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Recently, intensive investigations of the s t ructure  of the active center  of L-asparag inase  have been 
per fo rmed .  The role of the serine,  histidine, and tyros ine  residues and o f - S H  and o f - S - S - g r o u p s  in the 
catalytic activity of this enzyme has been studied [1, 2]. We previously put forward a hypothesis on the 
importance of the tryptophan residue in L-asparag inase  [2]. In the present  paper  we give the results  of a 
study of the role of the tryptophan res idues  by the chemical  modification of the enzyme with N-bromosuc-  
cinimide (N-BS). The action of this reagent on L-asparag inase  both in acid (pH 4.0) and in alkaline (pH 
8.6) media leads to a considerable fall in the catalytic activity of the enzyme (Fig. 1). In an acid medium, 
N-BS in a concentra t ion of 5 • 10 -7 M inhibits the asparaginase  activity by 70%, and in a concentrat ion of 
10 -6 M by 100%. In an alkaline medium, comPlete inactivation of the enzyme is observed only at a con- 
centrat ion o f l 0  -4 M, Inv tewof th t s ,  the fur ther  investigation of the influence of N-BS on L-asparag inase  
was pe r fo rmed  in an acid medium. 

The dependence of the L-asparag inase  activity on the action of N-BS in various mola r  rat ios to the 
tryptophan residues of the enzyme molecule is shown in Table 1. It has been established that 5.25 moles 
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Fig. 1. Dependence of the enzymat ic  ac-  
tivity of L-aspa rag inase  on the mola r  con-  
centrat ion of N-bromosuccinimide.  

TABLE 1. Action of N-BS on L - A s p a r a -  
ginase at Various Molar Ratios to the 
Tryptophan Residues 

MN-BS : 
Mtryptophan 

5,25 : 1 
5,00,1 
3.00:1 
1,00, I 

Inhibition, % 
enzyme + ]enzyme ,; 

Isubstrate 
N-KS [+ N-BS . 

100 1~ 
96 
60 ~ 
40 . 

+N-BS 

of N-BS pe r  mole 6f tryptophan is sufficient for  the com-  
plete inactivation of the L-asparag inase .  

In o rde r  to avoid the oxidation of the t ryosine [3, 4], 
for  the cleavage of a peptide bond [51 6] by an excess  of 
N-BS this reagent was used to modify L-asparag inase  in 
mola r  ratios with respect  to the tryptophan not exceed- 
ing 5.25 : 1. 

The homogeneity of the enzyme that we had modified 
was confirmed by gel f i l trat ion through Sephadex G-150. 

The  UV spect ra  of the native and modified L - a s p a r a -  
ginases showed that the absorption maximum at 280 mp 
charac te r i s t i c  for  the protein and due to the tryptophan 
and tyrosine residues became weaker  when N-BS was 
added to the enzyme,  and a new absorption zone appeared 
at 250-260 mp (Fig. 2) which, according to the l i terature  
[7, 8], is charac te r i s t i c  for  oxidized indole rings of t ryp-  
tophan. 

Using the method of Patchornic  and Witkon [7], f rom 
the maximum reduction in ),max at 280 mp we calculated 
that under the conditions of our  experiments  N-BS oxidizes 
one (1.01) tryptophan residue pe r  subunit (tool. wt. = 33,000) 
o r  four residues per  molecule of L-asparaginase ,  i.e., 
all the tryptophan residues in the enzyme molecule.  Under 
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Fig. 2. UV spect rum of native (1) and 
N-bromosuccinlmide-modif ied (2, 3, 4) 
L-asparag inase  s. 
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Fig. 3. Influence of N-BS on the f luores -  
cence of L-asparag inase  (1, la) and of L- 
tryptophan (2, 2a). 1, 2) Native enzyme 
and L-tryptophan;  la, 2a) MN_BS: Mtryp- 
tophan = 5 : 1; lb, 2b) MN-BS : Mtryptophan = 
15 :1 .  
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Fig. 4. E lec t rophores i s .o f  the native and 
modified L-aspa rag inases :  1) native en- 
zyme, 2) enzyme modified with substrate 
protection, 3) modified enzyme; a) protein, 
b) enzyme activity. 

these conditions the catalytic activity of the L-asparag inase  
was completely suppressed.  

In view of the large excess  of tyrosine residues with 
respect  to tryptophan residues (11 : 1) in the molecule of 
L-asparag inase ,  f luorescence spec t ra  of this enzyme were 
taken with excitation at 295 m/z, which is charac te r i s t i c  
only for the excitation of tryptophan. The luminescence 
maximum of L-asparaginase ,  unlike that due to tryptophan 
residues at 345-350 m/~, is observed at 320 mp (Fig. 3), 
which is obviously explained by the hydrophobic environ-  
ment of the tryptophan [9, 10]. 

The addition of N-BS to a solution of the enzyme 
lowers the intensity of f luorescence while the maximum 
at 320 m# is retained. F r o m  the la t te r  c i rcumstance  it 
is assumed that this action does not cause conformational  
changes in the enzyme molecule connected with a change 
in the posit ion of the tryptophan residues.  

Calculated to 1 mole of tryptophan in the L - a s p a r a -  
ginase molecule, 1 mole of N-BS lowers the absorption 
maximum by 407o, and 2.5 moles cause the complete quench- 
ing of the f luorescence of this protein (Fig. 3a). 

The decrease  in the intensity of the f luorescence of 
L-asparag inase  is apparently connected just with the modi-  
fication of the tryptophan residues,  as is also confirmed 
by the f luorescence spect ra  of a solution of the amino acid 
L-tryptophan,  the nature of which coincides with that of 
the spect ra  of L-asparag inase .  This phenomenon is ob- 
viously also connected with changes in the interaction of 
the modified tryptophan with other surrounding amino 
acids. It is extremely likely that such an amino acid is 
the histidine residue [10] which, according to our results  
[2, 11], is present  in the active center  of the L - a s p a r a -  
ginase, is located close to the tryptophan, and has direct  
interaction with it. 

