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E x p e r i m e n t s  with Pseudomonas  boreopol is  526 showed that  L -aspa rag ine  and L-glu tamine  
a r e  the mos t  probable  inducers  of synthes is  of L -a spa rag ina se  and L--glutaminase, r e s p e c t -  
ively, while the i r  metabol ic  products  a r e  r e p r e s s o r s  of the synthes is  of the deaminases .  The 
p r e s e n c e  of a spa rag ine  synthetase  in the invest igated s t r a in  and the inducing act ion of L - a s -  
pa r t a t e  on the fo rmat ion  of this enzyme also were  demons t ra ted .  

Invest igat ions  by Soviet b iochemis t s  have shown [2, 4] that a sparag ine  and glutamine play a wider  role 
than was hi therto recognized [8] in the metabol ic  reac t ions  of living o rgan i sms .  In recent  y e a r s  enzymes  
catalyzing the deaminat ion of these amides  have come to be used as  therapeut ic  subs tances  against  t umors  
in an imals  and man  [1, 9, 10] for  both glutamine and asparag ine  have been shown to be essen t ia l  f a c to r s  for  
growth of ce r t a in  types of t umors  in t i ssue cul ture [7]. Pos i t ive  r e su l t s  have been obtained in the t r ea tmen t  
of l eukemias  by a spa rag inase  and glutaminase ,  although not in all  cases ,  and this has necess i t a ted  a method 
of obtaining sufficient quanti t ies of these enzymes  for  cl inical  use.  In the a t tempt  to solve this p rob lem it 
is important  to know the conditions of cult ivation of the p roduce r  m i c r o o r g a n i s m s  which a re  opt imal  for  the 
product ion of the enzymes  as  well  as  the m e c h a n i s m  for  the regulat ion of the i r  b iosynthes is  [3, 5, 6]. 

The object  of this invest igat ion was to study the effect  of asparagine ,  glutamine,  and the c o r r e s p o n d -  
ing dicarboxyl ic  amino acids  onthe synthesis  of a spa rag inase  and g lu taminase  in Pseudomonas  boreopol i s  
526. 

E X P E R I M E N T A L  M E T H O D  

Stra in  Ps .  boreopol i s  526 grown on synthetic med ium with the addition of 0.05% yeas t  ex t rac t  was  used. 
The cel ls  were  col lected by centr ifugation,  t r a n s f e r e d  to f r e sh  medium,  and grown for  a fu r the r  3 h, a f t e r  
which the tes t  substance  was  added in a concentra t ion of 2 • 10-3M. Aspa r t a t e  and g lu tamate  were  added 
a f t e r  neutral izat ion.  The cell  suspension in the medium with the added subs tances  was kept on a shaker  
(120 rpm) at 26~ Samples  were  withdrawn 3, 6, 9, 12, 20, 30, and 60 rain a f te r  the additions were  made 
in o rde r  to de te rmine  the act ivi ty  of L -a s pa rag ina se  and L-glu taminase ,  the source  of which was the p ro -  
tein ex t rac t  obtained a f t e r  des t ruc t ion  of the washed cel ls .  

In the continuous cult ivation expe r imen t s  ce l l s  grown in synthetic med ium in a f lask fo r  18 h were  
t r a n s f e r e d  with s te r i l e  p recau t ions  into a cul t ivator  (volume 160 ml, ra te  of flow 18-20 m l / h ,  ae ra t ion  0.5 
l i t e r / r a in ) .  Af te r  cult ivation of the ce l l s  for  24 h on bas ic  med ium the med ium with the tes t  substance  was  
collected.  Each  subsequent  subs tance  was added a f t e r  the passage  of 5-6 vo lumes  of bas ic  medium through 
the cul t ivator .  The ce l l s  were  col lec ted  eve ry  2 h and the deaminase  act ivi ty  de termined.  

To de te rmine  asparag ine  synthetase  samples  (1 ml) containing 20 #mole  NHtC1 , 5 ~mole MgC12, 3 
~mole  ATP, 4/~mole glutathione, 30 pmole  t r i s -HC1 buffer  (pH 7.6), 0.2-0.3 mg protein,  and 4 p C i  D L - a s -  
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Fig. 1 Fig. 2 

Fig. i. Effect of L-aspartate, glutamate, asparagine, and glutamine (2 • 10-3M of 
each) on asparaginase synthesis by l~s. boreopolis 526. Abscissa, time (in rain); or- 
dinate, activity (in i.u.): i) control; 27 glutamate; 37 aspartate; 4) asparagine; 5) glu- 
famine. 

