) .  G r o w t h  e x p e r i m e n t s  u s i n g  

m e d i a  w i t h  i n c r e a s i n g  d o s e s  of  p r o l i n e  s h o w e d  t h a t ,  

g i v e n  t h e  p r o p e r  d o s e ,  g r o w t h  of t h e  m u t a n t  w a s  a l m o s t  

c o m p l e t e l y  n o r m a l  at  t h e  s e e d l i n g  s t a g e .  W h e n  g r o w t h  

i s  e x p r e s s e d  a s  i n c r e a s e  in  f r e s h  w e i g h t  t he  m u t a n t  

s e e m s  to g r o w  e v e n  m o r e  t h a n  t h e  n o r m a l  s e g r e g a n t s .  

The i n c r e a s e  of w e i g h t  of t h e  m u t a n t  at  160 rag /1  p r o l i n e  

w a s  148% t h a t  of n o r m a l  s i b l i n g s .  At p r e s e n t  t h i s  f ac t  

r e m a i n s  u n e x p l a i n e d .  An  o b s e r v a t i o n  not  d i s c l o s e d  by  

t h e  d a t a  i s  t he  m o r p h o g e n e t i c  e f f e c t  of p r o l i n e .  W h i l e  

l e a v e s  o c c a s i o n a l l y  f o r m e d  on MM o r  o n  m e d i a  w i th  

40 rag/1  of p r o l i n e  w e r e  q u i t e  a b n o r m a l  in  t h e i r  m o r p h -  

o l o g y ,  t h o s e  f o r m e d  on 8 0 m g  o r  h i g h e r  d o s e s  r e s u m e d  

n o r m a l  d e v e l o p m e n t .  T h i s  n o r m a l i z i n g  e f f ec t  c o u l d  we l l  

b e  r e l a t e d  to t h e  i n c r e a s e d  s y n t h e s i s  of h y d r o x y p r o l i n e  

t h a t  m a y  b e  r e q u i r e d  in t h e  c e l l  wa l l  e x t e n s i o n  p r o c e s s  

( L a m p o r t  1 9 6 9 ) .  On t he  w h o l e ,  t h e  r e s u l t s  s u g g e s t  

t h a t  t h e  m u t a n t  h a s  a m e t a b o l i c  b l o c k  in  t h e  p r o l i n e  

b i o s y n t h e t i c  p a t h .  The  f ac t  t h a t  t h e  e x t e n t  of  g r o w t h  

on  MM p l u s  p r o l i n e ,  a r g i n i n e  a n d  g l u t a m i c  a c i d  ( 4 0 , 1 5  

and  80 r a g / l )  i s  f a r  g r e a t e r  t h a n  t h a t  on  MM p l u s  p r o -  

l i n e  on ly  a t  t h e  s a m e  c o n c e n t r a t i o n  ( 6 2 . 6 v s  2 0 . 5  m m )  

s u g g e s t s  t ha t  t he  m u t a n t  i s  u s i n g  e x o g e n o u s  a r g i n i n e  

to s y n t h e s i z e  p r o l i n e ,  t h u s  b y p a s s i n g  t he  b l o c k  i n  

the  m a j o r  b i o s y n t h e t i c  r o u t e  ( f o r  a r e v i e w  on  t he  

b i o s y n t h e s i s  of  t h e s e  t h r e e  a m i n o  a c i d s  s e e  Oaks  

and  B i d w e l l  1 9 7 0 ) .  
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A n o t h e r  f e a t u r e  of t h e  m u t a n t  w o r t h  c o n s i d e r i n g  in 

t h i s  c o n t e x t  i s  t h e  h igh  v a r i a b i l i t y  b e t w e e n  s e e d s  f r o m  

d i f f e r e n t  e a r s  in  t he  d e g r e e  of g r o w t h  p r e c e d i n g  n e -  

c r o s i s .  It c o u l d  we l l  b e  t ha t  t h i s  v a r i a b i l i t y  i s  r e l a t e d  

to t he  a m o u n t  of p r o l i n e  a c c u m u l a t e d  i n t h e  s e e d  t h r o u g h  

t h e  m a t e r n a l  t i s s u e s .  

S i m i l a r l y ,  t h e  i n c o m p l e t e  e n d o s p e r m  d e v e l o p m e n t  

of t h e  m u t a n t  c o u l d  b e  e x p l a i n e d  by  a s s u m i n g  t ha t  t he  

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

d e v e l o p m e n t .  P e r h a p s  o t h e r  m u t a n t s  wi th  a b n o r m a l  e n -  

d o s p e r m  m o r p h o l o g y ,  known a s  d e f e c t i v e  e n d o s p e r m  o r  

a b o r t e d  s e e d s ,  wi l l  r e v e a l  m e t a b o l i c  d e f i c i e n c i e s .  

