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End-product regulation of the general aromatic pathway in Escherichia coli W 

3-Deoxy-D-arabino-heptulosonic acid 7-phosphate synthetase is the first enzyme of 
a pa thway leading in Escherichia call to the aromatic amino acids. In such pathways 
early intermediates are shared and regulatory mechanisms must overcome the 
difficulty that  excess of one end product should not inhibit the synthesis of others. 
The discovery in E. call of two threonine deaminases 1 and of multiple aspartate 
kinases (E.C. 2.7.2.4) 2, each regulated by a specific end product, suggested a means 
of selective feedback control based on end-product inhibition and repression. Other 
experiments suggested a similar mechanism for control of the aromatic pathway 3. 
SMITH et al. 4 have reported the existence of two DAHP synthetases in cells of E. 
call starved of end products. One enzyme was allosterically inhibited by L-tyrosine 
and the other by L-phenylalanine. They found that  these two amino acids together 
in low concentration in vitro inhibited DAHP synthetase by at least 950/0 . Our in- 
dependent and simultaneous investigations, using different techniques, led to similar 
conclusions, but with reservations about the general applicability of the results. 
These reservations arose from a theoretical consideration of general aromatic bio- 
synthesis. 

I f  DAHP synthetase consists solely of the above isoenzymes the potential is 
that  aromatic synthesis could be completely, or almost completely, halted by an 

T A B L E  I 

R E P R E S S I B I L I T Y  A N D  E N D - P R O D U C T  I N H I B I T I O N  O F  D A H P  S Y N T H E T A S E  A C T I V I T Y  

IN E. coli \V AND MUTANT EXTRACTS 

Cells were g rown on mi n i ma l  m e d i u m  7 s u p p l e m e n t e d  as shown.  S t ra in  19-2 is a t r y p t o p h a n  
auxo t roph ,  83-3A an  a romat i c  a u x o t r o p h  requi r ing  all  a romat i c  end  produc ts ,  or shikimic  acid. 
L imi t ing  L - t r y p t o p h a n  was 18/zM, l imi t ing  sh ik imic  acid was 3 ° /~g]ml.  E x t r a c t s  were prepared  
by  sonica t ion  and  dialysis.  D A H P  s y n t h e t a s e  (see text)  was m e a s u r e d  essent ia l ly  by  the  m e t h o d  
of  SRINIVASAN AND SPRINSON 8, Per  cen t  con t r ibu t ion  to D A H P  s y n t h e t a s e  ac t iv i ty  by  the  
L-phenyla lan ine-sens i t ive  i soenzyme  is g iven by  the  % inhib i t ion  Phe.  Per  cen t  con t r ibu t ion  of  
L- tyros ine-sens i t ive  i soenzyme  is ( inhibi t ion Phe  + Tyr)  minus inh ib i t ion  Phe.  Per  cen t  res idual  

ac t iv i ty  is ioo minus ( inhibi t ion Phe  + Tyr) .  T ry  is no t  an  inhibi tor .  

Phase of Relative % inhibition % 
growth D A H P  residual 

Slrain Supplement at synthetase Phe Pl~e + Tyr activity 
harvest activity 

W nit Log 6.o 78 94 6 
VV T yr  (I raM) Log 5.o 96 96 4 
W Phe  (I raM) Log 1.6 4 ° 88 12 
W T r y  (I mM) Log 1.7 74 97 3 
W Phe  + T y r  Log 2.0 76 81 19 
~V Phe  + T y r  + T ry  Log I,O 90 97 3 
19-2 T ry  (limiting) S t a t i ona ry  1.8 44 82 18 

83-3A Phe  + T y r  + T ry  S t a t i ona ry  1.6 72 72 28 
(limiting) + P O B  (i I,M) 

+ P A B  (i tiM) 
83-3A Shikimic  acid S t a t i ona ry  17.o 21 98 2 

(limiting) 

Abbrev ia t ions :  D A H P ,  3-deoxy-D-arabino-heptulosonic acid 7 -phospha te ;  PAB,  p - amino -  
benzoic acid;  POB,  p - h y d r o x y b e n z o i c  acid. 
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excess of phenylalanine plus tyrosine. I t  therefore became important  that  any 
scheme for aromatic regulation should account for continued t ryptophan biosyn- 
thesis (lO-2O% of the total  aromatic amino acid requirement) in the presence of 
phenylalanine plus tyrosine. Although PAB acid and p-hydroxybenzoic acid and 
at least one other factor are synthesized by  the same path, these represent less than 
1 °/o of the total aromatic requirement and at present will not concern us. 

In these studies we have regarded as-"normal"  the metabolism of wild-type 
cells growing exponentially under aerobic conditions in minimal medium, but have 
also considered it important  to establish the effect of supplements to this medium 
on the enzymic constitution of the cell. 