Fig. 2. Effect of aspartate, glutamate, asparagine, and glutamine on synthesis of L- 
asparaginase (17 and L-glutaminase (27 by Ps. boreopolis 526 during continuous cul- 
tivation. Abscissa, time of cultivation (in h); ordinate, activity (in i.u.). Arrow- time 
of change of medium. 
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Fig. 3. Effect of aspartate 
(2 • 10-3M) on formation of L- 
asparagine synthetase by P_ss. 
boreopolis 526. Abscissa, time 
(in rain); ordinate, activity (pul- 
ses [mini mg protein): 17 con- 
trol, 2) aspartate. 

partate  were incubated for  30 rain at 37~ The react ion was stopped 
by the addition of 0.5 ml 1 N HC104; the pH of the medium was adjusted 
to 5.7 by the addition of 7 N KOH and the residue was removed by cen-  
trifugation. An aliquot of the samples  was applied to a column with 
alumina (0.7 • cm), and the C 14 asparagine formed was eluted f rom 
the column by 10 ml H20. The quantity of labeled asparagine in the 
eluate was measured  on a scintil lation counter.  Asparagine synthetase 
activi ty was expressed  in pulses [min] mg protein. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

It will be clear from Fig. i that the addition of asparagine led 
within 3 rain to an increase of 25-30~0 in L-asparaginase activity in Ps__ 
boreopolis. However, this increase was of short duration, and 12-20 
rain after addition of the substrate the asparaginase activity was nor- 
real again. During continued cultivation of the cells with asparagine 

(up to 60 min) a decrease in activity of the enzyme was observed, whereas in the control cells this activity 
increased gradually. In the presence of aspartie acid the asparaginase activity during the first minutes was 
the same as in the control, but it increased after 3-6 rain and reached a maximum after 9-12 rain, after 
which it fell. 

Glutaminase activity of the cells was not significantly different from the control in the presence of 
asparagine and aspartate for the first 20 rain, but like the asparaginase activity it progressively decreased 
during further incubation in the presence of glutamine and glutamate. During incubation of the cells with 
glutamine and glutamate, on the other hand, the glutaminase activity increased while the asparaginase ac- 
tivity showed no significant change during the first 20 rain. Further growth of the cells (up to 60 rain) on 
media with these additions led to an appreciable decrease in both activities (Fig. i). 

Repression of deaminase synthesis by dicarboxylic amino acids and their amides was most demonstra- 
tive when these substances were added during continuous cultivation (Fig. 2). Under those conditions de- 
aminase synthesis on the basic medium (with a limiting concentration of glycerol) was three to four times 
more intensive than on medium with additives. 

The results of a study of the formation of asparagine synthetase during incubation of the cells with L- 
aspartate are illustrated in Fig. 3. The asparagine synthetase activity of the cells was increased 3 rain after 
addition of the substrate; however, further incubation of the cells led to sharp inhibition of this activity and, 
in general, the course of the curve of asparagine synthetase activity repeated the course of the curve of as- 
paraginase activity during incubation of the cells with aspartate. 
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Regulation of enzyme synthesis in Ps. boreopolis 526 is evidently under the control of a double mech- 
anism. On the one hand synthesis of the enzyme is induced by the reaction substrate (Fig. i), while on 
the other hand it is repressed by its metabolite (metabolites). 

This conclusion may be indirectly confirmed by the course of the curve of asparaginase activity in the 
presence of aspartate (Fig. 2); the short increase in activity of the enzyme in this case can be explained by 
the synthesis of asparagine in the cell. This conclusion assumes the presence of asparagine synthetase, 
synthesizing asparagine from aspartate in sufficient quantities to induce aspar.aginase. Special experiments 
showed that cells of los. boreopolis 526 possess asparagine synthetase (Fig. 3); addition of aspartate to the 
growth medium induces the synthesis of this enzyme. These results demonstrate that the short increase 
in asparaginase activity of the ceils on the addition of aspartate is connected with the preliminary synthesis 
of asparagine. A similar conclusion is evidently valid also for L-glutaminase during growth of the cells in 
medium with glutamate. 
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