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Concerted feedback inhibition of aspartokinase from Bacillus stearothermo- 
philus 

One of the common properties of many  endproduct-inhibited enzymes of meso- 
philic bacteria is that  they can be desensitized to endproduct regulation by heat 
t reatment  at 5 °o or above in vitro 1-4. At elevated temperatures the conformations of 
these allosteric enzymes are presumably altered such that  the enzymes are no longer 
sensitive to endproduct regulation. Since thermophilic bacteria grow readily at these 
elevated temperatures, it was of interest to investigate the nature of allosteric regu- 
lation in these organisms. This report is concerned with the regulatory properties of 
aspartokinase (EC 2.7.2.4) from the thermophilic bacterium Bacillus stearothermo- 
philus. This enzyme catalyzes the first reaction in the aspartate pathway leading to 
lysine, threonine, methionine and isoleucineS: 

A T P  + a spa r t a t e  ~ aspar ty l  p h o s p h a t e  + A D P  

B. stearothermophilus strain I5O3-4R (obtained through the courtesy of N. 
WELIfER) was grown in a t ryptone-yeas t  extract medium at 55 ° as previously de- 
scribed ". Crude extracts were prepared following sonic oscillation of the cells (i.o g 
of cells suspended in 4.o ml o.o2 M Tris buffer (pH 7.4)-5 mM mercaptoethanol) for 
I min at 8 mA utilizing a Branson Sonifier. The enzyme was partially purified 
following t reatment  with streptomycin sulfate and ammonium sulfate fractionation. 
The ammonium sulfate fraction precipitating between 45 and 6o% of saturation 
served as the source of aspartokinase in all of the following experiments. The enzyme 
was assayed according to the hydroxamate assay of STADTMAN et alY. 

Aspartokinase from the thermophile was shown to be sensitive to feedback 
inhibition by two of its endproducts lysine and threonine, over a wide temperature 
range including its temperature opt imum of 55 ° (Figs. I and 2). Several other po- 
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Fig. r. Feedback  inhibi t ion  of  a spa r tok inase  ac t iv i ty  by  th reon ine  a t  37 ° and  55 °. 0 - - - 0 ,  in- 
h ibi t ion by  th reon ine  a t  37°; 0 - - ( 2 ) ,  inhibi t ion  by  th reon ine  a t  55 °. The  s t a n d a r d  a s say  m i x t u r e  
cons is ted  of  the  following c o m p o n e n t s :  87 mM  Tris  (pH 8.o), 1. 5 mM MgCI~, o.7o M N H z O H  
(pH 8.o), 0.7o M KCI, 17. 4 m M  aspa r t a t e ,  8. 7 m M  ATP,  enzyme,  and  wate r  in a to ta l  vo lume  ot  
1.15 ml. 

Fig. 2. Feedback  inhib i t ion  by  lysine and  concer ted  feedback  inhib i t ion  by  bo th  lysine and  
th reon ine  a t  37 ° and  55 °. O---O,  inhibi t ion  by  lysine alone a t  37°; 0 - - - - - - O ,  inh ib i t ion  by  
lysine a n d  th r eon ine  (o. 4 raM) a t  37°; 0 - - 0 ,  inhib i t ion  by  lysine alone a t  55°; 0 - - - - - - O ,  
inhib i t ion  by  lysine and  th reon ine  (o. 4 mM) a t  55 °. 
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tential feedback inhibitors, methionine, isoleucine, and homoserine, had little effect 
at either 37 ° or 55 °. A comparison of Figs. I and 2 indicates tha t  the enzyme is nmch 
more sensitive to lysine inhibition than  to threonine inhibition at either 37 ) or 5 5 .  
The enzyme appears to be less sensitive to threonine inhibition when assayed at 55" 
than at 37 °, while the sensitivity to lysine inhibition is only slightly decreased at the 
higher temperature.  Heat ing the enzyme alone at 55 ° for IO rain had no effect on 
either act ivi ty  or feedback sensitivity when measured at 37 °. Furtherlnore,  like the 
aspartokinases from two other species of BacillusS, ", the thermot)hile enzyme is 
inhibited by  both  lysine and threonine together  in a concerted manner  (Fig. 2). I t  
was observed tha t  the inhibitions produced by  combinat ions of lysine and threonine 
were much greater than the sum of the inhibitions produced by  each amino acid alone. 
The ahnost  complete abolition of aspartokinase act ivi ty  by the concerted action of 
lysine and threonine indicates tha t  the act ivi ty  is due to only one enz\me.  The 
concerted effect of both amino acids at low lysine concentrat ions ( <  o.IO raM) ap- 
peared to be greater at 37 ° than at 5 5 .  Thus, the sensitivity of the thermophile 
aspartokinase to lysine, threonine, and the concerted action of both amino acids 
appears to be diminished in varying degrees when assayed at elevated temperatures.  

Lysine appeared to act as a mixed competi t ive noncompeti t ive inhibitor of 
aspartokinase act ivi ty  at both 37" and 55 ° (Fig. 3) affecting both the Vmax of the 
reaction and the Km fl)r aspartate.  The addit ion of threonine did not change the 
type  of inhibition al though the Km for aspartate  was fur ther  increased. Lysine acted 
as a noncompeti t ive inhibitor with respect to the other substrate,  ATP. Threonine 
ahme also appeared to act as a mixed competi t ive noncompet i t ive  inhibitor with 
respect to aspartate  and was noncompet i t ive  with respect to ATP.  

The observation that  the sensitivity to threonine inhibition decreases while 
enzymat ic  act ivi ty  increases as the assay temperature  is raised, together  with the 
absence of a strict competi t ive relationship with either substrate,  suggests tha t  
threonine does not bind at a substrate site. Furthermore,  since lysine also does not 

30 

2C 

b 

0 

j o  
o.O ~e 

i t 

0~2 O. 3 (3,1 
),[5] (e. td 1} 

lqg. 3. Effect of lysine on tile Km for aspartate at 55'. O---O, activity in the absence of lysine; 
.) @, activity in the presence of 0.35 mM lysine. 

act as a strict competi t ive inhibitor with respect to either substrate and is effective 
at relatively low concentrat ions compared to the substrates,  it appears tha t  lysine 
does not bind at a substrate  site either. Finally, the concerted relationship between 
the two inhibitors indicates tha t  bo th  do not bind to the same site. These results 
suggest tha t  the aspartokinase of B.  s tearo thermophi lus  possesses two separate regu- 
la tory sites distinct from the substrate sites, as has been postulated for the asparto- 
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kinase of Bacillus polymyxa 9. More rigorous proof of this hypothesis will be sought 
utilizing binding studies on highly purified enzyme preparations. The present obser- 
vations also indicate that  the regulatory enzymes of thermophilic bacteria are able 
to maintain feedback sensitivity even at temperatures as high as 55 ° . It  will also be 
of interest to determine the chemical and physical bases for such maintenance at 
elevated temperatures. 
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