The influence of the environment on relative DAHP synthetase activity and 
the ratio of the component isoenzymes is given in Table I. While the derepression 
that  followed end-product starvation greatly favoured the tyrosine-sensitive D A H P  
synthetase, this isoenzyme was a minor component of normal cells and the phenyl- 
alanine-sensitive isoenzyme predominated. 

Extracts  with low DAHP synthetase activity were frequently found to be in- 
completely inhibited by a mixture of L-phenylalanine and L-tyrosine. When L-phenyl- 
alanine plus L-tyrosine were added to the medium, but  L-tryptophan was omitted, 
there was an enhancement of this residual activity. The effect was also enhanced 
when appropriate mutants  were starved of L-tryptophan (Table I). In contrast to 
this, the presence of L-tryptophan in the medium repressed the non-inhibitable 
activity. 

L-Tryptophan was not an inhibitor and the residual activity was not inhibited 
when L-tryptophan was added with L-phenylalanine and L-tyrosine. Chorismic acid 5, 
the last of the shared aromatic intermediates, was not an inhibitor, either singly, 
or with L-phenylalanine and L-tyrosine. 

These results demonstrate the existence of a third DAHP synthetase, re- 
pressible by  L-tryptophan, but  not inhibited by any of the end products, by  chorismic 
acid, or by  any combination of these. The nature of this isoenzyme is being in- 
vestigated. Partial  purification has been achieved by ammonium sulphate frac- 
tionation. 

The absence of coordinate repression in this pa thway was also demonstrated. 
While the ratio of fully derepressed to fully repressed DAHP synthetase activity 
was at least 17:1 (Table I), the same extracts showed less than a 2-fold variation 
in the level of dehydroquinase (dehydroshikimate hydratase), a later enzyme of 
the shared aromatic sequence. 

Under conditions where DAHP synthetase is potentially 95-1oo% inhibited 
by  phenylalanine plus tyrosine it is still necessary for the cell to synthesize t rypto-  
phan. I t  is not yet clear whether the activity of the non-inhibitable enzyme is suffi- 
cient to account for this synthesis in the presence of excess phenylalanine and 
tyrosine. I f  it is insufficient, our results would mean that  the full potential of end- 
product inhibition is not realised, or (and), that  t ryptophan is preferentially syn- 
thesized before phenylalanine and tyrosine. The latter possibility is also suggested 
by the work of DAVIS 6. I f  DAHP synthetase is completely inhibited, preferential 
synthesis cannot explain t ryptophan synthesis when phenylalanine and tyrosine 
are provided from the exogenous environment. 
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T A B L E  I [  

END-PRODUCT INHIBITION OF ACCUMULATION OF INTERMEDIATES 
BY AUXOTROPHS OF E. coli W 

Cells were  h a r v e s t e d  in s ta t ionary  phase,  w a s h e d  t w i c e  (o.9% NaC1) and suspended  in m i n i m a l  
med ium.  7 Concns.  o f  s u p p l e m e n t s  as  in Table  I e x c e p t  Qi w h i c h  was  t - p h e n y l a l a n i n e  ( io /zg /ml ) ,  
L-tyrosine (IO/zg/ml),  L - t ryp topha n  (5 /~g/ml), P A B  (o . i /zg /ml) ,  POB (o.1/ tg/ml) ,  g r o w t h  be ing  
l imi ted  by  all 3 a m i n o  acids. Strain  83-24 is an a r o m a t i c  auxotroph ,  o ther  strains  see Table  1. 
E n d - p r o d u c t s  (1 mM) were  added w h e n  l inear  a c c u m u l a t i o n s  were  well  establ ished,  a l iquots  of  
cells were  t a k e n  at  this  t i m e  for preparat ion  of  e x t r a c t s  and  m e a s u r e m e n t  of D A H P  s y n t h e t a s e  

a c t i v i t y  and  inhibi t ion .  

Strain 

83-3A Shik imic  acid I )AHP*  
(Limit ing)  

83-24 Qi Shi ldmic  acid 
19-2 L - t r y p t o p h a n  An th ran i l i c  acid 

(Limit ing)  

* W i t h  the  d e p h o s p h o r y l a t e d  form. 

% inhibition of accumulation by % inhibition 
-. of DA HP Intermediate Supplement accumulated Tyr t'he Try Phe 4 Tyr svnthelase 

Phe 4 Tyr 

56 O 64 98 

67 O O 78 -- 
58 48 1OO 73 92 

Experiments with whole cells showed that normal growth was not slowed by 
the addition of  phenylalanine plus tyrosine in the medium during log phase. Other 
whole cell results, but with auxotrophs, showed that the accumulations of DAHP,  
shikimic acid and anthranilic acid were only partly inhibited by the addition of 
these two end products. Extracts of these cells demonstrated a higher potential for 
inhibition than was realised when the end products were provided exogenously 
(Table II). This implies the presence of an accessibility barrier to the sites of in- 
hibition which must be considered as part of  the control mechanism. 
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