W h a t e v e r  t h e  c a u s e  of t h i s  v a r i a b i l i t y  and  of t he  p r o -  

l i n e  r e q u i r e m e n t ,  t h i s  m u t a n t  r e p r e s e n t s ,  to t he  b e s t  

of o u r  k n o w l e d g e ,  t h e  f i r s t  c a s e  of an  a b s o l u t e  g e n e t i c  

r e q u i r e m e n t  of a n a m i n o  a c i d  in e i t h e r  Zea mays o r  o t h e r  

f l o w e r i n g  p l a n t s .  The p r e s u m e d  a u x o t r o p h s  i n d u c e d  in 

h a p l o i d  c a l l u s  c u l t u r e s  of t o b a c c o  ( C a r l s o n  1970) w e r e  

in f ac t  l e a k y ,  w h i l e  a c h l o r o p h y l l  m u t a n t  in  b a r l e y  f i r s t  

r e p o r t e d  a s  a l e u c i n e  a u x o t r o p h  ( W e l l e s  1 9 6 3 ) w a s  l a t e r  

s h o w n  to h a v e  t h e  a b i l i t y  to s y n t h e s i z e  l e u c i n e  (Land  

and  N o r t o n  1 9 7 0 ) .  The d i f f i c u l t i e s  e n c o u n t e r e d  in i n d u c -  

ing and  d e t e c t i n g  n u t r i t i o n a l  m u t a n t s  in  h i g h e r  p l a n t s  

( f o r  an  e x t e n s i v e  a n a l y s i s ,  s e e  Li et  e l . ,  1967;  N e l s o n  

1973,  M e l c h e r s  1974) c o u l d  b e  e x p l a i n e d  by  d i f f e r e n t  

h y p o t h e s e s  : 

1. R e d u n d a n c y  of t h e  g e n e t i c  i n f o r m a t i o n  n e c e s s a r y  

f o r  t h e  m e t a b o l i c  f u n c t i o n s  e s s e n t i a l  to t he  c e l l  ( C a r l -  

s o n  1970;  R~de i  1 9 7 4 ) .  

2 .  A c t i v a t i o n  of  s e c o n d a r y  b i o s y n t h e t i c  r o u t e s  l e a d -  

ing  to t he  s a m e  end  p r o d u c t  (Kao  and  P u c k ,  1 9 6 7 ) .  

3 .  S e l e c t i o n  a g a i n s t  m u t a n t  c e l l s .  A m u t a n t  c e l l  

a r i s i n g  in a m u l t i c e l l u l a r  o r g a n i s m  cou ld  b e  s e l e c t e d  

a g a i n s t  a s  a r e s u l t  of f a i l u r e  of i n t e r c e l l  f e e d i n g ,  i f  

t h e  g e n e  p r o d u c t  i s  not  d i f f u s i b l e  f r o m  c e l l  to c e l l  

( L a n g r i d g e ,  1958;  N e u f f e r  1974) o r ,  a l t e r n a t i v e l y  a s  

a r e s u l t  of  a d e c r e a s e  in r e p l i c a t i o n  t i m e  of  t he  m u -  

t a n t  sector. 

4. Incapacity of the mutant cell or plant to take up 

exogenous compounds or to transport them from the 

roots to the above ground portion of the plants. Expe- 

rimental evidence in favour of this mechanism has been 

recently obtained in Chlamydomonas (Loppes 1969). In 

this organism the active transporting system of arginine 

is impaired by ammonium ions. Accordingly the omis- 

sion of ammonium chloride in the medium allows the 

survival of arginine-requiring mutants that would be 

undetectable in the usual medium. This is not intended 

to be an exhaustive list of all the factors that might ac- 

coun t  f o r  t he  d i f f i cu l ty  e n c o u n t e r e d  in i nduc ing  and  d e -  

t e c t i n g  a u x o t r o p h s  in h i g h e r  p l a n t s ,  but  s i m p l y  a s  a 

g u i d e l i n e  f o r  f u r t h e r  e x p e r i m e n t s .  T h e s e  p o s s i b i l i t i e s  

a r e  a m e n a b l e  to e x p e r i m e n t a l  t e s t s .  The i n i t i a l  s u c c e s s  

in  i d e n t i f y i n g  the  pro m u t a n t  i s  e n c o u r a g i n g  us  to c o n -  

t i n u e  t h e s e  i n v e s t i g a t i o n s .  
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