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The Effect of Azet idine-2-Carboxyl ic  Acid on the Synthes is  of Proline in Escherichia coU 

Azet id ine-2-carboxyl ic  acid (A2C) is found  in p l an t s  ~ 
and  has  a s t ruc tu re  s imilar  to  t h a t  of  protine,  excep t  t h a t  
i t  lacks  1 m e t h y l e n e  group  ~.2. I t  seemed reasonab le  t h a t  
th is  analogue  would  show some of t he  s a m e  biological  
p roper t i e s  as prol ine,  inc luding  the  ab i l i ty  to  exe r t  end-  
p r o d u c t  cont ro l  over  t h e  syn thes i s  of t he  na tu ra l  a m i n o  
acid. The  effect  of  A2C on the  convers ion  of g lu tamic  acid 
to  pyr ro l ine-5-carboxyl ic  acid (PC) was  measured ,  because  
cont ro l  of t h e  syn thes i s  of prol ine occurs  a t  th i s  s t ep  3,~. 

Ceils de r ived  f rom the  wild t y p e  (55-1) and  a pro l ine  
excre t ing  s t r a in  (WP1-30),  lacking PC reduc ta se  (c-pro- 
line: N A D P  5-oxidoreductase ,  EC 1.5.1.2) were  used.  I t  
was  found  t h a t  PC fo rma t ion  in 55-1 was  sens i t ive  to  A2C 
inhibi t ion,  a l t hough  the  a m o u n t  of inh ib i t ion  was less t h a n  
t h a t  by  proline.  U n d e r  the  condi t ions  used in these  exper i -  
rnents  a, 8 × 10 -4M A2C inh ib i ted  t h e  p r o d u c t i o n  of PC 
by  80%. TRISTRAM and  THURSTON repo r t ed  4 20-28% in- 
h ib i t ion  of PC produc t ion ,  using d i f fe ren t  condi t ions ,  Cells 
of a s t ra in  whose  p roduc t i on  of PC was  insens i t ive  to  
inh ib i t ion  by  prol ine  were  equal ly  insens i t ive  to  t he  effects  
of A2C (Figure 1). 

I n  order  to  e x a m i n e  q u a n t i t a t i v e l y  t h e  effect  of A2C on 
the  con t ro l  sys tem,  t he  concen t r a t i on  of g lu tamic  acid was  

varied,  and  t h e  ra te  of PC p roduc t i on  measured .  As is 
shown  in F igure  2, A2C is a n o n - c o m p e t e t i v e  inh ib i to r  of  
t h e  react ion ,  as is also proline.  I t  m a y  be  ca lcula ted  t h a t  
t he  K m  5 for  g lu tamic  acid in  t he  presence  of 1 × 10 -4M 
A2C is 9.6 × 10-~M, and  4.6 x 10-SM in the  absence  of 
t he  analogue.  I n  the  presence  of  1.7 X 10-7M proline,  t he  
obse rved  K m  is 5.6 × 10 -6 M.  Inh ib i t i on  c o n s t a n t s  were  
ca lcu la ted  to  be 5.2 × 10-TM for prol ine  a n d  4 × 10 -~M 
for A2C. The  in te rna l  concen t r a t ions  of  pro l ine  a n d  A2C 
were  e s t i m a t e d  f r o m  t h e  u p t a k e  of r ad ioac t ive  subs t r a t e s  
to  be 5 x 10-4M and  6 x 10-5M, respect ive ly .  

A2C acts  as a false e n d - p r o d u c t  inh ib i to r  of the  syn thes i s  
of prol ine.  The  loss of a m e t h y l e n e  group in th is  analogue  
a p p a r e n t l y  changes  the  inh ib i t ion  c o n s t a n t  for t he  sensi- 
t ive  reac t ion  by  a fac tor  of 100, and  l imits  u p t a k e  in to  t he  
cell b y  a fac tor  of 10. 

The  r a t e  g r o w t h  of Escherichia coli W is s lowed in t h e  
p resence  of low concen t r a t i ons  of A2C; in the  absence  of 
exogenous  proline,  10 -4M A2C inhib i t s  t he  g r o w t h  ra te  by  
70% (Table).  No effect  of A2C on  g rowth  could be seen in 
s t r a in  WP1 ,  a prol ine  exc re t ing  s t ra in .  G r o w t h  inh ib i t ion  
by  A2C can be exp la ined  as an  e n v i r o n m e n t a l l y  i nduced  
inab i l i ty  to  syn thes i ze  prol ine,  wh ich  is ove rcome  in s t ra ins  
insens i t ive  to  cont ro l  of  t he  s y n t h e t i c  p a t h w a y  6. 
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Fig. 1. The effect of A2C on the production of GSA in cells of E, coli 
which are sensitive (o) and resistant to (e) control by proline. 
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Fig. 2. A LINEWE.~VER-BURK analysis of the effect of varying 
glutamic acid concentration on the rate of GSA production. The open 
circles (o) indicate the system in the absence of inhibitor, the closed 
circles (o) show the effect of 1 × 10-4M A2C. 

Effect of azetidine-2-carbonylate on the growth of strain W 

Proline (M/l) A2C (MI1) Generation Inhibition 
time (min) (%) 

0 0 72 0 
0 1.0 × 10 -4 246 70.4 
8.7 × 10 -5 0 72 0 
8.7 × 10 -~ 1.0 × 10 .4 73 0 

Zusammen/assung. Die Beeinf lussung der  P ro l i n syn these  
in Escherichia coli d u r c h  Azet id in-2-carbons i iure  wird  
un te r such t .  
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