E lec t rophores is  in acrylamide gel showed that in the 
modified L-asparaginase ,  as compared with the native 
protein, two small  protein fract ions had disappeared, but 
the posit ion of the main zone was p rese rved  (Fig. 4). In a 
determination of enzyme activity, this zone was ei ther  not 
stained or  was stained very feebly, confirming the inhibi- 
tion of the activity of the L-asparag inase  on t reatment  
with N-BS. 

In an e lec t rophore togram of L-asparag inase  modi-  
fied with substrate protection, the number  and pat tern  of 
the e lectrophoret ic  distribution of the fract ions and also 
the activities of the zones did not differ f rom those of the 
native enzyme. 

The addition of the substrate,  L-asparagine ,  to a 
solution of L-asparaginase  direct ly before the addition of 
N-BS sharply reduced the inhibitory effect of ~he la t ter  

(see Table 1). In an amount suppressing asparaginase activity by 9670 after  preincubation for 10 rain, the 
inactivation of the enzyme with substrate protect ion under the same conditions was only 5%. A s imi lar  ef-  
fect is also observed in the protect ion of L-asparag inase  by a competing inhibitor, S-benzyl-N-benzyloxy-  
ca rbonyl -L-cys te ine .  In the presence  of this inhibitor in a concentrat ion of 3" 10 -3 M, inhibiting the enzyme 
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act ivi ty by 95%, the act ion of N-BS on L - a s p a r a g i n a s e  was g rea t ly  reduced,  and a f t e r  the separa t ion  of the 
S -benzy l -N-benzy loxyea rbony l -L -cys t e ine  and the excess  of N-BS on Sephadex G-25, the activity of the 
enzyme was 96% re s to red .  

The pronounced suppres s ion  of a spa rag inase  act ivi ty under  the influence of N-BS, which is consid-  
e rab ly  diminished on subs t ra te  or  inhibi tor  p ro tec t ion  of the enzyme,  shows a definite role of the t ryp to -  
phan res idues  in the ca ta ly t ic  action of L - a s p a r a g i n a s e ,  indicating the i r  posi t ion d i rec t ly  in the act ive cen-  
t e r  or  c lose to ca ta ly t ica l ly  impor tant  amino-ac id  res idues  and in d i rec t  in terac t ion  with them. 

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

The work was c a r r i e d  out with highly purif ied L - a s p a r a g i n a s e  f r o m  E. coli B 675 with a specif ic  
act ivi ty of ~ 250 IU /mg  of prote in ,  obtained by a modif icat ion of Robe r t s '  method [12]. 

The reagent  N-bromosucc in imide  was r ec rys t a l l i zed  f r o m  benzene (rap 173°C), and solutions of it 
were  p r e p a r e d  immedia te ly  before  each exper iment .  The pre incubat ion of the enzyme with the modi f ie r  
was p e r f o r m e d  in the appropr ia te  buffer  at room t e m p e r a t u r e  for  10 rain. To check the subs t ra t e  or  in- 
hibi tor  protect ion,  a 300-fold m o l a r  excess  of L - a s p a r a g i n a s e  (Reanal) or  S -benzy l -N-benzy loxyca rbony l ,  
L -cys te ine  was added. 

The L - a s p a r a g i n a s e  act ivi ty was de te rmined  by di rec t  Ness le r iza t ion  [13]. The excess  of N-BS was 
sepa ra ted  by gel f i l t ra t ion  on a column of Sephadex G-25. The homogeneity of the modified L - a s p a r a g i n a s e  
was checked by gel f i l t ra t ion  on a column of Sephadex G-150. 

The UV s p e c t r a  of L - a s p a r a g i n a s e  were  taken on a Specord UV-VIS spec t ropho tomete r .  The f l uo re s -  
cence s p e c t r a  were  taken on a h o m e - m a d e  ins t rument  consis t ing of two SPM-1 m o n o c h r o m a t o r s .  The 
f luorescence  was exci ted by a DDS-250 lamp.  The spec t ra l  sl i t  width of the exci t ing light was 6 mp and 
that of the f luorescen t  light 3 rap. The intensity of f luorescence  was m e a s u r e d  by the synchrodetec t ion  
pr inc ip le ,  using a F]~U-39 photomul t ip l ie r .  Disk e l ec t ropho re s i s  of the L - a s p a r a g i n a s e  was p e r f o r m e d  
by Dav i s ' s  method [14], and the act ivi ty of the zones was de te rmined  by a method descr ibed  prev ious ly  [15]. 

SUMMARY 

1. The role of the t ryptophan res idues  in the L - a s p a r a g i n a s e  molecule  has been  studied by the me th -  
od of chemica l  modif icat ion with N-bromosucc in imide ,  and it has been  es tab l i shed  that in an acid medium 
this reagent  modif ies  all  four  t ryptophan res idues  p resen t  in the molecule ,  comple te ly  suppress ing  the 
act ivi ty  of the enzyme.  

The subs t ra t e  - L - a s p a r a g i n e  - and a compet ing inhibi tor  - S - b e n z y l - N - b e n z y l o x y c a r b o n y l - L - c y s -  
teine - p ro tec t  the L - a s p a r a g i n a s e  f r o m  the action of N-bromosucc in imide ,  which shows the role  of t h e  
t ryp tophan  in the ca ta ly t ic  cen te r  of the L - a s p a r a g i n a s e .  
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